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Preface

This volume is dedicated largely to the performance-oriented design of modern
computer networks, both wired and wireless. It is the consequence of the Tutorial
Session which was held on 12th October 2003, preceeding the IEEE Computer
Society’s Symposium on Modeling, Analysis and Simulation of Computer and
Telecommunication Systems, held in Orlando, Florida. In addition to the core
tutorial presentations, which covered both advances in network quality of service
(QoS) and in performance evaluation methodology, we felt that it would be
useful to assemble a volume in the Lecture Notes in Computer Science series
which would also include specific application areas of performance modeling and
measurements. Thus the current volume includes three parts:

– a first part that specifically addresses performance and QoS of modern wired
and wireless networks;

– a second one that discusses current advances in performance modeling and
simulation; and

– a final part that addresses other specific applications of these methodologies.

The network-oriented portion of the volume itself comprises three complemen-
tary topics:

– a first group of chapters deals with novel designs and new issues related to
broad-based network performance and QoS, without limitations concerning
the connection technologies that are being used;

– a second group addresses the wireless context; and
– a final grouping of contributions considers the topic of wireless ad hoc net-

works more specifically.

The part of the volume dealing with methodologies discusses the software spe-
cification of models, the use of certain formalisms such as Petri nets, and some
recent advances in simulation. Finally, the third part of the volume discusses
other performance applications related to scheduling and to specific architectu-
res.

The first paper in the part on general networking issues provides a useful sur-
vey of Content Delivery Networks which is of great current interest. The second
paper also addresses a question of major importance concerning the modeling of
computer virus propagation. Electronic mail still remains central to the role of
networks, and the performance of mail systems is addressed in a third paper. The
research represented in these three contributions was supported via the national
Italian research project FIRB–PERF on computer and network performance.
These papers are followed by a novel packet network protocol design, the Co-
gnitive Packet Network (CPN), which provides QoS-driven routing in wired and
wireless networks; this paper also gives detailed measurement results concerning
user performance and QoS obtained in an experimental CPN testbed. Issues of
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network reliability and path restoration in mesh networks are discussed in the
fifth paper.

The integration of wireless and wired networks and the use of novel wireless
systems as they become available is discussed first in a contribution on the
wireless internet and then also in a contribution on the performance of systems
that exploit 2.5/3G wireless. The role of the IP protocol in the wireless context
is also examined in a separate paper.

Ad hoc wireless networks are discussed in a set of three papers, the first of
which examines the role of peer-to-peer computing in this context, followed by
another contribution that studies the role of multipath routing. A review of ad
hoc wireless algorithm designs is presented in the third paper covering this area.

The section on performance evaluation methodologies begins with a paper on
performance management which discusses certain general issues related to QoS
in systems. The combination of UML and Petri nets is discussed in a second
paper, while a novel extension to the performance evaluation tool PEPA so as to
include the possibility of evaluating computer networks is discussed in the third
paper of this group. A contribution on the use of simulation within a visually
“true” augmented reality environment completes the set of methodologically
oriented papers.

This volume closes with two papers on significant scheduling problems, the
first in the area of distributed systems, and the second on mass memories and
disk arrays.

We believe that this volume constitutes a very useful tool for both the prac-
titioner and the researcher. To the practitioner we offer a set of comprehensive
pointers to performance and QoS issues and we feel that the didactic style and
the numerous references provided in each paper can be of great use in under-
standing how the field can help solve practical problems. For the researcher, we
have consciously selected a set of contributions not only for their research value
but also for their novelty and use in identifying areas of active research where
much further work can be done.

February 2004 Maria Carla Calzarossa
Erol Gelenbe



Table of Contents

A Walk through Content Delivery Networks . . . . . . . . . . . . . . . . . . . . . . . . . 1
Novella Bartolini, Emiliano Casalicchio, Salvatore Tucci

Computer Virus Propagation Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
Giuseppe Serazzi, Stefano Zanero

Performance Evaluation of Mail Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
Maria Carla Calzarossa

CPN and QoS Driven Smart Routing in Wired and
Wireless Networks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

Erol Gelenbe, Ricardo Lent, Michael Gellman, Peixiang Liu, Pu Su

Modeling and Simulation of Mesh Networks with Path Protection
and Restoration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88

Hassan Naser, Hussein T. Mouftah

Wireless Internet: Protocols and Performance . . . . . . . . . . . . . . . . . . . . . . . . . 118
Carey Williamson

Performance Models for 2.5/3G Mobile Systems and Networks . . . . . . . . . 143
Khalid Al-Begain

IP-Oriented QoS in the Next Generation Networks: Application to
Wireless Networks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 168

P. Lorenz

Peer-to-Peer Computing in Mobile Ad Hoc Networks . . . . . . . . . . . . . . . . . . 187
Alexander Klemm, Christoph Lindemann, Oliver P. Waldhorst

Multipath Routing in Mobile Ad Hoc Networks:
Issues and Challenges . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 209

Stephen Mueller, Rose P. Tsang, Dipak Ghosal

Algorithmic Design for Communication in Mobile Ad Hoc Networks . . . . . 235
Azzedine Boukerche, Sotiris Nikoletseas

Performance Management in Dynamic Computing Environments . . . . . . . 254
Gabriele Kotsis

Software Performance Modeling Using UML and Petri Nets . . . . . . . . . . . . 265
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