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Preface

During the past decade, we have observed impressive scientific, technological and
experimental advances in the area of mobile ad hoc networks (MANETs). Although
this emerging network technology is considered one of the main enabler for future
mobile applications, today we are lacking appropriate middleware abstractions that
adequately address the requirement of such challenging environments. Yet, middle-
ware is a critical component needed to leverage the development of a wide range
of applications for MANETS. Such applications range from so-called mobile and
ubiquitous applications to mobile peer-to-peer applications.

The challenges of building middleware for mobile environments are consider-
able. In particular, middleware solutions must abandon the strong assumption that
there exists some underlying networking infrastructure upon which they can rely for
communication. In some sense, this new class of emerging applications, and thus its
supporting middleware, are not only mobile but also network eccentric, meaning
they no longer rely on a network infrastructure at their core. In this context, the
diversity of networking constraints and application requirements promotes the de-
velopment of specialized middleware solutions, which are then hard to re-use in
different contexts. Furthermore, in order to build successful middleware for mobile
ad hoc networks, one requires complementary expertise in the area of distributed
systems, networks, algorithms, programming languages, software engineering, and
application development.

The challenges we just sketched are exactly those addressed in the context of
the ESF MiNEMA (Middleware for Network Eccentric and Mobile Applications)
programme, which brings together European research groups from different com-
munities working on middleware for mobile environments. Along that line, this
book precisely emerged from the idea to have MINEMA experts compile recent
results on middleware for ad hoc networks in a single and consistent volume. For
this reason, the book provides a comprehensive introduction to the main fundamen-
tal problems, technologies, paradigms, and services that developers of middleware
for mobile environments need to know to be successful.
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Content

This book offers a coherent and comprehensive set of tutorials on the main topics
of relevance for the construction of middleware for mobile environments. Contri-
butions have been carefully selected and revised to provide a broad coverage of
MANETs, from networking aspects to application-level aspects. The book structure
has been heavily inspired by the contents of the very successfully thematic schools
organized by the ESF MiNEMA programme.

Presentation

Each chapter is written in a self-contained manner and starts with the identification
of the problem being addressed, followed by a brief discussion of the related work.
Each chapter then proceeds to describe illustrative instances of how the issue has
been addressed in the literature.

The book is planned to serve as a textbook for advanced courses in mobile ad hoc
networking at the graduate level. It is assumed that the reader has some introductory
knowledge on existing networking technology and principles and wants to learn
more about the specific problems posed by mobile ad hoc networks and the current
state of the art in the field.

Organisation

The book is organised in a bottom-up manner and is divided in four main parts,
including basic networking and programming issues, communication models, mid-
dleware issues, and high-level issues that are specific to a certain class of mobile
ad hoc applications. The content of each of these parts and of their respective chap-
ters is sketched hereafter.

Networking and Programming Issues. This part exposes the reader to a set of
fundamental issues related to mobile ad hoc networks that the programmer of
middleware and applications needs to be aware of. These include the need to
make software that is energy-aware, the constraints that exist when program-
ming for mobile devices, how the mobility patters of the devices can be modeled
and, finally, what routing algorithms are available to ensure network connectivity.
Namely:

• In Chap. 1, R. Mini and A. Loureiro address the need to consider energy con-
sumption at every stage of the design and operation of mobile devices. They
discuss the main energy-aware techniques that can be applied to the design of
applications, algorithms and protocols for mobile devices, with emphasis on
wireless sensor networks.
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• Besides general purpose devices like PDAs and laptops, ad hoc networks are
also expected to serve specialised devices, like sensors. These specialised de-
vices impose severe restrictions on developers, making robust programming
quite challenging. In Chap. 2, L. Lopes, F. Martins, and J. Barros, survey the
current state of the art in programming languages and runtime systems for
specialised devices that make up wireless sensor networks.

• Node motion may adversely impact the performance of mobile ad hoc net-
works by breaking routes and disconnecting nodes. In Chap. 3, M. Musolesi
and C. Mascolo present a state-of-the-art survey on the mobility models com-
monly used in networking and systems research.

• Not surprisingly, packet routing was one of the first problems addressed in the
scope of ad hoc routing. It is also one of the most well-studied issues in this
domain. Chapter 4 by F. Araújo and H. Miranda surveys the main existing
routing algorithms under different network and node assumptions, including
the important case where nodes are aware of their own location and can use
this information to route packets.

Communication Models. Depending on the way mobile devices are deployed
and used, different interaction patterns are established among them. A commu-
nication model captures what is common to a representative set of interaction
patterns. Thus, these models make the bridge between networking issues and
middleware-specific issues. The second part of the book gathers chapters pre-
senting key communication models used in ad hoc networks.

• In Chap. 5, J. Aspnes and E. Ruppert introduce a theoretical model for a col-
lection (or population) of tiny mobile agents that interact with one another to
carry out a computation. Their chapter surveys results that describe what can
be computed in various versions of the population protocol model.

• Opportunistic networking relies on the idea of exploiting the mobility of
nodes to provide connectivity in scenarios where the source and destination
nodes might never be connected to the same network at the same time. Rout-
ing issues specific to opportunistic networking are discussed in Chap. 6 by
M. Conti, J. Crowcroft, S. Giordano, J. Crowcroft, P. Hui, H. Nguyen, and A.
Passarella.

• Chapter 7 describes an emerging network architecture, known as mesh net-
work, that is characterised by the partial coverage of the network with in-
frastructure support. That is, a mesh network can be considered as a mix
between a network-centric architecture and a network-eccentric architecture.
This type of networks is discussed in Chap. 7 by J. Ishmael and N. Race.

Middleware Issues. The third part covers different problems that typically solved
ate middleware level, such as efficient broadcast, structured message dissemina-
tion, event dissemination and subscription, distributed coordination, security, and
adaptation. Namely:

• R. Friedman, A.-M. Kermarrec, H. Miranda and L. Rodrigues address in
Chap. 8 the use of gossip-based protocols in mobile ad hoc networks. Gossip-
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based protocols have the advantage of requiring little or no structure to oper-
ate, making them particularly suitable for dynamic systems such as wireless
self-organizing networks.

• In Chap. 9, M. Allani, B. Garbinato and F. Pedone address the problem of
structured dissemination of data, which is usually solved via some application
layer multicast. In particular, the authors show how it is possible to efficiently
disseminate information without forcing nodes to have global knowledge of
their networking environment, typically by relying on some form of overlay
creation and maintenance.

• Chapter 10 by R. Baldoni, L. Querzoni, S. Tarkoma, and A. Virgillito ad-
dresses the issue of achieving scalable information dissemination using the
publish/subscribe paradigm. This paradigm is of particular interest for mobile
ad hoc networks, as it offers both anonymity and asynchrony to communicat-
ing nodes.

• Chapter 11 addresses the implementation of tuple spaces, an abstraction that
supports data sharing and coordination among components of a distributed
system. P. Costa, L. Mottola, A. Murphy, and G. Picco concisely present the
state-of-the-art concerning middleware platforms based on the tuple space ab-
straction and expressly designed for wireless scenarios.

• Mobile device applications can be highly security- or privacy-sensitive, which
is often difficult to ensure due to the inherent limitations of mobile device
platforms. In Chap. 12, B. De Win, T. Goovaerts, W. Joosen, P. Philippaerts, F.
Piessens, and Y. Younan elaborate on possible threats and applicable security
solutions for mobile devices.

• A fundamental characteristic of mobile systems is the variability of their de-
ployment and execution environments. In this context, dynamic adaptation
is an essential technique when it comes to ensure that these systems contin-
ually provide the required level of service, in spite of continuous changes.
In Chap. 13, P. Grace investigates the software techniques for performing
adaptation, as well as the adaptive middleware technologies that have been
used to develop dynamic mobile applications.

Applicative Issues. The last part of the book focuses on aspects that are specific
to some concrete application areas. In particular, we gather here chapters that
discuss issues that are relevant to build context-aware applications, the problem
of self-configuration, cyber foraging, and specific issues in the application area
of vehicular networking.

• The part begins with Chap. 14, where P. Eugster, B. Garbinato, and A. Holzer
address the issue of building context-aware applications, i.e., applications that
can explicitly learn about a part of their deployment and execution context
(individual or social), and act accordingly. The authors focus in particular on
the problem of making context information available to the programmer and
propose a categorization of middleware solutions to this problem.

• Entering an ad hoc network requires some negotiation, for example to en-
sure that each device will own a unique address. Ideally, the negotiation
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should be performed without user intervention, in what is usually called self-
configuration. The problems raised when trying to achieve self-configuration
are addressed by J. Manner in Chap. 15.

• Chapter 16 addresses cyber foraging, the process of opportunistically using
resources available in the surroundings. J. Porras, O. Riva, and M. Kristensen
give an overview of the cyber foraging process, with a special focus on the
challenges that arise in every step of the process, and offer an overview of
some existing prototype systems that support cyber foraging.

• Finally, Chap. 17, by A. Senart, M. Bouroche, V. Cahill and S. Weber, dis-
cusses recent results on vehicular networks and applications. These networks
pose a number of specific challenges, due to the high speed and predefined
movement pattern, as well as to the real-time communication requirements
that are essential to safety applications.

In summary, the present book provides a unique collection of tutorials, which
will allow graduate students in computer science to get familiar with state-of-the-art
researches in mobile ad hoc networks and applications, typically on their road to
doctoral studies.

It is noteworthy that this book was made possible not only thanks to the dedica-
tion and expertise of our contributing authors, many from the ESF MiNEMA pro-
gramme, but also thanks the excellent work done by our reviewers; we wish to thank
them here. Their effort resulted in a book that is an invaluable tool for researchers
and developers working this emerging domain.

September 2008 B. Garbinato, H. Miranda, L. Rodrigues
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