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Guest Editorial
Bio-Inspired Networking

T echnology is taking us to a world where myriads of heav-
ily networked devices interact with the physical world in
multiple ways, and at multiple scales, from the global Internet
scale down to micro- and nano-devices. Many of these devices
are highly mobile and autonomous, and must adapt to the sur-
rounding environment in a totally distributed and unsupervised
way. fundamental research challenge is the design of robust
decentralized computing systems, which are capable of operat-
ing under changing environments, and yet exhibit the desired
behavior and response time, under unpredictable operating
constraints, such as traffic demand, energy consumption, size,
and processing power. These systems should be able to adapt
and learn how to react to unforeseen scenarios, as well as to
display desired emergent properties.

Biological systems are able to handle such challenges with an
efficiency far beyond current human artifacts. Based on this
observation, recently a number of approaches inspired by biolog-
ical mechanisms and phenomena have been proposed as a strate-
gy to handle the complexity of massively distributed systems such
as the Internet, or wireless ad hoc and sensor networks. The goal
of such bio-inspired approaches is to discover and to enhance
methods for engineering technical solutions presenting a similar
high stability and efficiency as biological entities often have.

In the last few years, especially the networking and commu-
nication areas benefited from bio-inspired research solutions.
As the existing research shows, bio-inspired approaches are a
fruitful direction in networking and communications. This
JSAC special issue highlights the latest achievements in this
new research domain, emphasizing different approaches as
learned from the biological world and applied to the develop-
ment of human artifacts. In particular, this special issue focus-
es on methodologies used to identify relevant biological mech-
anisms, the modeling of these mechanisms, and their applica-
tion to artificial technical solutions.

In the context of this JSAC special issue, we considered all
techniques with direct biological background including animal
learning strategies, self-organizing methods as observed from
swarms down to nano-structures observed and analyzed in
molecular biology. In response to our call for papers, we
received papers studying a wide variety of problems in net-
working based on biologically-inspired solutions. In particular,
the following areas have been investigated: epidemics, ant
colony optimization and swarm intelligence, pulse coupled
oscillators, population dynamics, and nano-communication.

In the paper “Modeling Broadcasting Using Omnidirectional
and Directional Antenna in Delay Tolerant Networks as an
Epidemic Dynamic,” the authors study broadcasting of informa-
tion in a system of moving agents equipped with omnidirection-
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al as well as directional antennas. The agent communication
protocol is inspired by the epidemics dynamics.

Ant colony optimization is used in the paper “Routing and
Wavelength Assignment with Crankback Re-Routing
Extensions by Means of Ant Colony Optimization.” In partic-
ular, it is shown that crankback re-routing extensions can offer
significant improvements in the successful setup of Label
Switched Paths (LSPs) by allowing new retries on alternate
paths that circumvent blocked links or nodes. Exploiting con-
cepts of ant colony optimization, these extensions can be
incorporated into a fully-distributed algorithm.

Again focusing on optical networks, the paper “An Ant-
Based Algorithm for Distributed Routing and Wavelength
Assignment in Dynamic Optical Networks” proposes the use
of an ant colony optimization algorithm to solve the intrinsic
problem of routing and wavelength assignment on wavelength
continuity constraint optical networks. The main advantage of
the protocol is its distributed nature, which provides higher
survivability to network failures or traffic congestion.

In the paper “Phero-Trail: A Bio-Inspired Location Service
for Mobile Underwater Sensor Networks,” the authors propose
a bio-inspired location service called a Phero-Trail location
service protocol for application in a SEA Swarm (Sensor
Equipped Aquatic Swarm). A SEA Swarm is a collection of
mobile underwater sensors that moves as a group with water
current and enables monitoring of local underwater events
such as contaminants and intruders. In Phero-Trail, location
information is stored in a SEA Swarm, and a mobile sink uses
its trajectory like a pheromone trail of ants.

The concept of pulse coupled oscillators has been used in
the paper “Bio-Inspired Algorithms for Decentralized Round-
Robin and Proportional Fair Scheduling.” The authors consid-
er the development of decentralized scheduling in a small net-
work of self-organizing devices that are modeled as pulse-cou-
pled oscillators. By appropriately designing the dynamics of
the oscillators, the network of devices can converge to a desyn-
chronous state where the nodes naturally separate their trans-
missions in time.

Population dynamics have been studied in “A Population
Based Approach to Model the Lifetime and Energy
Distribution in Battery Constrained Wireless Sensor
Networks.” The authors present a general framework to model
the availability of power at sensor nodes as a function of time,
based on models for population dynamics in biological studies.

In the paper “Dynamic Conjectures in Random Access
Networks Using Bio-Inspired Learning,” the authors consider
a distributed learning approach that enables autonomous nodes
to independently optimize their transmission probabilities in
random access networks.

Finally, the field of nano-communication has been studied.
In the paper “A Physical Channel End-to-End Model for
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Molecular Communication in Nanonetworks,” molecular com-
munication is addressed as one of the most promising para-
digms for nanonetworks. The objective of this paper is the
development of a physical channel model for molecular com-
munication. The nanonetwork physical channel model is stud-
ied as the composition of three subsequent modules, namely,
the transmitter, the signal propagation and the receiver.

In the paper “A New NanoNetwork Architecture using
Flagellated Bacteria and Catalytic Nanomotors,” molecular
communication is investigated, where the information is
encoded as molecules that are transported between nano-scale
devices within different distances. Two new communication
techniques, flagellated bacteria and catalytic nanomotors, are
proposed to cover medium range communication. Both tech-
niques are based on the transport of DNA encoded information
between emitters and receivers by means of a physical carrier.

We are content that the selected papers highlight some of
the best and most innovative ideas in the upcoming field of
bio-inspired networking. They can be seen as excellent starting
points for future research in this emerging area in networking.
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