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Abstract

In this paper we will be discussing about the swarm intelligence and some of its examples. A swarm is a group of simple agents that interact
among themselves and with their environment. There is no particular controlling agent that is responsible for the behavior that arises among the
group. These agents that work in groups can be colonies of ants, school of fishes, bird flocks etc. We can call them as swarm. In this paper we
will be discussing some examples of swarm and their behavior. We will also discuss various swarm intelligence models for example Ant Colony
Optimization and Particle Swarm Optimization that is related to behavior of ants and birds respectively.
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1 INTRODUCTION

The term “Swarm intelligence” was first given by
G.Beni, Hack wood and JWang in 1989.
[4][6][11].Swarm intelligence can be defined as the
emergent collective intelligence of groups of simple
agents. It is a collective behavior of decentralized, self-
organizing systems. It is a distributed system that
comprises of autonomous agents which interact with
each other to reach a particular goal.This field focuses
on the collection of results that arises among people
when they interact locally. [1].Recently swarm-based
algorithms have grown as family of naturally population
based algorithms that provide fast and low cost solutions
to various complex problems.[12][13]. Swarm
intelligence is actually a new branch of artificial
intelligence, in which the agents of same kind interact
with each other to complete a particular task. Swarm
intelligence is used as a collective behavior of swarms
such as colonies of ants, flocks of birds, honeybees
etc.Agents or individual swarms that perform a
particular task interact either directly or indirectly
among themselves. Direct interactions can be through
audio or video. For example birds interact among
themselves through sound (audio) and bees through
their waggle dance (video).In indirect interaction if one
agent changes the environment, the others also respond
to that change and that indirect interaction is called
stigmergy, which means interaction through
environment.[5]. It is seen in ants through the
pheromone trail laid by them.Thus based on such
intelligent behavior of swarms many algorithms have
been formulated. Some techniques and algorithms are
discussed in this paper.

2 ANTS

Ants have been surviving since tens of millions of years
ago, through different environments, and it was possible
only due to their sociality.[19].Ants are considered as
one of the best examples of swarm. Ants interact
indirectly with each other by laying pheromone (i.e. a
volatile chemical substance). Pheromone term was

introduced by P. Karlson and M. Luscher in 1959, based
on a Greek word Pherin which means transport and
hormone means to stimulate. There are two different
types of pheromone stimulated by ants, one is the alarm
pheromone that is used to signal other ants if there is
any danger on the way and other is the food trail
pheromone that is stimulated by ants on their way in
search of food. Higher the intensity of pheromone on the
way more the chances of food on that way.[5].Ants
work together by dividing the task among themselves .
These tasks can be more efficiently done by ant
colonies.[1][7][8].

3 ANT COLONY OPTIMIZATION

Ant colony optimization is the first example of
successful swarm intelligence model introduced by M.
Dorigo et al.[14][15][16]. It is actually based on social
behavior of ant colonies and is used to find optimal path
in search of food. Ant colony optimization (ACO) is
widely used in swarm intelligence as a class of
algorithms that inspires foraging behavior of ants.
Foraging explains the capabilities of ant colonies.[2].
Foraging is done by ant colonies as follows:-

1:- We can find many individual ants moving here and
there in search of food. Thus these tiny agents keep
moving around the colonies searching food.

2:- As ants cannot communicate directly, they follow
the indirect path that is known as stigmery.

3:- When these ants find the food source they return
back to their nest and while returning they deposit a
chemical substance known as pheromone.

4:- The pheromone that is deposited by agents on their
way back is volatile in nature so it keeps on evaporating.
Other ants are able to sense it and get inclined in the
direction of pheromone.

5:- When many ants follow the same track they also
leave pheromone on that track and thus the pheromone
gets thickened and it becomes easier for other ants to
find the food source.

6:- If the agents could find the shorter path then that
path will be followed by many other agents and it
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becomes more attractive as the pheromone level is much
higher on that path.

7:- If any obstacle comes in between the path, the ants at
first will move randomly but will be able to find shortest
path.

8:- Thus the longer route will get disappeared within
some time because the pheromone which was deposited
at first by the ants is volatile in nature.

9:- Hence finally the ants will be able to find the
shortest route for food.[3].

s i 3 1
Diag.1:- Ants finding the food source.

4 BIRDS

Groups of mammals or birds assembled together are
called a flock. An artificial life program which
stimulates the flocking nature of birds is called a Boid.
Boid was developed by Craig Reynolds in 1986, which
simulates the flocking nature of birds. Boids is basically
a kind of motion that is dependent on behavior of
birds.[23][24].

Those birds that fly in V- shaped formation conserve
less energy during their difficult journey and this helps
them to avoid the predators or enemies. V- Shaped
pattern formation of birds is dependent on the age, sex
and body size. V- Shaped orientation of birds also help
them to communicate and maintain coordination within
the flock.There are basically two theories that are
related to flying of birds in V- Shape.Firstly when the
bird flies and the air that flows off their wing tips gives
bird an extra lift or pushes the bird upwards and thus
eases the bird’s flight. Thus bird doesn’t need to work
hard and this reduces the amount of energy during their
flight. When the birds fly in V-Shape there is not any
particular bird that is leading their flock, because the
bird which is leading the flock often gets tired as it is the
most difficult position. So the bird falls to the rear of the
flock where it doesn’t have to use most of its mind and
then the turn of other members in that flock comes one
by one. So in this way the flocks of birds keep moving
for longer time by maximizing each bird’s
energy.Secondly it becomes easier for every member of
the flock to keep track of every other member while
flying in the V-Shape.Birds flocking behavior was
stimulated on computer by Craig Reynolds in
1986.Craig Reynolds proposed 3 simple flocking rules
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for implementation of a simulated flocking behavior of
birds:

1:- Flock centering:- which means that each bird in the
flock will remain close to the nearest bird in the flock by
which they can stay close to the centroid of flock mates.

2:- Avoiding collision:- Based on their relative position
the flock members avoid collision with neighbouring
flock mates.

3:- Matching of velocity:- birds in the same flock try to
match their velocity.[20].

These three flocking rules that are given by Craig
Reynolds are known as cohesion, seperation and
alignment rules in literature.[21][22].

5 PARTICLE SWARM OPTIMIZATION
E Berhart and Kennedy introduced Particle Swarm
Optimization (PSO) in 1995. It is based on birds and
fish behaviour. While searching for food the birds fly
here and there or get scattered. In the flock of birds there
is always a bird that can smell good and has the ability
to find that food source better easily. When that bird
reaches that food source it communicates the
information to rest of the members of its flock as birds
have good communication and are positive thinkers.
PSO is an experience based on thinking optimization
that is based on swarm optimization.[9].PSO mainly
follows:

1:- The Math’s basic theory: - It is analysis of the
condition where particle can move stably. Particles are
the population members, which are described as the
swarm position in n- dimensional solution space.

2:- Particle Swarm topology: - It is research on the
topology of new pattern of particle swarm which
functions better.

3:- Merging with other

intelligent  optimization

algorithm: - Blending the PSO advantages with the
advantages of other intelligent algorithms to create an
algorithm that gives a practical value.

4:- Develop application area of PSO algorithm:- It is
important to develop application areas of PSO algorithm
widely

as it is used.[9][10].

il

Diag.2:- Birds flying in V-shape.
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6 CONCLUSION

In this paper, the basic idea of swarm and swarm
intelligence is given describing the two swarm
optimization techniques. We gave a brief idea about Ant
Colony Optimization that is related to behavior of ants
and their interactions. We also described Particle Swarm
Optimization that describes behavior of birds and their
movement.
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