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                                Abstract 
Bio-Inspired Algorithms are inspired by a variety of 
biological and natural processes that had been observed 
over years. The popularity of the Bio-Inspired Algorithms 
is primarily caused by the ability of biological and natural 
systems to effectively adjust to frequently changeable 
environment. For e.g.: Evolutionary computation, neural 
networks, ant colony optimization, particle swarm 
optimization, artificial immune systems and bacteria 
foraging algorithm are the algorithms and concepts that 
were motivated by nature. 
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1. Introduction 
Biologically inspired (often hyphenated as 
biologically-inspired) computing (also bio-inspired 
computing) is a field of study that loosely knits 
together subfields related to the topics of 
connectionism, social behaviour and emergence. It is 
often closely related to the field of artificial 
intelligence, as many of its pursuits can be linked to 
machine learning. It relies heavily on the fields of 
biology, computer science and mathematics [1]. It is 
the use of computers to model nature, and 
simultaneously the study of nature to improve the 
usage of computers. Biologically inspired computing 
is a major subset of natural computation [1]. 

 

2. Bio-Inspired Networking: 
Overview Of Challenges And 
Fundamental Analogies[2] 

We concentrate on the application domains of bio-
inspired solutions to problems related to 
communication and networking. 

 

Figure 1: Bio-inspired networking in relation to the 
entire field of bio-inspired[2] 

As shown in Figure 1, three main areas of bio-
inspired research can be distinguished: 

• Bio-inspired computing represents a class of 
algorithms focusing on efficient computing, 
e.g., for optimization processes and pattern 
recognition. 

• Bio-inspired systems constitute a class of 
system architectures for massively 
distributed and collaborative systems, e.g., 
for distributed sensing and exploration. 

• Bio-inspired networking is a class of 
strategies for efficient and scalable 
networking under uncertain conditions, e.g., 
for autonomic organization in largely 
distributed systems. 

Even though bio-inspired computing and system 
design have already become widely visible, for 
example, neuronal networks have been thoroughly 
studied and successfully applied in many places, the 
application domain of bio-inspired networking is a 
rather new one that is emerging from early studies 
into well-understood and carefully investigated 
solutions. There exist many challenges for the 
realization of the existing and the envisioned next 
generation network architectures [3]. 
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Among others, three examples should be named: The 
dynamic nature of mobile ad hoc networks and 
cognitive radio networks in terms of node behaviors, 
traffic and bandwidth demand patterns, channel and 
network conditions need to be handled using 
completely new approaches. Thus, communication 
techniques that are inherently adaptive to the highly 
dynamic network conditions must be developed for 
the next-generation network architectures. 

A second major challenge is the demand for 
infrastructureless and autonomous operation. As 
network dimensions are amplified both spatially and 
in terms of the number of nodes, centralized control 
of communication becomes impractical. On the other 
hand, some networks are by definition free from 
infrastructure such as wireless ad hoc networks, 
Delay Tolerant Networks (DTNs), Wireless Sensor 
Networks (WSNs). At the same time, communication 
networks are subject to failure either by device and 
link malfunction or misuse of their capacity. 
Considering the dynamic nature and lack of 
infrastructure, networks must have capabilities of 
self-organization [4], self evolution, and survivability 
to be able to continuously provide their services. 

Furthermore, communication and networking in 
micro and nano scales are imperative to enable micro 
and nano devices to cooperate, and hence, 
collaboratively realize certain common complex tasks 
which cannot individually be handled [3]. On the 
other hand, conventional communication 
technologies such as electromagnetic wave, acoustic, 
are inapplicable at these scales due to antenna size 
and channel limitations. Furthermore, the 
communication medium and channel characteristics 
also show important deviations from the traditional 
cases due to the rules of physics governing these 
scales. Effective, practical, and naturally existing 
communication paradigms must be researched and 
adopted for networking at these scales. These 
challenges may ultimately be addressed by bio-
inspired solutions since similar problems and their 
naturally evolved biological solution approaches also 
exist for these networking paradigms. In fact, as a 
result of millions of years of evolution, biological 
systems and processes have intrinsic appealing 
characteristics.  

3. Approaches to Bio-Inspired 
Networking 

In this section, we introduce the current state-of-the-
art in bio-inspired networking techniques. 

3.1 Swarm Intelligence and Social Insects 
Swarm behavior is one of the main characteristics of 
different colonies of social insects (bees, wasps, ants, 
termites). This type of behavior is first and foremost 
characterized by autonomy, distributed functioning 
and self-organizing. Swarm Intelligence is the area of 
Artificial Intelligence that is based on study of 
actions of individuals in various decentralized 
systems. When creating Swarm Intelligence models 
and techniques, researchers apply some principles of 
the natural swarm intelligence [5]. 
 
The difference between the wireless network of an 
insect population and an engineered wireless sensor 
network is that insects encode messages with semi 
chemicals rather than with radio frequencies. 
Application examples of the bees’ dance range from 
routing to intruder detection [6]. Another typical 
example is the communication between ants for 
collaborative foraging. We discuss the Ant Colony 
Optimization (ACO) and its application for routing, 
task allocation, and search in peer-to-peer networks 
in the following. 
 

i. Ant Colony Optimization [2] 
Ant Colony Optimization (ACO) is perhaps the best 
analyzed branch of swarm intelligence based 
algorithms. In general, swarm intelligence is based on 
the observation of the collective behavior of 
decentralized and self-organized systems such as ant 
colonies, flocks of fishes, or swarms of bees or birds 
[7]. Such systems are typically made up of a 
population of simple agents interacting locally with 
one another and with their environment. 
 
In most cases, swarm intelligence based algorithms 
are inspired by the behavior of foraging ants [7]. Ants 
are able to solve complex tasks by simple local 
means. There is only indirect interaction between 
individuals through modifications of the 
environment, e.g. pheromone trails are used for 
efficient foraging. Ants are ‘‘grand masters” in 
search and exploration. 
 
ACO is based on the principles of the foraging 
process of ants. Ants perform a random search 
(random walk) for food. The way back to the nest is 
marked with a pheromone trail. If successful, the ants 
return to the nest (following their own trail). While 
returning, an extensive pheromone trail is produced 
pointing towards the food source. Further ants are 
recruited that follow the trail on the shortest path 
towards the food. The ants therefore communicate 
based on environmental changes (pheromone trail), 
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i.e. they use stigmergic communication techniques 
for communication and collaboration. 
 

ii. Stochastic Diffusion Search [1] 
Stochastic Diffusion Search or SDS is an agent based 
on probabilistic global search and optimization 
technique best suited to problems where the objective 
function can be decomposed into multiple 
independent partial-functions. Each agent maintains a 
hypothesis which is iteratively tested by evaluating a 
randomly selected partial objective function 
parameterized by the agent's current hypothesis. In 
the standard version of SDS such partial function 
evaluations are binary resulting in each agent 
becoming active or inactive. Information on 
hypotheses is diffused across the population via inter-
agent communication. Unlike the stigmergic 
communication used in ACO, in SDS agents 
communicate hypotheses via a one-to-one 
communication strategy analogous to the tandem 
running procedure observed in some species of ant. A 
positive feedback mechanism ensures that, over time, 
a population of agents stabilize around the global-
best solution. SDS is both an efficient and robust 
search and optimization algorithm, which has been 
extensively mathematically described. 
 

iii. Particle Swarm Optimization 
(PSO)[11] 

Particle swarm optimization (PSO) was first 
introduced by Kennedy and Eberhart [8,9]. It is a 
relatively new stochastic optimization technique that 
can simulate the swarm behavior of birds flocking. In 
PSO, an individual in the swarm, called a particle, 
represents a potential solution. Each particle has a 
fitness value and a velocity, and it learns the 
experiences of the swarm to search for the global 
optima [10]. Traditional PSO can be depicted in Fig. 
1. They include (1) particle initialization, (2) velocity 
updating, (3) particle position updating, (4) memory 
updating, and (5) termination checking. These steps 
are described as follows. 
 

 

Figure 2: Procedures for particle swarm optimization 

 

iv. Consultant-Guided Search[13] 
Consultant-Guided Search (CGS) is a new 
metaheuristic algorithm for solving combinatorial 
optimization problems. CGS takes inspiration from 
the way people make decisions based on suggestion 
received from consultants. In CGS Virtual persons 
represent as agents, which collaboratively solve 
complex combinatorial optimization problems. It is a 
population-based method. An individual of the CGS 
population is a virtual person, which can 
simultaneously act both as a client and as a consultant 
[12].  
 

At the beginning of each iteration, a client chooses a 
consultant based on its personal preference and on 
the consultant’s reputation. The reputation of a 
consultant increases with the number of successes 
achieved by its clients. A client achieves a success, if 
it constructs a solution better than all solutions found 
until that point by any client guided by the same 
consultant. Each time a client achieves a success, the 
consultant adjusts its strategy in order to reflect the 
sequence of decisions taken by the client. The exact 
details of how reputation and personal preference are 
used in order to select a consultant are specific to 
each application of CGS to a particular class of 



International Journal of Engineering, Applied and Management Sciences Paradigms, Vol. 01, Issue 02, March 2013  
ISSN (Online): 2320-6608  
www.ijeam.com 

IJEAM  
www.ijeam.com 

52 
 

problems. Because the reputation fades over time, a 
consultant needs that its clients constantly achieve 
successes, in order to keep its reputation. If the 
consultant’s reputation sinks below a minimum 
value, it will take a sabbatical leave, during which it 
will stop offering advice to clients and it will instead 
start searching for a new strategy to use in the 
future[12,13]. 

v. Artificial Immune System[2] 
The term Artificial Immune System (AIS) 
belongs to a terminology that refers to adaptive 
systems inspired by theoretical and experimental 
immunology with the goal of problem solving 
[14]. The primary goal of an AIS, which is 
inspired by the principles and processes of the 
mammalian immune system, is to efficiently 
detect changes in the environment or deviations 
(non-self) from the normal system behavior 
(self) in complex problems domains, and to 
automatically memorize these characteristics. 
An AIS basically consists of three parts, which 
have to be worked out in the immune 
engineering process [14]: 

• Representations of the system 
components, i.e., the mapping of 
technical components to antigens and 
antibodies. 

•  Affinity measures, i.e., mechanisms to 
evaluate interactions (e.g., stimulation 
pattern and fitness functions) and the 
matching of antigens and antibodies. 

•  Adaptation procedures to incorporate 
the system’s dynamics, i.e., genetic 
selection. 
 

4. Conclusion 
Bio-inspired approach is an emerging field in 
problem solving techniques. Bio-inspired 
algorithms have the unique feature of being 
highly decentralized, bottom-up, adaptable and 
flexible, thus providing elegant solutions to 
engineering problems that are constrained by 
rigid limitations that traditional approaches pose. 

These algorithms are being progressively used 
and adapted to various real life situations and 
problems. In this paper, we have explored the 
Bio-Inspired approach and analyzed its 
importance by way of an illustration. Bio-
Inspired techniques can be used as a problem 
solving technique. This paper addresses the 
difference between conventional approaches to 
problem solving and Bio-Inspired approaches. 
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