


Towards Fault Tolerant Wide-Area Large Scale Distributed
Systems: A Highly Scalable Failure Detector and Membership

Management Service using MPI

The members of the Committee approve the masters
thesis of Amit S Jain

AN
Sajal K. Das ; % _/

Supervising Professor

KiBasy.

Kalyan Basu

Bob Weems %/ % ,/ /////"/éW




TOWARDS FAULT TOLERANT WIDE-AREA LARGE
SCALE DISTRIBUTED SYSTEMS: A HIGHLY SCALABLE
FAILURE DETECTOR AND MEMBERSHIP
MANAGEMENT SERVICE USING MPI

by
AMIT S JAIN

Presented to the Faculty of the Graduate School of
The University of Texas at Arlington in Partial Fulfillment
of the Requirements

for the Degree of

MASTER OF SCIENCE IN COMPUTER SCIENCE AND ENGINEERING

THE UNIVERSITY OF TEXAS AT ARLINGTON
August 2004



UMI Number: 1422767

INFORMATION TO USERS

The quality of this reproduction is dependent upon the quality of the copy
submitted. Broken or indistinct print, colored or poor quality illustrations and
photographs, print bleed-through, substandard margins, and improper
alignment can adversely affect reproduction.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized

copyright material had to be removed, a note will indicate the deletion.

®

UMI

UMI Microform 1422767
Copyright 2004 by ProQuest Information and Learning Company.

All rights reserved. This microform edition is protected against

unauthorized copying under Title 17, United States Code.

ProQuest Information and Learning Company
300 North Zeeb Road
P.O. Box 1346
Ann Arbor, Ml 48106-1346



ACKNOWLEDGMENTS

First, I would like to express my sincere gratitude to my supervising professor, Dr.
Sajal K. Das, for being flexible and giving me the independence to work by myself, yet
being aware of fruitful directions as well as concrete ways to push and pull me towards
them. Dr. Das was instrumental in pushing me towards publication efforts which I am
sure would be vital as I continue to pursue my research interests. I would also like to
thank Mr. Kalyan Basu and Dr. Bob Weems for being in the defense committee.

I am also grateful to Dr. R.K. Shyamasundar of Tata Institute of Fundamental
Research (Mumbai, India) under whom I started my journey into the world of research.
A special thanks to Mr. Patrick McGuigan, administrator of the Distributed and Parallel
Computing Cluster, UT Arlington, for making me familiar with the cluster environment
and helping me run my experiments. Thanks to all my colleagues in CReWMaN for their
encouragement, suggestions and help rendered to me.

This thesis work was supported by NSF grant EIA-0216500 and NASA Ames Re-
search Center under Cooperative agreement number NCC 2-5395. I would also like to
acknowledge the scholarship granted to me by the Texas Telecommunication Engineer-
ing Consortium (TxTEC) and also the financial assistantship from the Department of
Computer Science and Engineering at UT Arlington.

July 14, 2004

iii



ABSTRACT

TOWARDS FAULT TOLERANT WIDE-AREA LARGE
SCALE DISTRIBUTED SYSTEMS: A HIGHLY SCALABLE
FAILURE DETECTOR AND MEMBERSHIP
MANAGEMENT SERVICE USING MPI

Publication No.

Amit S Jain, M.S.

The University of Texas at Arlington, 2004

Supervising Professor: Sajal K. Das

The potential for faults, both software and hardware, in distributed computing
systems is a significant complicating factor for application developers. Since long, re-
searchers have focused in making applications transparent to these faults by expeditious
detection of resource failures and taking quick remedial steps, so that the execution of
the application is not halted or even delayed. Expeditious detection of these faults is
done with the help of failure detectors. Failure detectors detect when a resource fails and
makes this detection available to the upper layer of the application. Hence, they form
an integral part of any fault tolerant system and have been an extensively studied area
in the field of distributed systems. However, existing failure detectors, most of which
were designed for local area networks, fail when applied to large wide-area distributed

systems. The emergence of wide-area large scale technologies like Grid has left existing
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