
Preface

The constant improvement in communication technologies and the related dramatic
increase in user demand to be connected anytime and anywhere, to both the wealth
of information accessible through the Internet and other users and communities, have
boosted the pervasive deployment of wireless and wired networked systems.1 These
systems are characterized by the fact of their being large or very large, highly hetero-
geneous in terms of communication technologies, protocols, and services, and very
dynamic, due to continual changes in topology, traffic patterns, and number of active
users and services.

Intelligent and autonomic management, control, and service provisioning in these
complex networks, and in the future networks resulting from their integration and
evolution, require the definition of novel protocols and techniques for all the archi-
tectural components of the network.

In this book we focus on the routing component, which is at the very core of
the functioning of every network since it implements the strategies used by network
nodes to discover and use paths to forward data/information from sources to desti-
nations. An effective design of the routing protocol can provide the basic support
to unleash the intrinsic power of the highly pervasive, heterogeneous, and dynamic
complex networks of the next generation. In this perspective, the routing path selec-
tion must be realized in a fully automatic and distributed way, and it must be dynamic
and adaptive, to take into account the constant evolution of the network state, which
is defined by multiple concurrent factors such as topology, traffic flows, available
services, etc.

The literature in the domain of routing is very extensive. Routing research has
fully accompanied the evolution of networking to constantly adapt the routing pro-
tocols to the different novel communication technologies and to the changes in user
demand. In this book we review routing protocols and algorithms which have been
specifically designed taking inspiration from, and reverse engineering the character-
istics of, processes observed in nature in general and in insect societies in particular.

1 The author would like to sincerely thank Gianni Di Caro for his time and effort in co-
authoring this preface.



X Preface

This class of routing protocols is indeed relatively large. The first notable examples
date back to the beginning of the second half of the 1990s, and a number of fur-
ther implementations rapidly followed the first ones and gained the attention of the
scientific community.

The fact that insect societies have and, in general, nature has served as a ma-
jor source of inspiration for the design of novel routing algorithms can be under-
stood by noticing that these biological systems are characterized by the presence of
a set of distributed, autonomous, minimalist units that, through local interactions,
self-organize to produce system-level behaviors which show life-long adaptivity to
changes and perturbations in the external environment. Moreover, these systems are
usually resilient to minor internal failures and losses of units, and scale quite well
by virtue of their modular and fully distributed design. All these characteristics, both
in terms of system organization and resulting properties, meet most of the necessary
and desired properties of routing protocols for next-generation networks. This fact
makes it potentially very attractive to look at insect societies to draw inspiration for
the design of novel routing protocols featuring autonomy, distributedness, adaptivity,
robustness, and scalability. These are desirable properties, not only in the domain of
network routing, but also in a number of other domains. As a matter of fact, in the
last 20 years, collective behaviors of insect societies related to operations such as for-
aging, labor division, nest building and maintenance, cemetery formation, etc. have
provided the impetus for a growing body of scientific work, mostly in the fields of
telecommunications, distributed systems, operations research, and robotics. Behav-
iors observed in colonies of ants and of termites have fueled the large majority of
this work. In this book, however, we focus our attention on bee colonies that since
the beginning of our research have been attracting a growing interest.

All the algorithms that will be discussed in the book are characterized by the
fact of their being composed by a potentially very large number of autonomous and
fully distributed controllers, and of having been designed according to a bottom-up
approach, relying on basic self-organizing abilities of the system. These character-
istics, together with the biological inspiration from behaviors of insect societies, are
the very fingerprints of the Swarm Intelligence (SI) paradigm.

These peculiar design guidelines contrast with those of the more common top-
down approach followed for the design of the majority of “classical” routing proto-
cols. In typical top-down design a centralized algorithm with well-known properties
is implemented in a distributed system. Clearly, this requires us to modify the orig-
inal algorithm to cope with the intrinsic limitations of a distributed architecture in
terms of full state observability and delays in the propagation of the information.
The main effect of these modifications is that several properties of the original algo-
rithm do not hold anymore if the network dynamics is non-stationary, which is the
most common case. Still, it is relatively easy to assert some general formal properties
of the system.

On the other hand, with the bottom-up approach, the design starts with the def-
inition of the behavior and interaction modalities of the individual node with the
objective of obtaining the wanted global behavior as the result of the joint actions of
all nodes interacting with one another and with the environment at the local level. It
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is, in general, “easier” to follow a bottom-up approach, and the resulting algorithm is
usually more flexible, scalable, and capable of adapting to a variety of different situ-
ations. This is precisely the case for SI protocols and our bee-inspired routing proto-
cols that we will discuss in this book. The negative aspect of this way of proceeding
is that it is usually hard to state the formal properties and the expected behavior of
the system.

In this book we follow a presentation style that nurtures the cognitive faculties of
a reader in such a manner that he becomes a curious traveler in an adventurous jour-
ney that takes him from nature to networks. We expect him to ask himself questions
during this adventure: (1) What is the correlation between nature and networks? (2)
How do bees in nature provide inspiration for bee agents? (3) What are the pecu-
liar characteristics of bee agents? (4) Can we utilize tools of mathematics to model
behavior of bee agents? (5) How do we develop testing theaters to appreciate the
role of bee agents in different acts? (6) How can we engineer nature to develop sys-
tems that can be deployed in the real world? We feel most of these questions will be
answered sooner or later in the book. We believe that the book will also reveal un-
conventional design philosophies to classical networking researchers and engineers,
who will appreciate the importance of cross-fertilization of concepts from nature for
engineering. We call this discipline Natural Engineering, in which nature and its
principles are used as a driving impulse to raise the awareness and the consciousness
of a designer. This principle is also at the center of Bionics research.
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