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Abstract

Distributed systems consisting of powerful workstations and high-speed
interconnection networks are economical alternative to special purpose
supercomputers. Networks of workstations that are comprised of
independent, general purposes computers are available everywhere and
have much unused computing power to be exploited. Utilizing these
resources for parallel computing is becoming a good idea with the
existence of many developed tools and systems that make these
workstations appears as a single virtual machine. Heterogeneity, high
latency communication, fault tolerance and dynamic load balancing are
issues that should be addressed in these systems to exploit parallelism.
Developing parallel programs in such systems requires expertise not
only in parallel programming issues but also in distributed computing.
We present a portable object-oriented parallel computing model based
on Java and using JPVM message passing interface. We provide an
implementation of the model in a library called PPO*CM. It provides a
transparent way of parallelizing algorithms with load balancing to
enhance resource utilization. PO°CM liberates the users from the
complexities of distributed systems and parallel programming, thus the
programmer have only to learn the interface to the library instead of
learning parallel programming. We have chosen graph algorithms to test
our model and ran the prototype on Ethernet based network of Win2K
computers and achieved appreciable speedup and efficiency. We also
solved large instances of problems, which could not be solved on a
single computer for reasons of speed or memory constraints.
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Chapter 1

Introduction

Parallel computing is about 20 years old, since then parallel computing
has solved complex problems and high-performance applications in
traditional areas in science, engineering and application areas such as
artifidial intelligence and finance. However, special-purpose massively
parallel machines' have proven to be expensive to build, difficult to use,
and could not take advantage of improving technologies by replacing

higher speed processors and interconnection networks.

Distribaited systems consisting of powerful workstations and high-speed
interconnection networks are economical alternative to special purpose
supercomputers. On the other hand, the availability of powerful desktop
computers and high-speed connectivity has placed a potential distributed
parallel processing environments. Network of workstations that are
compromised of independent, general purpose computers are available

everywhere and have much unused computing power to be exploited.

“The definition of a massively parallel computer is generally used to describe a SIMD machine with
over 1000 processors. These machines are fine grained and involve very high-speed communications.

By contrast, the networked workstation paradigm being used for the PVM would not be a massively
parallel model.




Utilizing these resources for parallel computing is becoming a good idea
with the existence of many developed tools that makes these workstations
appear as a single virtual machine. Heterogeneity, high latency
communication, fault tolerance and load balancing are issues that should
be addressed in these systems to exploit parallelism. Developing efficient
parallel programs to be executed on such system requires expertise not
only in parallel programming but also in distributed computing, fault

\
tolerance and load balancing techniques. Writing libraries that provide
supp(\)rt for these issues liberate users from the complexities of distributed

systems, thus the programmers have only to learn the interface to these |

libraries instead of learning parallel and distributed programming,.

)

Architbécture-independent message passing tools have been developed to
allow transparent use of networks of workstations for parallel computing.
Models for message passing include systems such as MPI, PVM, JPVM,
javaPVM, Parmacs and P4 (Sundarem and Geist 1999). These systems
connect a heterogeneous collection of computers and making them

appear like a large distributed memory computer.

Using object oriented languages, especially Java language is gaining
growing interest for implementing complex science and engineering

applications. Due to the excellent support offered by Java (Horstmann




and Cornell 2000) for programming on distributed platforms, Java is
considered an excellent language for developing complex applications to
be executed in parallel on a network of workstations especially after the

development of JIT compiler (Ishizaki et al. 2003).

Despite these successes, parallel computing has not become a major
methodology in computer science. We have chosen to examine the state
of parallel computing on network of workstations by implementing a
portable object oriented parallel computing model using Java and JPVM
to create a virtual machine for parallel computing on which the problem
is broken into smaller units of work and distributed throughout the
processing nédes of the virtual machine with dynamic load balancing that
increlees processor utilization. Our model called P*XO°CM is easy to
program, has a software development methodology based on client server
paradigm, architecture independent and guarantee performance. We have
implemented several graph algorithms using the model. Doing so

addresses both software and development issues concerning these areas,

hardware and performance issues.

Graphs can be used to model a wide variety of structures and
relationships. Most applications of graphs can be reduced to standard
graph properties and using well-known algorithms. These include depth

3




