Eduardo Tovar
Philippas Tsigas
Haceéne Fouchal (Eds.)

Principles of
Distributed Systems

11th International Conference, OPODIS 2007
Guadeloupe, French West Indies, December 2007
Proceedings

LNCS 4878

@ Springer




| -t
(¢| Eduardo Tovar Philippas Tsigas
-] Hacene Fouchal (Eds.)

- eld
4 !

Principles of
Distributed Systems

11th International Conference, OPODIS 2007
Guadeloupe, French West Indies, December 17-20, 2007
Proceedings

-

N\
< \

\

v 3
§
]

SO
‘\?3 W/
N

& springer I

E2008000746



Volume Editors

Eduardo Tovar

Polytechnic Institute of Porto (ISEP-IPP)

Department of Computer Engineering

Rua Dr. Anténio Bernardino de Almeida 431, 4200-072 Porto, Portugal
E-mail: emt@dei.isep.ipp-pt

Philippas Tsigas

Chalmers University of Technology

Department of Computer Science & Engineering
412 96 Goteborg, Sweden

E-mail: tsigas @chalmers.se

Hacene Fouchal

GRIMAAG, Université des Antilles et de Guyane
97157 Pointe-a-Pitre, Guadeloupe, France
E-mail: Hacene.Fouchal @univ-ag.fr

Library of Congress Control Number: 2007940869

CR Subject Classification (1998): C.2.4, D.1.3,D.2.7,D.2.12,D.4.7,C3
LNCS Sublibrary: SL 1 — Theoretical Computer Science and General Issues

ISSN 0302-9743
ISBN-10 3-540-77095-X Springer Berlin Heidelberg New York
ISBN-13 978-3-540-77095-4 Springer Berlin Heidelberg New York

This work is subject to copyright. All rights are reserved, whether the whole or part of the material is
concerned, specifically the rights of translation, reprinting, re-use of illustrations, recitation, broadcasting,
reproduction on microfilms or in any other way, and storage in data banks. Duplication of this publication
or parts thereof is permitted only under the provisions of the German Copyright Law of September 9, 1965,
in its current version, and permission for use must always be obtained from Springer. Violations are liable
to prosecution under the German Copyright Law.

Springer is a part of Springer Science+Business Media
springer.com

© Springer-Verlag Berlin Heidelberg 2007
Printed in Germany

Typesetting: Camera-ready by author, data conversion by Scientific Publishing Services, Chennai, India
Printed on acid-free paper SPIN: 12199679 06/3180 543210



Lecture Notes in Computer Science

Commenced Publication in 1973
Founding and Former Series Editors:
Gerhard Goos, Juris Hartmanis, and Jan van Leeuwen

Editorial Board

David Hutchison

Lancaster University, UK
Takeo Kanade

Carnegie Mellon University, Pittsburgh, PA, USA
Josef Kittler

University of Surrey, Guildford, UK
Jon M. Kleinberg

Cornell University, Ithaca, NY, USA
Friedemann Mattern

ETH Zurich, Switzerland
John C. Mitchell

Stanford University, CA, USA
Moni Naor

Weizmann Institute of Science, Rehovot, Israel
Oscar Nierstrasz

University of Bern, Switzerland
C. Pandu Rangan

Indian Institute of Technology, Madras, India
Bernhard Steffen

University of Dortmund, Germany
Madhu Sudan

Massachusetts Institute of Technology, MA, USA
Demetri Terzopoulos

University of California, Los Angeles, CA, USA
Doug Tygar

University of California, Berkeley, CA,"USA
Moshe Y. Vardi

Rice University, Houston, TX, USA
Gerhard Weikum

Max-Planck Institute of Computer Science, Saarbruecken, Germany

4878



Preface

It is our pleasure to welcome you to the 11th International Conference on Princi-
ples of Distributed Systems (OPODIS 2007), held during December 17-20, 2007,
in Guadeloupe, French West Indies.

During the past years, OPODIS has established itself as one of the most
important events related to principles of distributed computing, networks and
systems. In this year’s edition, we received 106 submissions in response to the call
for papers. Papers were sought soliciting original research contributions to the
theory, specifications, design and implementation of distributed systems, includ-
ing: communication and synchronization protocols; distributed algorithms, mul-
tiprocessor algorithms; distributed cooperative computing; embedded systems;
fault-tolerance, reliability, availability; grid and cluster computing; location- and
context-aware systems; mobile agents and autonomous robot; mobile comput-
ing and networks; peer-to-peer systems, overlay networks; complexity and lower
bounds; performance analysis of distributed systems; real-time systems; secu-
rity issues in distributed computing and systems; sensor networks: theory and
practice; specification and verification of distributed systems; testing and exper-
imentation with distributed systems.

It was a hard task to select the 32 excellent papers that are compiled in
this volume. All submissions received at least three reviews, resulting in an
overall number of more than 350 reviews—involving more than 100 reviewers—
being conducted. An important piece of the process was the Program Committee
electronic meeting held during the week of September 10. It was definitely an
outstanding performance by all 42 Program Committee members and their co-
reviewers. We are convinced that a very good set of papers was selected for
presentation at OPODIS 2007.

This year’s edition also featured two exciting keynote talks by Moti Yung
(Google Inc., USA) and Tarek Abdelzaher (University of Illinois at Urbana-
Champaign, USA). We are grateful that those two distinguished speakers
accepted our invitation to share with us their views.

It would not have been possible to set up this exciting program without
the close cooperation and support of the General Chair, Hacene Fouchal, who
deserves a big share of credit. We would also like to thank Thibault Bernard
for his role as Publicity Chair and on managing both the electronic submission
and reviewing system and OPODIS 2007 Web site, and to the other members of
the Organizing Committee, Céline Butelle, Harry Gros-Désormeaux and Vincent
Levorato.

December 2007 Eduardo Tovar
Philippas Tsigas
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Abstract. Grid monitoring systems collect a substantial amount of information
on the infrastructure’s status in order to perform various tasks, more commonly
to provide a better use of the grid’s entities. Modern computational and data grids
have become very complex by their size, their heterogeneity, their interconnec-
tion. Monitoring systems as any other grid’s tools have to adapt to this evolution.
In this paper we present a decentralized, scalable, and autonomous grid moni-
toring system able to tackle the growths of scale and complexity. System’s com-
ponents communications are hierarchically organized on a peer-to-peer overlay
network. Fresh information is efficiently propagated thanks to an directed gos-
sip protocol that limits the number of message. Automation of key management
operations eases system administration and maintenance. This approach provides
scalability and adaptability. The main properties of our application are presented
and discussed. Performance measurements confirm the efficiency of our system.

1 Introduction

Grid platforms with their ever-growing communication infrastructures and computing
applications become larger and larger, which results in an exponential complexity in
their engineering and maintenance operations. To efficiently handle such large and
complex systems monitoring is necessary. By providing a global view of the system
monitoring tools allow identifying performance problems and assisting in resources
scheduling. Modern large scale systems do not allow anymore centralized organiza-
tions, with hand deployment, configuration, and administration. Automation of key op-
erations must be introduced in such systems to free the administrators and programmers
of many tiresome tasks.

After presenting related work, we propose a grid monitoring system built to address
these challenges. It provides a scalable and portable monitoring of a wide range of enti-
ties connected in distributed systems. This decentralized tool achieves its communica-
tions thanks to a peer-to-peer overlay network. Peer-to-peer has become a popular way
to communicate on grid thanks to its scalability, its decentralization, and its resistance
to faults. It has already proved their efficiency in many aspects of distributed applica-
tions such as embarrassingly parallel computing, persistent and scalable storage, and
especially in file sharing and dissemination. We use a gossip protocol to quickly spread
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information in the entire system. Components of the system are organized as a directed
acyclic graph to guide information from their source to the bases storing the entire
system state. This, combined to over-aged information filtering, reduces the amount of
exchanged messages. Finally we have deployed a first implementation on a real grid
and evaluated performance of our system.

In summary the contributions of this article are (1) the details of the conception of
a decentralized and scalable grid monitoring system in which components are hierar-
chically organized through a directed acyclic graph on a peer-to-peer overlay network
that provides a valuable communication layer thanks to a gossip multicast protocol,
assures good performance on grids, and allows self-management of the system; (2) a
performance evaluation of this system driven in a real large-sized grid. Speed of in-
formation dissemination, age of recorded information, impact of messages limitation,
and dynamic adaptability are examined and discussed. This paper rather focuses on the
fast and decentralized dissemination of information than on other aspects of monitoring
such as sensors implementation or database organization.

The rest of this article is organized as follow: Section2 describes the general
properties of a monitoring system and insists on the specific requirements for grid envi-
ronments. Then it presents related work. Section 3 introduces the architecture for mon-
itoring system on which we based our implementation. Section4 presents our original
communication scheme based on peer-to-peer and what we name a directed gossip pro-
tocol. Then Section 5 details self-management mechanisms introduced in the system
to help scalability and maintenance. Section 6 details the implementation and presents
performance evaluations of the application. Finally Section7 concludes the article and
presents expected future works.

2 Grid Monitoring Systems

The activity of measuring significant resources parameters allows analyzing the usage,
the behavior, and the performance of a cluster or a grid. It also provides Grid monitoring
systems to collect a substantial amount of information on the infrastructure’s status in
order to perform various tasks, more commonly to provide a better use of the grid’s
entities.

Monitoring a system consists of observing events and communicating them to who
are interested in that information. There are commonly two systems on a grid. Accord-
ing to [1], a grid monitoring system manages rapidly changing status information, such
as the load of a CPU or the throughput of a network link. The high dynamicity of data
that a grid monitoring system must handle makes it different from a grid information
system which handles more static data, for instance the hardware configuration of a
node. Although grid infrastructures can benefit a lot from a unified system that handles
both roles. The global knowledge provided by a unified grid monitoring system helps
resource scheduling, allocation and usage: reservation tools can be plugged in order to
distribute resources and guarantee quality of service.

Monitoring dedicated to grids is subject to a growing interest. The recent large grids
do not support anymore efficiently the existing monitoring tools. Most of existing so-
lutions are adaptations of cluster oriented monitoring tools, and then lay to scalability
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and robustness issues. As detailed further the Network Weather Service is built around
a centralized controller, and the Globus Monitoring and Discovery System suffers per-
formance and scalability issues due to its LDAP architecture. On the contrary, the grid
monitoring system we propose is adapted to the grid thanks to its scalability and fault
tolerance ability, and also thank to its autonomous management.

The rest of this section presents a survey about grid monitoring systems and their
potential autonomous mechanisms for configuration and adaptation.

2.1 Network Weather Service (NWS)

The Network Weather Service [2] is a distributed system that periodically monitors
and dynamically forecasts the performance that various network and computational re-
sources can deliver over a given time interval. The components of a NWS resource
monitoring system are: a name server: a centralized controller that keeps a registry of
all components and monitoring activities; sensors that produce resource observations;
memories that store resource observations; and forecasters that process resource obser-
vations. Limits of the NWS architecture come from the presence of the name server. It
introduces bottleneck, single point of failure, and does not embed security mechanism.
Moreover the connections between sensors and the name server are manually managed
by the administrator before starting the system. NWS is hardly applicable to a grid
scale, mostly because of the absence of a real database.

2.2 Globus Monitoring and Discovery System (MDS)

The Monitoring and Discovery System [3] is the information services component of
the Globus Toolkit and provides information about the available resources on the grid
and their status. MDS is based on the Lightweight Directory Access Protocol (LDAP).
The distributed nature of the LDAP architecture is appealing: information is organized
hierarchically, and the resulting tree might be distributed over different servers. In a grid
perspective, the hierarchy often reflects the organization of the grid: from continental
networks to national networks to local networks. Leaves are single resource, like cluster
of computers, single computer or storage element.

However, the LDAP architecture is appropriate to store static information, like the
number of processors in a cluster, or the size of a disk partition. When data are more
frequently changing, the LDAP architecture is a wrong choice: it is unsuitable to sup-
port frequent write operations. Indeed the LDAP Client Update Protocol is based on
the assumption that “data changes, renames, and deletions of large subtrees are very
infrequent” [4]. Under that condition LDAP architecture suffers serious performance
and scalability problems.

2.3 Relational Grid Monitoring Architecture (R-GMA)

The Structured Query Language (SQL) allows manipulation of a relational database.
Several implementations of this database are designed for extremely demanding appli-
cations. They offer a good compromise between the distributiveness, and the cost of



