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Abstract 

A swarm is a large number of homologous, intelligible workers collaborating locally among themselves, and their environment, 

with no paramount control. The intelligence possessed by these swarms is known as swarm intelligence. Swarm Intelligence (SI) 

is a branch of Artificial Intelligence (AI) that is used to model the cumulative behavior of social swarms in nature, such as ant 

colonies, honey bees, and bird flocks. This paper focuses on the how the intelligence from the swarms has exhilarated for the 

development of various algorithms for solving hard problems and it also outlines two of the most acknowledged methods of 

optimization techniques motivated by swarm intelligence: Ant Colony Optimization (ACO) and Particle Swarm Optimization 

(PSO). 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

A single ant, bee, fish or bird isn’t clever, but their colonies or troop conjointly are of preeminent significance. As a group they 

can respond quickly and effectively solve problems that are unthinkable to the individual, like finding the shortest path to the 

food source, assigning different tasks to the members, protecting themselves from their enemies. This type of brilliance is known 

as SWARM INTELLIGENCE (SI). A Swarm is a loosely structured collection of interacting agents or individuals that belong to 

a group and Swarm intelligence is an evolutionary approach to hard problem solving that takes motivation from the 

communicative behaviors of insects and other animals. The term Swarm intelligence was introduced by Gerardo Beni and Jing 

Wang in 1989.The main features of SI are decentralized and trustworthy way of working and self-organization among the 

members. Biological Examples are ant colonies, bird flocking, animal herding, bacterial growth, termites and fish schooling. SI 

based algorithms produce low cost, fast, and potent solutions to several complicated problems. 

In recent years, SI techniques have been applied to a vast range of problems in combinatorial and contiguous optimization, 

telecommunications, robotics, etc., usually with exemplary outcomes. In many communication networks the concept of 

autonomic computing is in much demand. The main point of concern in these networks is that are becoming more and more 

complex and it is very important that can self-organize and self-configure themselves and try to adapt themselves to current 

situations. And for such dynamic networks, robust and adaptive algorithms are required. One of the swarm intelligence 

techniques is Ant Colony Optimization (ACO). The study of artificial systems enthused by the pheromone-mediated ability of 

real ant colonies and defines a meta-heuristic based on the use of ant-like agents and stigmergic communication of artificial 

pheromone information. These algorithms are used to find approximate solutions to discrete NP-hard problems. ACO was 

introduced in 1992 by Marco Dorigo and was originally known as Ant System (AS). The traveling salesman problem is the 

famous NP-hard problem in computer science and artificial ant colony is capable of generating good and optimized elucidation 

to this problem. Another well-known technique of Swarm intelligence is Particle swarm optimization (PSO). It is a population 

based presumptive optimization technique which translates the behavior of flocks of birds, Swarms of Bees and schools of fish to 

give a framework based on information-sharing particle-like agents to get an optimal solution in the computable search space. 

PSO was introduced by Dr. Eberhart and Dr. Kennedy in 1995.  

The paper explores the applicability of these bio-inspired approaches to the development of self-organizing, evolving, adaptive 

and autonomous techniques. The whole paper is organized as follows. The section I of the paper provides an overview of the SI 

paradigm with a special emphasis on two famous SI models. The section II discusses and evaluates the first SI model known as 

Ant Colony Optimization. The section III of the paper presents the famous classic algorithmic problem in the field of computer 

science, the traveling salesman problem. The section IV discusses and evaluates the other SI model inspired by the natural 

swarms, well known as Particle Swarm Optimization. The section V of the paper presents a brief comparison of the two 

approaches. Then, a summary of the wide-range of applications of swarm intelligence and its algorithms in different problem 
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domains is presented in section VI of the paper. Finally, the paper is concluded with possible directions for future research 

followed by references used, in the last section. 

II. ANT COLONY OPTIMIZATION MODEL 

The best known example of swarm intelligence in real world is the ants. It is remarkable that a cluster of almost blind ants are 

capable of figuring out the shortest path between their food source and their nest. The natural behavior of the ants is depicted in 

Figure 1.  

 
Fig. 1: Natural behavior of the ants to find shortest path 

The ants in search of food move out of their colonies in random directions and once they find food, they return to their colony 

leaving behind a trail of chemical substance called pheromone. The term pheromone comes from two Greek words, pherein 

which means “to transport” and hormone which means “to stimulate”. The Ants communicate with each other using this volatile 

chemical substance. Other ants will detect the pheromone and follow the same path. The number of times the path will be visited 

depends on two factors, first being the amount of pheromone on the path and the second one being the length of the path as 

pheromone naturally evaporates over time. Hence a more concise path will be preferred by the other ants as the ants already 

ensuing that path will keep on adding pheromone making the concentration rate larger than evaporation rate. This process leads 

to the emergence of the shortest path from food source to the colony. This path selection philosophy shows the self-organizing 

behavior of ants in which the probability of an ant choosing a route increases as the count of ants that already passed by that 

route increases. The Self-organization in ants leans on several factors. The first factor is Positive feedback or auto- catalytic 

process which means the avocation of other insects to forage a food source. The second factor is Negative feedback, means 

circumspection on behavior of the members caused by events such as the depletion of a food source or presence of dangerous 

predators. The third factor is Amplification of fluctuations which means the cause of unaimed events, such as an ant getting 

disoriented but finding a new source of food. The last factor is Reliance on Multiple interactions. It can be either direct like 

visual, physical, chemical or indirect interaction like when an already rooted way to the food source is hindered by an obstacle 

then the ants try to delve into new routes. This type of indirect interaction through the environment where some ants change the 

environment and other ants nose out and respond to the changes is known as stigmergy. The process of stigmergy relates the 

local and global behaviors of the ants. The local behavior of an individual ant modifies the environment which in turn modifies 

the behavior of other individuals. 

The Ant colonies by and large can execute tasks and make judgments that surface to require co-ordination amid the workers 

like building a nest, feeding the brood, foraging for food, and so on. Collectively the ants are capable of disclosing the shortest 

path from nest to a food source. Various experiments have been performed to analyze this capability of the ants. One of the 

famous experiments is the Double- Bridge experiment (DBE). In this experiment, the food source is separated from the nest by a 

bridge with two branches. There are various versions of the Double-bridge experiment depending upon the length of the two 

bridges, the time of availability of the choice of the path for the ants , and so on. Figure 2(a) shows the first case of DBE, where 

the two branches are of same length. In this case, initially ants choose branch randomly and finally the branch with more number 

of ants will be chosen by all the ants as the amount of pheromone will be more on it and ants have the tendency of trail 

following. In the second case of DBE, the two branches are of different length. One branch is n times larger than the other 

branch. The choice of the two branches is available to the ants from the starting. At the beginning, the selection of the path is 

completely random again. So the ants go on both the branches but finally they choose only the shorter branch. This is because the 

ants lay and follow pheromone trails. This version of DBE is depicted in Figure 2(b). In the third case of DBE, the two branches 

are of different length with the longer branch being n times larger than the shorter branch but the shorter branch is available to 

the ants 30 minutes after the longer branch. In such case, the ants start using the only available path, that is, the longer path. 

However, after 30 minutes even if the shorter branch is presented to the colony, the percentage of the ants selecting the shorter 

path will be very less. The small number of the ants going on the shorter path will try to explore it only due to huge traffic and 
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collision on the longer path, which most of the ants are taking. This is because the longer branch is already marked with large 

amount of pheromone. This process is shown in Figure 2(c). In this case the ants continue to follow the path on which the 

pheromone amount is large, which is the longer path to the food source. But this problem can be overthrown in the artificial 

system, by following the concept of pheromone decay where the pheromone evaporates sufficiently quickly hence a larger 

amount of pheromone accumulation will not be there on the longer branch. So even if the shorter branch is presented to the ants 

after the longer branch it will be selected. This property is necessary for getting optimized results. The Meta-heuristic and 

flowchart for ACO problem is depicted in figure 2(d). 

 
Fig. 2: (a) Double Bridge experiment with same length 

 
Fig. 2: (b) Double Bridge experiment with both branches of different length (n=2) 

 
Fig. 2: (c) Double Bridge experiment with both branches of different length (n=2) but the shorter branch is made available 30 minutes after the 

longer branch. 
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Fig. 2: (d) Meta-heuristic and flowchart for ACO 

III. TRAVELLING SALESMAN PROBLEM 

The Traveling Salesman problem (TSP) is one of the best known NP-hard problems. It consists of a salesman and a set of cities. 

The salesman has to visit each one of the cities starting from a certain city and returning to the same city. The challenge of the 

problem is that the traveling salesman wants to minimize the total length of the trip by finding a minimal Hamiltonian cycle in 

the graph, which means a minimal path passing from all vertices once .The ability of the ant colony to find the shortest path is 

exactly what is required to solve this hard problem. Therefore the solution to Traveling salesman problem is one of the 

applications of the Ant Colony Optimization.   

The main perception of Ant Colony Optimization algorithms is to represent a problem as the search for a minimum cost path 

in a graph. In the artificial Ant system, the artificial ants as if walk on this graph, looking for cheaper paths. Cheaper paths are 

found as the emergent outcome of the global cooperation among ants in the colony. The Artificial Ant System is portrayed in 

Figure 3(a). Artificial ants are inspired from the real ants. They also lay pheromone trails but on the graph edges and choose their 

path with respect to probabilities that depend on pheromone trails. These pheromone trails constantly decline by evaporation. 

Although the artificial ants differ from the real ants in some ways, like the artificial ants live in a graph and their moves consist 

of transitions from nodes to nodes in search of shortest path from source node to destination node. Also the pheromone trail in 

the artificial system is updated in two ways. Firstly, the ants use the local updating rule and locally change the amount of 

pheromone on the visited edges of the graph. And secondly, a global updating rule is applied after all the ants have built their 

individual tours. This rule modifies the pheromone level on the edges that belong to the best ant tour.  

 
Fig. 3: (a) Artificial Ant System 
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IV. PARTICLE SWARM OPTIMIZATION 

There are a number of distinct optimization techniques which play a far-reaching role as a favorable decision making tool. The 

Particle Swarm Optimization (PSO) is one of the most popular multidimensional optimization techniques. It is a population-

based optimization tool, which could be implemented and applied easily to solve various function optimization problems. Ease 

of implementation, high quality of solutions, computational efficiency and speed of convergence are the strengths of PSO.  

PSO models social behavior of birds flocking or fish schooling as depicted in figure 4(a) .The algorithm of PSO mimics from 

the conduct of animals’ societies that don’t have any leader in their group or swarm, such as bird flocking and fish schooling. By 

and large, a flock of animals that have no leaders will find food by random, follow one of the members of the group that has the 

closest position with a food source , known as potential solution. The flocks enact their best condition by continually 

communicating and ensuing with the other members who already have a superior situation. This befalls time and again until the 

best conditions or the food source is perceived. The process of PSO algorithm in finding optimal values springs from the work of 

this animal society. It consists of a swarm of s candidate solutions called particles, which explore an n-dimensional hyperspace in 

search of the global solution. 

 
Fig. 4: (a) Fish schooling (left) and bird flocking (right) 

Exploration and Exploitation are the two main pillars of PSO. Exploration is the ability of a search algorithm to explore 

different region of the search space in order to locate a good optimum solution. Exploitation, on the other hand, is the ability to 

concentrate the search around a promising area in order to refine a candidate solution. The particles of the swarm fly in the 

hyperspace making use of exploration and exploitation and acquire two reasoning capabilities namely, local best (Lbest) and 

global best (Gbest). Local best is the memory of their own best position and Global best is the knowledge of the global or their 

neighborhood's best position. The whole process in PSO is speculative in nature; it makes use of a velocity vector to update the 

current position of each particle in the swarm. The velocity vector is updated based on the “memory” gained by each particle, as 

well as the “knowledge” gained by the swarm as a whole. This intelligent insect behavior arises because of the emergent effects 

of local rules and self-organization. 

Let a particle x occupy position pxd and velocity Vxd  in the dth dimension of the hyperspace where, 1 ≤ x ≤ s and 1 ≤ d ≤ n. 

Here s is the total number of candidates in the swarm and n specifies the n-dimensional hyperspace. Each particle is evaluated 

using a cost or fitness function f. The fitness of a particle close to the global solution is higher than that of a particle that is 

farther. The PSO algorithm thrives to maximize the fitness function. The algorithm calculates the local best (Lbest) of the 

particle x by finding where the particle has the highest fitness value and stores the global best (Gbest) as the position of the best 

particle having the highest fitness value. The Position of the particle is influenced by velocity. The values of velocity V and 

position p are updated continuously until an acceptable Gbest is achieved or maximum number of iterations is reached. 

Numerically, the position p of a particle x at iteration k+1 is updated as:   
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Where, Vk+1 is the corresponding updated velocity vector, and ∆ t is the time step value typically considered as unity. So, 

numerically the velocity vector of particle x is represented as- 
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Where, α1 and α2 are acceleration constants and r1 and r2 are random positive vectors. The inertia weight is introduced to 

control the global exploration ability of PSO, and provide a balance between the global and local search abilities.   

Thus from the above two equations we can say that the position of the particle is a function of its previous position, previous 

acceleration, local best and global best positions. The Meta-heuristic and flowchart for PSO are shown in figure 4(b) and 4(c) 

respectively 
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Fig. 4: (b) Meta-heuristic for PSO 

 
Fig. 4: (c) Flowchart for PSO 
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V. COMPARISION BETWEEN ACO AND PSO 

ACO uses an indirect communication mechanism among ants, called stigmergy, which means interaction through the 

environment and was originally used to solve combinatorial optimization problems whereas the communication among particles 

in PSO is rather direct without altering the environment and was originally used to solve continuous problems. 

ACO’s solution space is typically represented as a weighted graph, called construction graph and its objective is generally 

searching for an optimal path in the construction graph whereas PSO’s solution space is typically represented as a set of n-

dimensional point and its objective is generally finding the location of an optimal point in a Cartesian coordinate system. 

Some of the application areas of ACO include Sequential ordering, scheduling, assembly line balancing, probabilistic TSP, 

DNA sequencing and many more. And application areas of PSO include Track dynamic systems, evolve NN weights, analyze 

human tremor, register 3D-to-3D biomedical image, control reactive power and voltage, and even play games. 

VI. APPLICATION AREAS  

The SI is a vast field and is used in various domains. Here a few application areas where the ACO and PCO are widely used have 

been listed here. 

 Routing in Mobile Ad Hoc Networks 

In communications networks, there is currently an increasing interest for autonomic computing because the  networks are 

becoming more and more complex and that it is desirable that they can self-organize and self-configure, adapting to new 

situations in terms of traffic, services and network connectivity. For this, the future network algorithms should be robust, work in 

a distributed way be able to observe changes in the network, and adapt to them. Nature’s self-organizing systems like insect 

societies show precisely these desirable properties. 

 Image Segmentation 

Image segmentation plays an essential role in the interpretation of various kinds of images. The main aim is to aggregate data 

into groups such that the data in each group share similar features while the data clusters are being distinct from each other. 

 Optimization of Design and Machine Tolerance 

Tolerance assignment in product design and process planning (machining) affects both the quality and the cost of the overall 

product cycle. It is a crucial issue to determine how much the tolerance should be relaxed during the assignment process, since a 

tight tolerance implies a high manufacturing cost and a loose tolerance results in low manufacturing cost. It can be achieved 

using particle swarm optimization. 

 Automated Machine Manufacturing Environment  

In the present flexible and automated manufacturing environment, selection of optimal process plan is a crucial decision making 

problem. The systematic determination of processing steps for the transformation of raw material to its finished product is 

identified as process planning and this approach is based on PSO. 

 Channel Assignment in Wireless Communication 

Hybrid Ant Colony Optimization is used for the Channel Assignment Problem in Wireless Communication. 

VII. CONCLUSION AND FUTURE PERSPECTIVES 

In this era of globalization the emerging technologies are governing engineering industries to a multifaceted state. The escalating 

complexity has demanded researchers to find the possible ways of easing the solution of the problems. This has motivated the 

researchers to grasp ideas from the nature and implant it in the engineering sciences. This way of thinking led to emergence of 

many biologically inspired algorithms that have proven to be efficient in handling the computationally complex problems with 

competence. 

Motivated by the capability of the biologically inspired algorithms this paper presents the two most commonly used 

approaches- Ant Colony Optimization (ACO) and Particle Swarm Optimization (PSO). The paper consists of a cross-section of 

topics that reflect a Variety of perspectives and disciplinary backgrounds of Swarm intelligence. 

Swarm Intelligence is one of the most remarkable interest areas, which attract researchers’ attention. The research scope of 

Swarm Intelligence is associated with problem solution approaches, which employ collective behavior of natural or artificial 

self-organized systems. There are many different kinds of interest areas in which researchers perform different studies to obtain 

effective solutions for especially real-world based problems. The use of swarm intelligence in telecommunication networks has 

also been researched, in the form of ant-based routing. The location of transmission infrastructure for wireless communication 

networks is an important engineering problem involving competing objectives. Airlines have also used ant-based routing in 
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assigning aircraft arrivals to airport gates also Airlines have used swarm theory to simulate passengers boarding a plane. The 

networks of distributed users can be organized into "human swarms" through the implementation of real-time closed-loop control 

systems. Swarm grammars based on swarm intelligence interact as agents to describe complex properties such as found in art and 

architecture.  
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