Message-Passing in Java

Nenad Stankovic

FSJ Inc., Daiwa Naka-Meguro Bldg. 5-8F, 4-6-1 Naka-Meguro

Meguro- ku, Tokyo 153-0061, Japan nstankov @co mp. mq.edu.au

Abstract

Wepresent her eour work aimed at developing a net work based visual soft ware engineer ing environment for parallel processing by thena meof

Visper. It is complet ely implement ed in Java and supports themessagepassing model. Java offers thebasic platformindependent services needed to int egratehet erogeneous hardwareinto a sea mless computational resource. Easy installation, participation and flexibilit y areseen as key properties when using thesyst em. Webelievetheapproach taken simplifies thedevelopment and test ing of parallel programs by enabling modular, object orient ed t echniquebased on our ext ensions to t heJava

API.

Keywords: MPI, PVM, message passing, perfor mance, Java

1. Intr oduction

Wide and localarea networks represent an important comput ing resource for parallel processing communit y. The processing power ofsuch environments is deemed huge. The problemis that theyare made up ofheterogeneous hardware and software. In this paper we focus on descr ibing a novel metcomput ing environment named Visper. The aimo fthe project is to allow a programmer to make an efficient use ofthe networked computing resources. Visper is implemented in and for the Java language. Java, due to its platfor m independence and unifor minter face to systemser vices simplifies the implementation of

MIMD parallel applicat ions and the systemsoftware needed to support them.

A number oftools and librar ies have been designed to foster the use ofnetworks to run parallelprograms. In the domain o fthe message-passing modelproducts like MPI [11] and PVM [9] transfor mheterogeneous networks ofworkstations and supercomputers into a scalable virtualparallel co mputer. While MPI was focused on message passing aspects,

PVM acts as a runtime system. The aimo fboth is to provide a standard and portable programming inter face for severalhigh level languages. Theyhave been adapted to a var iet yofarchitectures and operating systems. The problemwith both systems is that programmer s have to build a different executable for each target architecture or operating systemand programs must be started manually. The insufficient secur it yand dependence on a shared file systemlimit s their use for large or widelydistr ibuted applicat ions. For example, while it is possible for a PVM process to run code that is loaded fro mother network nodes, the virtualmachine provides no protection for its hosts against malic ious or errant behavior fro mthe downloaded code.

Wit h the advent ofJava and the Internet the world ofcomput ing has beco me r icher for a new programming technique that is inherent ly dr iven byplat for mindependence. This explains why Java should not be recognized merely as yet another programming language but rather as a concept or an environment. Java modeloffers preempt ive mult ithreading, where thread methods offer a set ofsynchronizat ion pr imit ives based on monitor and condit ionalparadigm byC.A.R. Hoare. Java threads, however, do not have built-in po intto-point communicat ion pr imit ives needed for message-passing parallelprogramming.

Java binar ies are shipped across the network and executed on client machines. Securit yis therefore a crit ical issue and stronglyenforced in Java. Java interpreter that operates on virtualmemor yexecutes the binar ies at the client side. Hence, the modelis safe since the sent bytecodes are ver ified at the client that prevents corrupted or evil classes fro m causing problems [20]. Based on these premise we can extend the network OO programming fro mthe proceduralone based on RPC/RMI to the class one based on the fact that classes and objects can be sent over a network rather than the data or method invocat ion. Moreover, it is possible to preserve object´s state, to init ialize it, etc. We can think ofclasses (threads) that are distr ibuted over networks, rather than just methods that execute on remote hosts.

Visper is conceived as an integrated metacomput ing environment that provides the services to design, develop, test and run parallel programs. It provides an MPI like communicat ion librar y, and features to spawn and control( lightweight) processes from within the environment. In this paper we will expand upon the ment ioned points. Section

2 descr ibes the organization and the main ser vices supported bythe environment.

Sections 3 and 4 descr ibe Visper in terms ofthe front-end and backend. Sections 5 and 6 descr ibe the API, while Sect ions 7 and 8 provide a simple code example and per formance data. Section 9 infor ms on the related Java based work in metacomput ing. A descr ipt ion on some older systems can be found in [2]. The paper concludes with Section 10.

2. Visper

Visper is an interactive, object-oriented environment implemented in Java that provides a set oftools for the construction, testing and execut ion ofSPMD applicat ions. It is conceived as a toolfor research into parallel and distr ibuted Java programming, and as an efficient, reliable and platfor mindependent environment that produces usefulresults. It can be used bymult iple users and run mult iple programs concurrently. Figure 1 shows the toolorganizat ion and main components. Visper consists ofa front-end (i.e. conso le) and a backend ( i.e. systemservices). The purpose ofthe front-end is to implement the graphicaluser inter face and to encapsulate as much o fthe syntax ofthe modelas possible. The backend implements the semant ics ofthe modelindependent ofthe front design. The overallsystemoperation can be descr ibed in terms ofthe two components.

Na ming Services

Console

Session

Console

Session

Worker

Da emon

Worker

Da emon

TCP/IP iBus

TCP/IP

Class files

Figure 1 Visper Overview

Visper is built on top oftwo communicat ion techniques: a reliable po int-to-point

(TCP/IP), and an intranet mult icast ( iBus [16]). Bothtechniques can be used simultaneously, wit h the iBus being optional. Each user startsa conso le that represents the front-end to the system. As descr ibed later, the console provides the means to compose, analyze and start parallelprograms. Each user can create mult iple sessio ns, where each sessio n runs only one parallel programat a time. A sessio n is an ordered collect ion ofthe available machines and represents a virtualparallelcomputer. It allows controland data collect ion ofthe running process. It can dynamicallygrow or shr ink while a program is running, since machines can jo in or leave ( i.e. crash). A machine that dynamically jo ins a session, remains part ofit unt ilmanually removed bythe user.

The backend consists ofthe services to run parallel programs and generate debugging data for communicat ion pr imit ives. The naming ser vices represent a centralized database ofthe available resources, active sessio ns and acts as a port- mapper and detector of fault y machines for point-to-point mode. Each machine that is part ofa Visper environment must run a Visper daemo n. Daemons fork one worker process that runs parallelprograms per sessio n, and maintain workers’ state (e.g. active, dead). To minimize the start-up cost, each session maintains its set ofworkers as long as it is active. As shown in Figure 1, workers can run mult iple remote threads. Even though theydo not share the same address space, we callthemthreads since they execute as Java threads inside a worker process.

To allow more flexible and efficient loading ofthe Java class files ( i.e. remote threads and its components), the user can define mult iple loading po ints, and different access modes.

S o c k e t s i B u s

S e s s i o n

G r o u p / P r o c

V C o m m s R T

Figure 2 API

Fromthe programmers’ perspect ive, Visper provides three classes ofobjects that enable communicat ion and parallel processing (Figure 2). The VComms is an MPI like libr ar y that provides point-to-point, collect ive, synchronous and asynchronous communication and synchronizat ion pr imit ives. The VRunnable interface allows any Java class to be turned into a network- runnable object (i.e. remote thread). The group and process librar y provides classes to group remote threads, create and controlthemfro mwit hin a program, and to provide the scope for communicat ions. The sessio n layer contains the infor mat ion about the current sessio n statusand configurat ion. All these services are built on top of the Java network API and iBus middleware.

3. The Console

To the programmer, the conso le is the onlytangible co mponent ofthe tool. The purpose ofthe console is to enable user-to-systeminteract ion and to implement the syntax ofthe programming modelor programspecification. Its main strength is in the visualizat ion of parallelprogramcomposit ion and execut ion. Thus, it is a console for the systemin which the user constructs a parallel program, then exercises it through an interface.

Figure 3 shows var ious co mponents ofthe console. For example, the front-end provides a visualprogramming environment with a pallet ofmodelpr imit ives that can be placed on a canvas and which can be interconnected using arcs to create a process communicat ion graph (PCG) [17,18]. The front-end also generates a structured internalrepresentation of the model, per for ms syntact ic analysis o fthe graph as the programmer is constructing it, and translates the graph into a Java program. Finally, the front-end must be the user inter face to the backend that allows programexecut ion, controland debugging.

Figure 3 Front-end Components

To run a program, the user first connects to a naming ser vice, fromwhere the currently

available machines are obtained. In the group dialog, the user then creates one or more

sessions. Machines can be shared between sessio ns, as each sessio n has it s own set of

workers. Then, a systemwide path is defined that instructs the workers where to look for

the applicat ion class files. In the execut ion dialog, the user can then start a programand

pass input arguments within a defined session. These operations do not require special

scr ipts or valid user accounts on the invo lved machines. When running a program, the

user can switch on and off the collection ofrun-time data and later analyze it in a space-

time diagram. To help wit h debugging, the systemalso intercepts the except ions

generated bya parallelprogramand displays it in the conso le. However, it does not yet

provide a systemwide inter face to jdb.

4. The Backend

The backend consists ofa naming ser vices and set ofdaemons and workers running on a

networkor networks ofcomputers. The backend reacts to the direct ives fro mthe console,

then notifies the front-end ofthe changing programstatus as the execut ion process takes

place. At a direction ofthe front-end, the backend willreport infor mation regarding the

programact ivit yper sessio n, generate space-time diagramdata, and host allocat ion.

Visper is built on top ofthe socket API interface that comes wit h Java and the iBus

intranet middleware. Java sockets provide basic reliable po int-to-point communicat ions

bythe TCP/IP protocol, and their scope is not limited bythe local intranet or subnet

boundar ies. The problem wit h this approach is its limit ed scalabilit y. Ethernet and Token

r ing based networks allow efficient hardware mult icast facilit ies. However, in Java they

are not reliable and therefore we use iBus that enables a modelo fspontaneous

networking, where applications can jo in and leave reliable mult icast channels

dynamically. Alo ng with the mult icast capabilit ies, iBus also provides a simple inter face

to receive membership changes and failure detection. When a view change occurs, either

due to a new host jo ining or leaving the channel, the iBus membership protocoldetects it

and delivers a view change notification to the registered listeners.

4.1 Daemon

A daemo n is a standalone Java process that enables its host machine for processing in

Visper. Upon startup, each daemon registers with the naming services, and after that it is

readyto accept requests fro ma console. The naming services will ping fromt ime to time

allthe registered daemons to check their status. At the mo ment, the daemon also serves

as a resource manager by implement ing a Round-Robin algor ithm. When a user creates a

session, the conso le broadcasts the group ofmachines into the environment, and the

affected daemons create workers. When a resource manager adds a new machine to a

session, it infor ms the parent console about the change. Daemons use the Process class in

Java to controland co mmunicate to the workers. To simplifythe design, allthe

communicat ion fro mthe console to the workers is directed through the parent daemon.

4.2 Worker

A worker is a standalo ne Java process that executes remote threads. Fromthe programer ’s

perspective, a worker represents a virtualprocessor with memor y. Theyare persistent,

meaning that as long as the sessio n theybelo ng to is act ive, theyremain act ive, too.

Therefore, theyare capable ofstoring the bytecode locally across mult iple execut ions.

Workers load bytecodes bya customized class loader. There is only one loader per

worker. When testing a program, the user can refresh the stored classes without restarting

the worker. A worker can execute mult iple remote threads at a time, ifthose threads

belo ng to different groups. Ifnot, theyare executed as a FIFO. Workers also provide a

default communication channel for the parallelprograms, which eliminates the need for

the init ial synchronizat ion amo ng a group ofrunning remotethreads.

5. Message-Passing Primitives

At the applicat ion level, Visper provides a TCP based co mmunication class called

VComms, the st yle ofwhich fo llows the MPI standard but in its implementation, is

dr iven by the features ofand ser vices provided byJava, and is fullyimplemented in Java.

Further, the VComms hides the addressing and communication mechanis ms fro mthe

programmer. Issues, such as the establishing ofcommunicat ion channels and handling of

network except ions are per formed internally, therefore making the programmer’s code

smaller than the corresponding socket versio n. Similar to MPI, the programmer is

reasoning in ter ms oftransparent process ident ifiers, rather than the IP names and ports.

However, VComms is an object based co mmunicat ion librar ytaking advantage ofthe

Java Ser ializat ion mechanism [19], and it does not support direct lynat ive data types. The

benefit ofthis approach is that the programmer does not have to define the type ofthe

data being sent to the system. The drawback is that the programmer must provide a

wrapper class to send native types. The VComms supports blocking and non-blocking

point-to-point and collect ive message-passing pr imit ives in a raw and trace mode.

Messages can be sent within a group or among different groups. The synchronization

capabilit ies are represented bythe barr ier method. There are two var iants, one that waits

for allprocesses in a group and the other that releases the block after a specified number

ofprocesses have issued the call.

6. Remote Processes and Gr oups

A parallel programconsists ofmanyprocesses running on remote computers. Visper ,

provides two modes ofexecut ion: the MPI mode and the dynamic RT. In the MPI mode

the systemwillexecute a requested remote thread bysending it to allthe workers in the

session. In the RT mode the systemwillsend the request onlyto the fir st worker in the

session (the one with ID 0). That remote thread acts like a bootstrap. To populate other

machines in a sessio n, the API provides two classes: VRemoteProcess and

VRemoteGroup. The first one creates a new remote thread within a given group on a

remote or localworker. The latter creates a group ofthreads. Instances ofthese classes

serve as peers to the remote threads. We can use themto check a thread or group status, start, stop or synchronize ( i.e. group jo in), invoke methods via the Java Reflect ion API,

etc.

The fo llowing example shows how a remote group ofprocess is created:

VGroup vgrp = new VGroup (GroupName,ParentGroup,4);

VRemoteGroup rgrp = new VRemoteGroup ( RemoteThreadClass, vgrp);

Fir st, the parent thread creates a new group with 4 processes. Then, a remote group of

threads is forked offwithin that group.

7. Example Program

Here, we present a simple example program. It was written for the MPI mode of

execution, since it does not use the VRemoteProcess or VRemoteGroup primit ives. It is

important to notice that when wr it ing a program, these modes are not relevant. Theyare

simply pr imit ives provided by the conso le to simplify the development.

import visper.*

public class test implements VRunnable {

public void Run(String[] args, ThreadGroup tg,VSession vs)

{

VComms comms = new VComms ( vs);

VWorld world = new VWorld ( vs);

if ( vs.HostID(world) == 0) {

VDataSend ds = new VDataSend (10,1,world);

comms .Send( ds,newInteger(5));

}

else if ( vs.HostID(world) == 1) {

VDataRecv dr = new VDataRecv (10,0,world);

Intege r msg = (Integer ) comms.Recv( dr);

comms .Console( msg.toString());

}

}

}

The programconsists oftwo processes, one that sends and the other receives a message.

It requires only the default group called World. The receiving process sends a message to

the console that displays the number being sent.

8. Performance

We have measured the basic per for mance of Visper using: 7 UltraSparc/Solar is2.5 with

256MB RAM, two Pentium200/NT 4.00.1381 with 64 MB RAM and two HP A9000-

780/HP-UX B.10.20 with 512MB RAM connected with a 10 Mbps Ethernet. On the HP

boxes we have used HP-UX Java C.01.15.05, on the Sun machines Sun JDK1.1.6, and on

the PCs Sun JDK1.2. Since the Solar is versio n does not support just-in-time co mpilat ion

(JIT), the just-in-t ime compiler was disabled for the test, except were noted. We have

also used MPICH 1.1.1 [14] and PVM 3.4 [15], built with Sun’s C/C++ 4.2 compilers.

8.1 Speedup

The speedup test represents a simple Jacobi iterat ion with 2000 columns and 300 rows

with a maximumo f100 iterations. The graph in Figure 4 displays an average over 8 runs for each different number ofnodes. For a 500 by500 matrix, the best speedup value was

only2.7 and it peeked at 7 nodes.

0

100000

200000

300000

400000

500000

600000

700000

1 2 3 4 5 6 7 8 9 10

No d e s m s

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5 s p e e d u p

aver age

s peedup

Figure 4 Speedup Results

It is interest ing to compare these speedup values to one obtained bythe MPICH. For the

fir st example, the speedup was 2.11 on the 7 UltraSparc machines, and for the second

example 2.27. However, the computation times were 15.162 seconds and 5.094 seconds

respectivelyfor 1 node, and 7.183 and 2.242 seconds for 7 nodes.

8.2 Point-to-Point Communication

Generally speaking, to send a message, the fo llowing steps are required:

· Address reso lution,

· Data marshaling, and

· Data Transfer.

Wit h message-passing systems, the address resolutio n invo lves conversio n ofa logical

process ident ifier with respect to a communicat ion group into the actualIP address and

port. The data marshaling invo lves conver sion o fthe data fro mthe localhost format into

the network (i.e. architecture independent) format, and back. The data transfer takes place

over a network, the characterist ics ofwhich usually have large impact on the overall

perfor mance ofparallel programs. These three steps were included in the time cost

benchmark, below.

Here we present the test results for the COMMS1 [7] test perfor med on the ment ioned

libr ar ies. The purpose ofthis benchmark is to measure the basic communication

properties ofa message-passing environment: latency and unidirect ionalbandwidth. A

master processor sends a message to a slave processor, and the slave immediately returns

it to the master. Messages are ofvar iable length, and it is assumed that the amount of

time to send a message fro mthe master to the slave is equalto the time required for the

return. The tests were perfor med for messages of1, 100, 1000, 10000, 100000, and

1000000 bytes in length. The latency and bandwidth values were calculated by a linear

funct ion via a least squares linear regressio n.

Table 1 Native Systems (ms)

Bytes Sent PVM jPVM MPICH

1 0.563 0.95 0.603

100 0.768 1.1 0.709

1000 2.363 2.65 2.203

10000 10.41 10.8 10.21

100000 95.84 97.6 103.1

1000000 966.3 985.05 1026

As a reference, in Table 1 we first present the COMMS1 results taken for the 3 native

systems: PVM, MPICH and jPVM [22], collected on the Sun workstations. As expected,

the PVM and MPICH times are ver y similar. The jPVM times are marginally infer ior to

the PVM times, due to two causes ofoverhead: an addit io nalcall to switch between Java

and C, and cost ofthe Java to native data types conversio n.

Table 2 VComms (ms)

Bytes Sent HP+JIT PC+JIT Sun

1 12 8 63

100 13 8 60

1000 13 8 60

10000 106 18 121

100000 237 118 236

1000000 1089 1192 1230

Table 2 shows the VComms t imes for the three platfor ms. The tests were performed

between 2 computers ofthe same type. The HP and PC results were obtained byusing

JIT compiler. It is interest ing to notice that although VComms was built directly on top of

the Java Object Serialization mechanism [19] , so the impact ofthe bytecode interpreter is

minimal , it is two orders ofmagnitude behind the jPVM for short messages . As messages

were getting larger, the impact ofJava on the ove rallper formance has decreased. The

cross-architecture results were dominated bythe slower node. For example, a Sun-to-PC

test yielded results similar to the Sun column in Table 2, while a PC-to-HP test produced

results slight ly better than the HP column.

Table 3 Communication Cost (ms)

jPVM MPICH Sun HP+JIT PC+JIT

Latency 0.784 0.905 81.554 51.249 5.782

Time/Byte 0.00098 0.00097 0.0016 0.0013 0.0012

Table 3 shows the communicat ion costs for jPVM, MPICH on Sun and VCo mms on the

three target architectures. The VComms values reflect the high cost ofnetworking in Java

for small messages. jPVM and MPICH have outperformed Java on Sun by two orders of

magnitude, but it is interest ing to notice that JIT has significant lyreduced PC latency,

while on HP the impact was onlymarginal. Good time-per-byt e values can be explained

bythe fact that as messages were getting larger, the differences in times were getting

smaller, for allthe three Java VirtualMachine s ( JVM).

Table 4 Bandwidth (MB/s)

Bytes Sent jPVM MPICH Sun HP+JIT PC+JIT

1 0.001 0.002 1.6e-5 8.3e-5 1.3e-4

100 0.091 0.145 0.002 0.007 0.013

1000 0.377 0.465 0.017 0.077 0.125

10000 0.926 0.986 0.083 0.094 0.556

100000 1.024 1.018 0.424 0.422 0.847

1000000 1.015 1.036 0.813 0.918 0.839

As a result ofrather poor latencies, the effect ive bandwidth is reduced for smallmessages

in VCo mms co mpared to jPVM and MPICH byone to two orders ofmagnitude (Table

4). Again, the HP results are rather surprising regarding the fact that all tests were

perfor med wit h JIT compilat ion. On the other hand, our implementation and tests have

proved that a pure Java message-passing librar y, though infer ior in perfor mance to the

systems based on nat ive code, is a viable option.

9. Metacomputing in Java

So far, a typicaldistr ibuted or parallel applicat ion would consist ofone user, processes

and data that are bound to a particular architecture or file systemand resources to which

the user has access. The WEB has the potentialto be the infrastructure in integrating

remote and heterogeneous computer systems into a global co mput ing resource. There is a

growing bodyofwork on how to utilize best this new techno logy. Netsolve [3] provides a

Java based systemfor exporting co mputationalresources and librar ies of preconfigured

modules to solve computationally intensive problems. The user communicates with the

systemvia a GUI that provides a set ofavailable modules, an input window to specifythe

input data and an output window to view the results. Upon receiving the input data and

the problem name, the Netsolve systemautomat ically allocates the resources to carryout

the computation and sends back the result.

Other systems like IceT [10], Knitt ingFactory[2] and InfoSphere [4] see the Internet as a

cooperative or group environment in which mult iple users can work together. The IceT

project has also done some work at providing a PVM like environment for parallel

processing. The ParallelJava Extension [13] uses the Conver se [12] interoperabilit y

framework, which makes it possible to integrate parallellibr ar ies wr itten in Java with

modules in other parallel languages in a single application. The main dr ive behind these

projects was the recognit ion ofthe write once run many capabilit yo fthe Java

environment. DOGMA [6] is a metaco mputing systemdesigned for running parallel

programs on networks and supercomputers (IBM SP/2). The goals ofDOGMA are

similar to those of Visper (e.g. plat formindependence, dynamic configuration, and fault

tolerance). It provides a communicat ion librar y, the MPIJ that implements MPI

completely in Java. Unlike VCo mms, the MPIJ implementation ofMPI is based on the

MPI C++ bindings as much as possible, and the programming st yle in DOGMA

resembles closelythe one found in MPI.

Parallelto this type o fresearch, there have been efforts to enable popular message-

passing librar ies like the MPI and PVM to run under the JVM. jPVM [22] and MPI Java

[5] provide wrappers for the C-calls by using the Java native methods capabilit y. JPVM

[8] is a PVM librar ywr itten in Java, but misses some important PVM features, e.g.:

dynamic process group, group broadcast and barr ier synchronizat ion. These systems

utilize Java mainlyfor heterogeneit y, since theylack the abilit yto download the

applicat ion code fro mthe network, fault tolerance, or use anyavailable machine on the

network irrespective o fvalid user accounts. Consequent ly, theyare limited to local

networks.

10. Conclusion

Visper is a novel , pure Java based toolfor MIMD parallel programming. It combines best

features provided byJava wit h the standard practices and techniques pioneered by the

systems like MPI and PVM. It allows a remote execution ofJava bytecodes, by

transforming a network ofmachines into a virtualparallelco mputer. The program

executes as a group or groups ofasynchronous threads that communicate with each other

bysending messages. In the shared var iable paradigm, processes communicate bywr it ing

to and reading fro mshareable memor ylo cat ions. This paradigm alt hough simple vio lates,

however, the principles ofabstraction and encapsulat io n, making it difficult to implement

large systems reliably[1]. The problems with such implementations include mutual

exclusio n, condition synchronizat ion and lack ofcontrolover communicat ion modes for

better performance. On the other hand, remote threads are autonomous, interacting

comput ing elements that encapsulate data and procedure. Theycan be dynamically

created and configured, thus providing flexibilit yin organizing their activit y.

Visper is designed as a two-layer system, where systemser vices are cleanly decoupled

fro mthe message-passing API. It provides a secure, object-oriented, peer-to-peer

message-passing environment in which programmers can co mpose, test and run parallel

programs within a persistent sessio n. The communicat ion pr imit ives represented bythe

VComms class fo llow the pr imit ives ofthe MPI standard. Theyprovide synchronous and

asynchronous modes ofco mmunicat ion between processes. The programmer can choose

between point-to-point and collect ive co mmunicat ions. Visper supports synchronous and

asynchronous modes ofexecut ion and pr imit ives to controlprocesses and groups of

processes as ifthey were realparallelco mputers. The perfor med tests have showed that

Java is a viable option for parallel processing, especiallywhen enhanced at runtime bya

JIT compiler.

As future enhancements to the systemwe can mention better strategyfor dynamic

resource allocat ion, object migrat ion and fault tolerance. The current resource

management is rather naive, since it does not take anyrelevant parameters into account

(e.g. computational power, network bandwidth, load, or task size). The fault tolerance is

currently limit ed to the system level. Fault ynodes are detected and removed fro mthe

system. However, the object migrat ion, and evacuat ion in the event of failure are not

implemented yet. Due to the JVM specificat ion, a migrated object cannot be restarted

fro mthe last execut ion point transparent ly. For example, Ninflet [21] requires explicit

checkpoint ing bythe programmer. It is the programmer’s responsibilit yto skip over the

executed operations when a Ninflet execut ion resumes fro ma snapshot state. Due to the

partialimplementation ofthe above features, the current implementation of Visper is

more suitable for LAN environments.

Refer ences

[1] Agha , G. A., and Jamali , N. Concurrent programming for Distr ibuted Artificia l

Intelligence. To appear in: ed. Weiss, G. Distributed Artificial Intelligence, MIT Press,

1998.

[2] Baratloo, A., et al. Knitt ingFactory: An Infr astructure for Distr ibuted Web

Applicat ions. TechnicalReport TR 1997-748, Department ofComputer Science, Courant

Inst ituteofMathemat ical Sciences, New York Universit y. November 1997.

[3] Casanova, H., and Dongarra, J. Netsolve: A Network Solver for Solving

Computational Science Problems. TechnicalReport CS-95-313, Universit y ofTennessee,

November 1995.

[4] Chandy , K. M, et al. A Wor ld Wide Distributed SystemUsing Java and the Internet,

http://www.infospheres.caltech.edu .

[5] Chang, Y-J ., and Carpenter, B. MPI Java Wrapper Download Page, March 27, 1997.

http://www.npac.syr.edu/user s/yjchang/javaMPI .

[6] DOGMA: Distr ibuted Object Group Metacomput ing Architecure. September, 1998.

http://zodiac.cs. byu.edu/DOGMA .

[7] Dongarra, J. J., Meuer, H-W ., and Strohmaier, E. The 1994 TOP500 Report.

http://www.top500.org/ .

[8] Ferrari, A. JPVM. http://www.cs.virginia.edu/~ajf2j/jpvm. ht ml .

[9] Geist, G. A., et al. PVM 3 User´s Guide and Refer ence Manual. Technical Report

ORNL/TM-12187, Oak Ridge NationalLaboratory, 1993.

[10] Gray, P., and Sunderam, V. The IceT Project: An Environment for Cooperative

Distr ibuted Computing. http://www.mathcs.emor y.edu/~gray/IceT.ps .

[11] Gropp , W., Lusk , E., and Skjellum , A. Using MPI, Portable Parallel Programming

with the Message-Passing Interface . The MIT Press, 1994.

[12] Kalé, L. V., Bhandarkar, M., Jagathesan, N., Krishnan, S. and Yelon, J. Conver se:

An Interoperable Framework for ParallelProgramming. Proceedings ofthe 10 th

InternationalParallelProcessing Symposium, Honolulu, Hawaii, Apr il1996, pp.212-217.

[13] Kalé , L. V., Cox, A. L. and Wilmarth , T. Design and I mplementation o fParallel

Java with Glo balObject Space. Proceedings ofConference on Distr ibuted Processing

Techno logyand Applicat ions, Las Vegas, Nevada, 1997.

[14] MPICH-A Portable I mplementation ofMPI.

http://www-unix. mcs.anl.gov/mpi/mpich .

[15] PVM: Parallel VirtualMachine. http://www.epm.ornl.gov/pvm/pvm_ho me. html .

[16] SoftWired AG. Programmer ’s Manual. Version 0.5. August, 20, 1998.

http://www.softwired.ch/ibus.ht m .

[17] Stankovic, N., and Zhang, K. GraphicalCo mposit ion and Visualization o fMessage-

Passing Programs. SoftVis´97, December, 1997, Flinder s Universit y, Adelaide, South

Australia, pp.35-40.

[18] Stankovic, N., and Zhang, K. A Parallel Programming Environment for Networks.

ISHPC’99, Kyoto, Japan, May26-29, 1999.

[19] Sun Microsystems, Inc. Java Object Serializatio n Specification. Revisio n 1.4, July 3,

1997, http://java.sun.com .

[20] Sun Microsystems, Inc. Java Secur it yArchitecture (JDK 1.2). Revisio n 0.7, October

1, 1997, http://java.sun.com .

[21] Takagi, H. et al. Ninflet: a Migratable Paralle l Objects Framework using Java. ACM

Workshop on Java for High-Per for mance Network Computing, 1998, pp.151-159

[22] Thur man, D. JavaPVM . http://homer. isye.gatech.edu/chmsr/JavaPVM .

NENAD STANKOVIC received a B.S. in electrical engineer ing fromtheUniversit y of Zagreb,

Croatia in 1983 and a M.S. degreein comput er sciencefrom MacquarieUniversity, Australia in

1997. Currently heis a member of research staff at MacquarieUniversit y and also working

towards his Ph.D. in comput er science. Prior to coming to MacquarieUniversit y hespent 13

years working on differ ent projects in comput ing. His research int er est is in theareas of parallel

programming environment, parallel and distributed systemand archit ecturedesign and artificial

int elligence.