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Abstract: In   this paper we present a much researched topic i.e. Swarm intelligence [SI]. A new way of organizing the 
techniques derives from increased social interactions and networking among community members. These members join 
together in self organizing groups where opinions are forming by social swarming. One of such technique is Swarm 
Intelligence[SI] being an emergent one which is used in the field of data mining, machine learning, soft computing, and 
artificial intelligence. Many algorithms regarding the shortest path and optimization problems   solely depend on swarm 
intelligence techniques. The approach to swarm intelligence solves almost all the problems and widely applicable in many 
fields which are explained in detail in this paper. 
 
Keywords-Emergent Behaviour, Collective, Optimization 
 
 
I. INTRODUCTION: 
 
Swarm intelligence is the discipline that deals with 
natural and artificial systems composed of many 
individuals that coordinate using decentralized 
control and self-organization. In particular, the 
discipline focuses on the collective behaviours that 
result from the local interactions of the individuals 
with each other and with their environment. It is the 
problem solving ability that emerges in the 
interactions of simple information processing units. 
The concept of a swarm suggests multiplicity, 
stochasticity, randomness and messiness, and the 
concept of intelligence suggests that the problem- 
solving method is somehow successful. The 
information- processing units that comprise a swarm 
can be animate, mechanical, computational, or 
mathematical; they can be insects, birds or human 
beings; they can be array elements, robots or 
standalone workstations; they can be real or 
imaginary. Their coupling can have a wide range of 
characteristics, but there must be interaction among 
the units. 

 
Fig1: Swarm Intelligence 

 
 
Examples (real life natural phenomenon): 
*group foraging of social insects 
*cooperative transportation 
*division of labour 
*nest-building of social insects 
*collective sorting and clustering 
  Examples of swarm intelligence: 

  i) Clustering Behaviour of Ants   
 ii)Nest Building Behaviour of Wasps and Termites  
 iii) Flocking and Schooling in Birds and Fish  
IV) Ant Colony Optimization  
V) Particle Swarm Optimization  
VI) Swarm-based Network Management  
Vii) Cooperative Behaviour in Swarms of Robots  
Viii) Stochastic Diffusion Search  
Ix) Clustering Behaviour  
 
II. WHAT IS SWARM INTELLIGENCE (SI):  
 

 
Fig 2: Swarm Intelligence??? 

 
Definition 1:  Swarm Intelligence indicates a recent 
computational and behavioural metaphor for solving 
distributed problems that originally took its 
inspiration from the biological examples provided by 
social insects (ants, termites, bees, wasps) and by 
swarming, flocking, herding behaviours in 
vertebrates. 
Definition 2: Swarm intelligence (SI) deals with 
collective behaviours that result from the local 
interactions of individual components with each other 
and with their environment. 
Definition 3:  The emergent collective intelligence of 
groups of simple agents. 
Definition 4:  Swarm intelligence (SI) is the 
collective behaviour of decentralized, self-organized 
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systems, natural or artificial. The concept is 
employed in work on artificial intelligence. 
Definition 5: Swarm Intelligence is a property of 
systems of non-intelligence robots exhibiting 
collectively intelligence behaviour. 
Definition 6: Swarm intelligence is the term used to 
denote artificial intelligence systems where collective 
behaviour of simple agents causes coherent solutions 
or patterns to emerge. A population of 
unsophisticated agents interacting with their 
environments and each other makes up a swarm 
intelligence system. Because there is no set of global 
instructions on how these units act, the collective 
interactions of all the agents within the system often 
leads into some sort of collective behaviour or 
intelligence. This type of artificial intelligence is used 
to explore distributed problem solving without having 
a centralized control structure. 
Definition 7: Swarm intelligence is the discipline that 
deals with natural and artificial systems composed of 
many individuals that coordinate using decentralized 
control and self-organization. In particular, the 
discipline focuses on the collective behaviours that 
result from the local interactions of the individuals 
with each other and with their environment. 
Definition 8: Swarm intelligence is a method which 
allows decentralized, self-organized systems with 
relative simple single   agents   to   solve   complex   
problems and   tasks together, which neither agent 
could alone.  
Definition 9 : swarm intelligence can be defined as a 
phenomenon which arises from the social structure of 
interacting agents over a period of time if the sum of 
the problems solved collectively is higher than the 
sum of the problems solved individually. 
*Examples of systems of swarm intelligence are as 
follows: colonies of ants and termites, schools of fish, 
flocks of birds, herds of land animals. The domain of 
swarm intelligence also contains some human 
artefacts, like some multi-robot systems, and also few 
computer programs that are written to handle 
optimization and data analysis problems. 
 
III. HISTORY OF SWARM INTELLIGENCE  
 
A.     First implementation: 
Swarm intelligence was actually first implemented by 
the earliest living organisms of our planets: Bacteria. 
Bacteria are one-cell organisms, using swarm-
intelligence to communicate and coordinate 
themselves with a chemical language and specialized 
enzymes and receptors. Bioluminescence, for 
example, works like this: Bacteria can detect the 
distance of conspecifics, and start to give light only if 
there are many of them very close to each other.   
Else no light.  Another example of swarm intelligence 
in bacteria is their coordinated attacks on other 
organisms, where single bacteria would not have any 
chance for success. Furthermore, bacteria can 
communicate across species. In the 1950s, scientists 
started to conduct research about how social animals 

and insects such as bees, ants, termites, etc.  are 
communicating and  coordinating themselves. One of 
the first researchers in this field was French biologist 
Grassé, identifying a structured approach in the 
seemingly chaotic nest-building process of termites. 
This area of research continued as a niche until the 
1970s, when ARPA financed research projects on the 
first multi- agent systems with the Hearsay-II 
blackboard project. In this  decade  the  "Actor  
Model"  was  invented  by  Carl Hewitt, Peter Bishop 
und Richard Steiger, providing a mathematical  
model  which  perceives  single  actors  as smallest 
parts in a system. In this model, actors could respond 
to "Messages" by 
*Making a decision  
*Creating new actors  
*Sending out messages 
*Preparing an answer for the next message 
The Actor Model has become the foundation of many 
algorithms and frameworks for the development of 
multi- agent systems. 
 
B.   More Interest and Broader Research: 
The Multi-Agent Systems Lab at University of 
Massachusetts at Amherst held the first workshop on 
"distributed artificial intelligence" in 1980, which 
was officially establishing this new are of science and 
research. A special edition of the "IEEE Transactions 
of Systems, Man and Cybernetics" on this topic has 
been published in1981, sparking even broader interest 
in the scientific community. Scientists could first 
successfully simulate the nest-building behaviour of 
termites in 1991, implementing a number of simple 
algorithms (Deneubourg 1992) 
 
C.   Multi Agent Systems: 
In the 1990s, the research area "distributed artificial 
intelligence" was replaced by the broader field 
"multi-agent systems". In these years many projects 
were carried out with successful simulations of 
behaviour of ants, as well as first the development of 
early systems to use in logistics, e- commerce, real-
time monitoring and web-searches, as well as in 
movies, computer games, the finance industry and 
robotics. Software Agents are computer programs 
able of a certain degree of individual behaviour. 
Characteristics include   autonomy (of   user   
interactions),   proactivity (triggers actions on its 
own), reactivity (reacts to changes in the 
environment), and sociality (communicating with 
other agents). Furthermore, agents have only a local 
view and often the ability to learn of previous 
communications and/or environmental changes.  
Multi-Agent Systems are systems of similar, possibly 
specialized entities, which are able to collectively 
solve problems. 
There was a need to build up an artificial system 
composed of many individuals coordinating using 
decentralized control and self organization. Hence 
such need led to the development of swarm 
intelligence techniques in 1977 which focuses on 
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collective behaviours that result from local 
interactions of individuals with each other and 
environment. 
 
IV. TAXONOMY OF SI: 
 
Swarm intelligence has a marked multidisciplinary 
character since systems with the above mentioned 
characteristics can be observed in a variety of 
domains. Research in swarm intelligence can be 
classified according to different criteria. 
Natural vs. Artificial: 
 It is customary to divide swarm intelligence research 
into two areas according to the nature of the systems 
under analysis. We speak therefore of natural swarm 
intelligence research, where biological systems are 
studied; and of artificial swarm intelligence, where 
human artifacts are studied. 
Scientific vs.  Engineering:  
An alternative and   somehow more informative 
classification of swarm intelligence research can be 
given based on the goals that are pursued: we can 
identify a scientific and an engineering stream. The 
goal of the scientific stream is to model swarm 
intelligence systems and to single out and understand 
the mechanisms that allow a system as a whole to 
behave in a coordinated way as a result of local 
individual-individual and individual-environment 
interactions. On the other hand, the goal of the 
engineering stream is to exploit the understanding 
developed by the scientific stream in order to design. 
The two dichotomies natural/artificial and 
scientific/engineering are orthogonal: although the 
typical scientific investigation concerns natural 
systems and the typical engineering application 
concerns the development of an artificial system, a 
number of swarm intelligence studies have been 
performed with swarms of robots for validating 
mathematical models of biological systems. These 
studies are of a merely speculative nature and 
definitely belong in the scientific stream of swarm 
intelligence. On the  other  hand, one  could influence  
or modify the  behaviour of the  individuals in  a  
biological swarm so that a new swarm-level 
behaviour emerges that is somehow functional  to  the  
solution  of  some  task  of practical interest. In this 
case, although the system at hand is a natural one, the 
goals pursued are definitely those of an engineering 
application. 
The following four cases may be possible using the 
above criteria - 
*Natural/Scientific 
*Artificial/Scientific  
*Natural/Engineering  
*Artificial/Engineering 
One example for each of the above cases : 
 
A.    Natural/Scientific: Foraging Behaviour of 
Ants  
In a now classic experiment done in 1990, 
Deneubourg  and his group showed that, when given 

the choice between two paths of different length 
joining the nest  to  a  food  source,  a  colony  of  
ants  has  a  high probability to collectively choose 
the shorter one. Deneubourg   has shown that this 
behaviour can be explained via a simple probabilistic 
model in which each ant decides where to go by 
taking random decisions based on the intensity of 
pheromone perceived on the ground, the pheromone 
being deposited by the ants while moving from the 
nest to the food source and back . 
 
B.   Artificial/Scientific: Clustering by a Swarm of 
Robots 
Several ant species cluster corpses to form 
cemeteries. Deneubourg et al. (1991) were among the 
first to propose a distributed probabilistic model to 
explain this clustering behaviour. In their model, ants 
pick up and drop items with probabilities that depend 
on information on corpse density which is locally 
available to the ants. J.Kennedy    have programmed a 
group of robots to implement a similar clustering 
behaviour demonstrating in this way one of the first 
swarm intelligence scientific oriented studies in 
which artificial agents were used. 
 
C.   Natural/Engineering: Exploitation of 
collective behaviours of animal societies 
A possible development of swarm intelligence is the 
controlled exploitation of the collective behaviour of 
animal societies. No example is available in this area 
of swarm intelligence although some promising 
research is currently in progress: For example, in the 
Leurre project, small insect-like robots are used as 
lures to influence the behaviour of a group of 
cockroaches.  The technology developed within this 
project could be applied to various domains including 
agriculture and cattle breeding. 

 
Fig 3 : Collective Behaviour 

 
D.     Artificial/Engineering: Swarm-based Data 
Analysis  
Engineers have  used  the  models of the  clustering 
behaviour  of  ants  as  an  inspiration  for  designing  
data mining algorithms. A seminal work in this 
direction was undertaken by Lumer and Faieta in 
1994 [17].  They defined an artificial environment in 
which artificial ants pick up and drop data items with 
probabilities that are governed by the similarities of 
other data items already present in their 
neighbourhood. The same algorithm has also been 
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used for solving combinatorial optimization problems 
reformulated as clustering problems. 
There are a number of systems which seems to 
exhibit swarm intelligence: 
* The first one is animal colonies and specifically 
insect colonies like ants, termites, and bees. 
* The second is Bacteria which appear able to act in a 
finalized way. 
* The Brain: Living beings’ intelligence and mind 
arises from the interaction of simple neurons 
*The  Cell  which  is  the  smallest  part  has  the 
homeostasis and  the  capability of adapting and 
reproducing arise from protein interactions 
Therefore Swarm intelligence is not an “accident” but 
rather a property of the systems. 
 
V. BEHAVIOUR OF SI SYSTEMS---- AN 

EMERGENT   BEHAVIOUR 
 
The behaviour of all the swarm intelligence systems 
and techniques is said to be an emergent behaviour 
due to the following reasons- 
*It does not arise from a rationale choice. 
*It does not arise from an engineering finalized 
analysis. 
*No one and  nothing in  the  system says: I  will do 
that because  this  will  lead  to  a   specific  behaviour  
of  the system. The individual in the system have no 
global perspective. They are not aware of what’s 
globally happening. They are not aware they are 
doing something intelligent. 
 
A. What are emergent behaviours?  : 

Emergent behaviour in software agent is commonly 
defined as behaviour that is not attributed to any 
individual agent, but is a global outcome of the agent 
group. It is essentially any behaviour of a system that 
is not a property of any of the components of that 
system, and emerges due to interactions among the 
components of a system. 
 
B. Examples of emergent behaviours: 

*Bee colony behaviour where the collective 
harvesting of nectar is optimized through the waggle 
dance of individual worker bees. 
*Flocking of birds cannot be described by the 
behaviour of individual birds. 
*Market crashes cannot be explained by "summing 
up" the behaviour of individual investors. 
*Human intelligence cannot be explained by the 
behaviours of our brain cells. 
*Traffic jam is not just a collection of cars, but a self-
organized object which emerges from and exists at a 
level of analysis higher than that of the cars 
themselves. 
*Since  the  properties  of  swarm  intelligence 
techniques seems  to  be  similar  as that of  emergent 
behaviour,  the  SI  system’s   behaviour   is  said   to  
be an  emergent  behaviour. 
 

VI. WHY IS SWARM INTELLIGENCE 
INTERESTING FOR IT? 

 
Analogies in IT and social insects-- 
The need for distributed system of interacting 
autonomous agents made SI interesting whose 
ultimate  goal is to optimize the   performance and 
robustness. The system must have self-organized   
control   and   cooperation (decentralized) .The main 
objective behind SI is the division of labour and 
distributed task allocation through indirect 
interactions. 
Examples of systems studied by swarm intelligence 
are: 
 
A. Colonies of ants and termites:  

 
Fig 4: Safari ants 

 
Fig 5: Termite nest 

 
What these behaviours have in common? 
These are all intriguing, extremely fascinating 
behaviours that in spite of the specific diversity seem 
to be related to few invariant properties:. Control is 
fully distributed among a number of individual. 
Communications among the individuals happen in a 
localized way. System-level behaviours appear to 
transcend the behavioural repertoire of the single 
individual. The overall response of the system is quite 
robust and adaptive with respect to changes in the 
environment. 
The central question is:  How do social insects and 
other animals  coordinate  their  actions  in  order  to  
achieve amazing system-level  behaviours ? 
Best answer is Self-organization  
Self-organization consists of set of dynamical 
mechanisms whereby structure appears at the global 
level as the result of interactions among lower-level 
components. The rules specifying the interactions 
among the system’s constituent units are executed on 
the basis of purely local information, without 
reference to the global pattern, which is an emergent 
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property of the system rather than a property imposed 
upon the system by an external ordering influence. 
 

VII. PROPERTIES OF SWARM 
INTELLIGENCE 

 
The properties of typical swarm intelligence system 
can be listed as follows: 
*It is constituted by many individuals; 
*Characterizing Property; 
*Its ability to act in a systematic way without the 
supervision of a coordinator or of an external 
controller; 
*Notwithstanding the shortage of individuals 
incharge of the group, the swarms collectively can 
show an intelligent behaviour which is the result of 
the interaction of spatially neighbouring individuals 
which act on the basis of simple rules; 
*Most often, the behaviour of each individual of the 
swarm is outlined in probabilistic terms; 
*Each individual has a stochastic nature that depends 
on his local cognizance of the neighbourhood; 
*The individuals are homogeneous; 
*The interactions among the individuals are based on 
simple behavioural rules. They exploit only local data 
which the individuals interact directly or via the 
environment; 
*The complete behaviour of the system results from 
the interactions of individuals with each other and 
with their environment.  
The most fascinating dimension of a swarm 
intelligence system is the ability to act in a co-
ordinated manner even without the presence of an 
external co-ordinator. Thus, even though no 
individual is in charge of a group, the group still 
shows overall intelligent behaviour.  
 

VIII. CHARACTERISTICS OF SWARM 
INTELLIGENCE 

 
The Must Characteristics to be maintained- 
 
A) Scalability: This means that the system can 
maintain high levels of functionality while increase in 
size without the need to train the individuals or 
redefine the rules of interaction. This is because the 
interactions involve only neighbouring individuals, 
thus increase in the number of individuals does not 
proportionally increase the number of interactions. In 
artificial systems, this is extremely significant since a 
scalable system can increase its performance by 
simply increasing the size without having the need to 
reprogram.  
 
B) Parallel functionality: This is possible in a swarm 
system as individual entities can perform different 
operations at different places at the same time. This 
helps in making an artificial swarm intelligence 
system more flexible, and enables it to efficiently 
self-organise and perform different aspects of a 
highly complex task.  

C) Fault tolerance ability: This is an inherent property 
of swarm intelligent systems due to their 
decentralized nature and self-organising control 
structures. Since the system is composed of different 
individuals none of which are solely important to the 
overall system behaviour, a faulty individual can be 
easily replaced by an efficient one.  
 
IX. EXAMPLE ALGORITHMS 
 
Swarm intelligence algorithms are referred to as 
computational models inspired by natural swarm 
systems. To date, several swarm intelligence models 
based on different natural swarm systems have been 
proposed in the literature, and successfully applied in 
many real-life applications. Examples of swarm 
intelligence models are: Ant Colony Optimization, 
Particle Swarm Optimization, Artificial Bee Colony, 
Bacterial Foraging, Cat Swarm Optimization, 
Artificial Immune System, and Glow worm Swarm 
Optimization. 

 
A)Ant colony optimization:  

 
Fig 6 : Ant  colony Optimisation 

 
The easiest way to understand how ant colony 
optimization works is by means of an example.  We 
consider its application to the travelling salesman 
problem (TSP). In the TSP a set of locations (e.g. 
cities) and the distances between them are given. The 
problem consists of finding a closed tour of minimal 
length that visits each city once and only once. 
To  apply  ACO to the  TSP,  we  consider  the  graph 
defined  by associating the  set of  cities  with  the  set 
of vertices of the graph. This graph is called 
construction graph. Since in the TSP it is possible to 
move from any given city to any other city, the 
construction graph is fully connected and the number 
of vertices is equal to the number of cities. We set the 
lengths of the edges between the vertices to be 
proportional to the distances between the cities 
represented by these vertices and we associate 
pheromone values and heuristic values with the edges 
of the graph. Pheromone values are modified at 
runtime and represent the cumulated experience of 
the ant colony, while heuristic values are problem 
dependent values that, in the case of the TSP, are set 
to be the inverse of the lengths of the edges. The ants 
construct the solutions as follows. Each ant starts 
from a randomly selected city (vertex of the 
construction graph). Then, at each construction step it 
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moves along the edges of the graph. Each ant keeps a 
memory of its path, and in subsequent steps it 
chooses among the edges that do not lead to vertices 
that it has already visited. An ant has constructed a 
solution once it has   visited   all   the   vertices   of   
the graph. At each construction step, an ant 
probabilistically chooses the edge to follow among 
those that lead to yet unvisited vertices. The 
probabilistic rule is biased by pheromone values and 
heuristic information: the higher the pheromone and 
the heuristic value associated to an edge, the higher 
the probability an ant will choose that particular edge. 
Once all the ants have completed their tour, the 
pheromone on the edges is updated. Each of the 
pheromone values is initially decreased by a certain 
percentage. Each edge then receives an amount of 
additional pheromone proportional to the quality of 
the solutions to which it belongs (there is one solution 
per ant). This procedure is repeatedly applied until a 
termination criterion is satisfied. 
 
B) Artificial bee colony algorithm: 

 
Fig 7:Bee Colony 

 
The Artificial Bee Colony (ABC) algorithm is a 
swarm based meta-heuristic algorithm that was 
introduced by Karaboga in 2005 for optimizing 
numerical problems. It was inspired by the intelligent 
foraging behaviour of honey bees.  The algorithm is 
specifically based on the model consists of three 
essential components: employed and unemployed 
foraging bees, and food sources. The first two 
components, employed and unemployed foraging 
bees, search for rich food sources, which is the third 
component, close to their hive. The model also 
defines two leading modes   of   behaviour   which   
are   necessary   for   self- organizing and collective 
intelligence: recruitment of foragers to rich food 
sources resulting in positive feedback and 
abandonment of poor sources by foragers causing 
negative feedback. 
In ABC, a colony of artificial forager bees (agents) 
search for rich artificial food sources (good solutions 
for a given  problem).  To apply ABC, the considered 
optimization problem is first converted to the 
problem of finding the best parameter vector which 
minimizes an objective function. Then, the artificial 
bees randomly discover a population of initial 
solution vectors and then iteratively improve them by 
employing the strategies: moving towards better 

solutions by means of a neighbour search mechanism 
while abandoning poor solutions. 
 
C) Glow Worm Swarm Optimization (GSO): 

 
Fig 8 :Glow Worm Optimisation 

 
The GSO algorithm was developed and introduced by 
K.N. Krishnanand and D. Ghose in 2005 at the 
Guidance, Control, and Decision Systems Laboratory 
in the Department of Aerospace Engineering at the 
Indian Institute of Science, Bangalore, India. The 
glow worm swarm optimization (GSO) is also a 
swarm intelligence optimization algorithm which was 
developed based on the behaviour of glow worms .it 
is also known as “fireflies or lightning bugs”. The 
behaviour pattern of glow worms which is used for 
this algorithm is the capability of the glow worms 
which changes the intensity of the luciferin emission 
which seems to glow at different intensities. Thus, the 
GSO algorithm allows the agents to glow at 
intensities approximately proportional to the function 
value being optimized. It is presumed that glow 
worms that have lower intensity are being attracted 
by glow worms with brighter intensity.  
 
D) Firefly Algorithm: 

 
Fig 9 : Fireflies 

 
Firefly algorithm (FA) is another swarm-based 
algorithm, which was inspired by the flashing 
behaviour of fireflies. Firefly algorithm is a nature-
inspired metaheuristic optimization algorithm. Light 
intensity is associated with attractiveness of a firefly, 
and such attraction enables the fireflies with the 
ability to subdivide into small groups and each 
subgroup swarm around the local modes. Therefore, 
firefly algorithm is specially suitable for multimodal 
optimization problems. In fact, FA has been applied 
in continuous optimization,   travelling   salesman   
problem, clustering, and image processing and feature 
selection is a metaheuristic algorithm, inspired by the 
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flashing behaviour of fireflies. The primary purpose 
for a firefly's flash is to act as a signal system to 
attract other fireflies. Xin-She Yang formulated this 
firefly algorithm by assuming: 
*All fireflies are unisexual, so that one firefly will be 
attracted to all other fireflies. 
* Attractiveness is proportional to their brightness 
and for any two fireflies, the less brighter one will be 
attracted by (and thus move to) the brighter one; 
however, the brightness can decrease as their distance 
increases. 
* If there are no fireflies brighter than a given firefly, 
it will move randomly. 
The GSO algorithm makes it different from Firefly 
algorithm (FA). In the Firefly algorithm, fireflies can 
automatically subdivide into subgroups whereas in 
GSO it is not possible. FA can find multiple global 
solutions i.e.  "sufficient number or neighbours " limit 
and there is no perception limit based on distance. It 
(FA) can still have "cognitive limits" which permits 
swarms of glow worms to divide into sub-groups and 
converge to high function value points. This property 
of the algorithm allows FA to recognize multiple 
peaks of a multi-modal function and thus makes it 
part of Evolutionary multi-modal optimization 
algorithms family. 
 
E) Intelligent water drops: 

 
Fig 10 : Water Drops 

 
Intelligent Water Drops algorithm (IWD) is a swarm- 
based nature-inspired optimization algorithm, which 
has been inspired by natural rivers and how they find 
almost optimal paths to their destination. These near 
optimal or riverbeds. In the IWD algorithm, several 
artificial water drops cooperate to change their 
environment in such a way that the optimal path is 
revealed as the one with the lowest soil   on   its   
links. The   solutions   are   incrementally constructed 
by the IWD algorithm. Consequently, the IWD 
algorithm is generally a constructive population-
based optimization algorithm. The intelligent water 
drops (IWD) algorithm is a new swarm-based 
optimisation algorithm inspired from observing 
natural water drops that flow in rivers. In this paper, 
the IWD algorithm is tested to find solutions of the n-
queen puzzle with a simple local heuristic. The 
travelling salesman problem (TSP) is also solved with 
a modified IWD algorithm.  Moreover, the IWD 

algorithm is tested with some more multiple knapsack 
problems   (MKP)   in   which   near-optimal   or   
optimal solutions are obtained.  
 
F) Multi-swarm optimization: 

 
Fig 11: Multi Swarm 

 
Optimal paths follow from actions and reactions 
occurring among  the  water  drops  and  the  water  
drops  with  their Multi-swarm  optimization  is  a  
variant  of  particle swarm optimization (PSO) based 
on the use of multiple sub-swarms instead of one 
(standard) swarm. The general approach in multi-
swarm optimization is that each sub- swarm focuses 
on a specific region while a specific diversification 
method decides where and when to launch the sub-
swarms. The multi-swarm framework is especially 
fitted for the optimization on multi-modal problems, 
where multiple (local) optima exist. 
 
G) Particle swarm optimization : 

 
Fig 12 :Particle Swarm Opitimization 

 
Particle swarm optimization (PSO) is a global 
optimization algorithm for dealing with problems in 
which a best solution can be represented as a point or 
surface in an n-dimensional space.  Hypotheses  are  
plotted  in  this space and  seeded  with  an  initial  
velocity, as  well  as  a communication  channel  
between  the  particles.  Particles then move through 
the solution space, and are evaluated according to 
some fitness criterion after each time step. Over time, 
particles are accelerated towards those particles 
within their communication grouping which have 
better fitness values. The main advantage of such an 
approach over other global minimization strategies 
such as simulated annealing is that the large numbers 
of members that make up the particle swarm make 
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the technique impressively resilient to the problem of 
local minima. 
 
H) Self-propelled particles : 

 
Fig 13 :Self-Propelled Particles 

 
Self-propelled particles (SPP), also referred to as the 
Couzin–Vicsek algorithm, Vicsek and Couzin et al. 
was introduced in 1995 by as a special case of the 
boids model introduced in 1986 by Reynolds. A 
swarm is modelled in SPP by a collection of particles 
that move with a constant speed but respond to a 
random perturbation by adopting at each time 
increment the average direction of motion of the other 
particles in their local neighbourhood.  SPP models 
predict that swarming animals share certain properties 
at the group level, regardless of   the   type   of   
animals in   the   swarm. Swarming systems give rise 
to emergent behaviours which occur at many 
different scales, some of which are turning out to be 
both universal and robust. It has become a challenge 
in theoretical physics to find minimal statistical 
models that capture these behaviours 
 
I) Stochastic diffusion search: 
Stochastic diffusion search (SDS) is an agent-based 
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 
parameterised 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 stabilise around the 
global-best solution. SDS is both an efficient and 
robust search and optimisation algorithm, which has 
been extensively mathematically described. 
 
 J) Cat Swarm Optimization (CSO): 
Cat Swarm Optimization (CSO), one of the new 
swarm intelligence algorithms came into existence for 
finding the best global solution. Because of its 
complexity, it is hard to achieve accurate solutions in 

all cases as it takes long time to converge. To 
overcome this problem and to improve the 
convergence accuracy level, we propose a new 
improved CSO namely ‘Adaptive Dynamic Cat 
Swarm Optimization’. First, we add a new adaptive 
inertia weight to velocity equation after which we use 
an adaptive acceleration coefficient. Second, by using 
the data of two previous/next dimensions and 
applying a new factor, we get a new position update 
equation composing the average of position and 
velocity information. Experimental results for six test 
functions show that in comparison with the pure 
CSO, the proposed CSO can take a less time to 
converge and can find the best solution within less 
iteration. 
 
X. APPLICATIONS 
 
A)   Swarm Robotics: 
Swarm robotics is a comparative young field of 
science, focusing on the development of limited 
single robots which are able to perform direct and 
indirect communication with each other and to create 
dynamic horizontal systems with a collective 
behaviour. Open source research projects include 
SWARMROBOT, conducted in a cooperation of the 
University Stuttgart and University Karlsruhe in 
Germany. The team developed the "Jasmine" robot, a 
simple single robot as with the capability to create a 
system of more than 100 cooperating nodes. Two 
other notable projects are SYMBRION and 
REPLICATOR, financed by the European Union 
from 2008 until 2013 with13M € (16.8M $). Both are 
focusing on super-large-scale swarms which can 
symbiotically share resources such as CPU and 
energy supplies, as well as combining their respective   
actuators and sensors.  The   projects originate from 
research works within the I-SWARM and especially 
from the open-source SWARMROBOT projects. 
Most of technological developments within the 
SYMBRION and REPLICATOR projects are open-
source software and hardware. 
 
B)   Intrusion Detection: 
A Swarm-intelligence-based    intrusion detection 
technique is proposed to in order to reduce the 
misjudgement & misdetection and increase the real-
time response in the existing intrusion detection 
techniques show.   Separating   a   huge   and   
complicated   intrusion detection system into severer 
independent detection units with unique function so 
that the amount of detection data processing and the 
complexity of detection signature selecting, which are 
the main factors affecting the application 
performance of existing intrusion detection 
techniques,   are   reduced   significantly.   Moreover,   
by utilizing the information from each independent 
detection unit, the complicated intrusion of the entire 
intrusion detection system can be detected. The key 
techniques for the implementation of the proposed 
system include the user trace under the environment 



International Journal of Soft Computing and Artificial Intelligence, ISSN: 2321-404X, Volume-2, Issue-1, May-2014 

Artificial Acumen-Swarm Intelligence 
 

60 

of network, the interception and detection of real-time 
system calls, and the efficient access of shared 
information base. 
 
C) Collision avoidance between UAV clusters 
using Swarm Intelligence: 
Several basic swarming laws for Unmanned Aerial 
Vehicles (UAVs) are developed for both two-
dimensional (2D) plane and three-dimensional (3D) 
space. Effects of these basic laws on the group 
behaviour of swarms of UAVs are studied. It is 
shown that when cohesion rule is applied an 
equilibrium condition is reached in which all the 
UAVs settle at the same altitude on a circle of 
constant radius. It is also proved analytically that this 
equilibrium condition   is   stable   for   all   values   
of   velocity   and acceleration. A decentralised 
autonomous decision-making approach that achieves 
collision avoidance without any central authority is 
also proposed in this article. Algorithms are 
developed with the help of these swarming laws for 
two types of collision avoidance, Group-wise and 
Individual, in 2D plane and 3D space. Effects of 
various parameters are studied on both types of 
collision avoidance schemes through extensive 
simulations. 
 
D) Adaptive routing in telecommunications 
networks: 
A large number of algorithms have been proposed for 
different types of networks, including wired networks 
and wireless ad hoc networks. Routing is the task of 
directing flows or units of data from their source to 
their destination while optimizing one or more 
criteria. Examples of optimization criteria are the 
average or maximum delay experienced by data 
packets or the variability in delay. An adaptive 
routing algorithm is one that modifies its routing 
solution online, in order to account for changes in the 
network, such as variations in the data traffic load or 
in the network topology. The typical structure and 
functioning of telecommunications networks – in 
which the global routing strategy is the collective 
result of decentralized decisions made by individual 
nodes based on local observations – maps 
surprisingly well to the typical distributed approach 
advocated in the SI paradigm. Consequently, a lot of 
successful adaptive routing algorithms have been 
developed based on SI ideas. A telecommunications 
network can be seen as a graph G = (N,E), whereby 
the nodes N represent routers or end user devices in 
the network,  and  the  edges  E  represent  the  
communication links that are available between 
them.[36] Links can be directed or undirected and can 
be heterogeneous in terms of physical implementation 
(wired or wireless), transmission capacity, 
propagation time, reliability, etc.  Data load is 
injected into the network concurrently at source 
nodes, and needs to be forwarded to assigned 
destination nodes. The task of a routing algorithm is 
to find paths through the network graph that connect 

source and destination nodes, while optimizing 
predefined criteria and possibly satisfying certain 
constraints. Routing path information is commonly 
stored at the nodes in so-called routing tables. Two 
approaches can be followed for the purpose i.e. top-
down or bottom-up approaches. Top-down approach 
is implemented by link state routing protocols and 
bottom-up approach is implemented by AODV and 
DYMO. 
 
WHY ONLY SWARM INTELLIGENCE? 
There are several advantages of swarm intelligence: 
*Flexibility 
*Robustness 
*Self-organisation 
*close to nature  
*It studies the collective behaviour of agents 
interacting with their environment. For example, it is 
more natural to describe how shoppers move in a 
supermarket than to come up with the mathematical 
equations that govern the dynamics of the density of 
shoppers.  
*SI systems are easy to code because of the 
simplicity of their rules.  
 
CONCLUSION 
 
Swarm Intelligence is a scientific theory inspired 
from the emergent behaviour of ants, birds and other 
social animals. It proposes a new way of thinking of 
the solution of the non-linear complex problems. The 
emergent property of swarm demonstrates a 
fundamentally important principle that has been 
beneficial to nature. We are constrained by linear 
thinking: it is hard for us to understand how all the 
various  parts  of  the  system  interact  and  add  up  
to  the whole. It is very important to use swarm 
intelligence to understand how large-scale emergent 
patterns and behaviours can result from the actions 
and interactions of the individual components of a 
system. In this paper we presented a detailed 
explanation about swarm intelligence and the various 
algorithms that can be used to implement the various 
swarm intelligence techniques. There are many 
domains in which SI techniques are widely used , 
some of which are listed out briefly in this paper. 
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