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Abstract 

Nature inspired optimization algorithm is a rapid growing research area in computer science. It gives an enormous inspiration for 

solving many complicated problems as it exposes a very divergent, robust, compelling and appealing behavior which is capable 

to give optimal results. The ability to adapt the ever changing environment makes it a hub for solving complex problems. Nature 

Inspired Optimization Algorithms are meta-heuristic which mimic the behavior of natural occurring species, like ants, bees, flies, 

bats, termites etc., and provide adequate ways for solving many complex combinatorial and optimization problems. This paper 

represents an analytical review of nature inspired optimization algorithms, like bee colony, ant colony, particle swarm 

optimization and artificial bee colony, which are developed by modeling the intelligence and natural behavior of different 

species, like ants, bees etc.    
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Nature is an origin of many inspirations. This is the reason that so many researchers are attracted towards nature, as it has 

become a ground for solving many complex problems. In Computer Science field nature has contributed a lot because many 

optimization algorithms are developed by modeling the behavior of natural occurring species. The algorithms that are inspired 

from nature are known as Nature-inspired algorithm. Sometimes nature inspired algorithms are also known as biological systems 

because of the main role of biological agents for solving problems. Nature inspired or biological systems become so popular 

because of their capability to adjust with ever changing environment. The natural occurring agents collaborate together to 

perform a single task. This type of behavior comes under the category of swarm Intelligence (SI). Swarm Intelligence was 

introduced by Gerardo Beni and Jin Wang in 1989. The term “swarm” is used for aggregation of species like, ants, honey bees, 

flock of birds, fish schools, termites etc.[17]. This is not only used for biological species but also for particles as in particle 

swarm optimization. It is a process in which group of agents collectively collaborates for finding solution of given problem [5]. 

All agents interact locally with one other. Group defense, collective behavior, labor division, co-operation and information 

exchange etc. are attractive features of SI [3]. Because of biological needs all agents stay together [4] which help them to 

communicate with one another which give rise to collective behavior of agents that is known as “collective intelligence” [4]. SI 

also describes collective intelligence of agents by telling the way how colonies collectively contribute for solving a problem. SI 

uses collective behavior of decentralized and self-organizing systems that can be natural or artificial. The motivation for SI 

comes from nature especially from biological systems in which large number of agents contributes for a single task. These agents 

follow simple set of rules and are free from any kind of centralization i.e. every agent will follow other agent in group and no 

master-slave relationship exists. There is no any centralized leader to whom every agent needs to follow or to report; every agent 

is its own leader who will present its part for success of their swarm. Local rules are followed by all agents, without any relation 

to the global pattern and this interaction between self-organized agents lead to collective intelligence. The success depends upon 

communication between them. Any agent can interact with other at any time. These interactions between agents are also free 

from centralization and can be random, local, or to certain extent. The individual agents of a swarm behave without supervision 

and each of these agents has a stochastic behavior due to their perception in the neighborhood [4]. All agents find solution on 

individual basis as their local solutions. Then global solution is carried out from local solutions based on a criterion that depends 

on problem. The interactions lead to global solution which is unknown to individual agents. Ant Colony, Bee Colony, Particle 

Swarm, Artificial Bee colony etc. are the examples of SI that uses the natural phenomenon of species as suggested by SI. SI is a 

part of Artificial Intelligence that is based on actions of individuals and use natural behavior of agents to maximize chances of 
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victory or success. This intelligence behavior of natural agents is used in various fields among which optimization are the most 

popular. The focus of swarm intelligence is to use collective behavior of natural species like ants, termites, fish, wasp etc. for 

development of multi-agent systems that can be used for solving many optimization problems. Bee Colony Optimization, Ant 

Colony optimization, Particle Swarm optimization are typical examples of SI. 

 The main objective of this paper is to give an insight to nature inspired optimization algorithms. The whole paper is 

coordinated into different sections. Section II explains the different optimization algorithms that come under category of nature 

inspired algorithms. Section III concludes the whole paper. 

II. OPTIMIZATION ALGORITHMS 

 Bee Colony Optimization: A.

Bee Colony Optimization is a meta-heuristic technique that is influenced from natural occurring phenomenon of honey bees and 

follows the concepts of Swarm Intelligence and Artificial Intelligence. BCO was developed by Lucic and Teodorovic in 2001 

[17] which was initially known as the name of Bee Systems.  As it is inspired from natural occurring system of honey bees it 

mimics their foraging behavior for finding the solution to combinatorial and optimization problems some of which are NP Hard. 

In Bee Colony Optimization artificial agents are used for mimicking the behavior of natural bees [6]. In Nature honey bees go 

outside from their hives for searching food which lie in their range. After searching for food everyone came back and deposit all 

the food collected in the hive. Same process is used for solving complex problems in BCO as artificial agents mimic the natural 

foraging behavior of honey bees which is the basic idea behind it [6]. Local set of rules are used by artificial agents for searching 

their search areas for solving a problem but these rules are not centralized even not ordered by a single agent i.e. everyone is free 

to move and can explore their search area in their own way. BCO is capable for solving many combinatorial and optimization 

problems by searching the most promising regions and giving local set of solutions which contribute to give a global solution for 

a given problem [16]. Two types of pass are used for solving a problem [4,6]. These are forward pass and backward pass which 

combine to make a single step. In forward pass, all artificial agents go outside to search their search space for finding their own 

local solutions. Individual exploration and historical information are used for finding solutions. The solutions so found can be 

partial or complete [16]. Once forward pass finished immediately backward pass starts. In backward pass all agents communicate 

with each other for exchanging their knowledge that they gathered in forward pass. The information exchange and 

communication is helpful for decision making process. The main purpose of decision making process is to check which of the 

solutions are to consider as candidate for global solutions. In decision making process only those solutions taken into 

consideration that are loyal to their own solutions rest all are discarded [16].   

 Ant Colony Optimization: B.

Ant colony optimization (ACO) took inspiration from the foraging behavior of ant species [8]. Ants used to deposit pheromone 

on ground to mark favorable paths that could be followed by all other colony’s members. ACO make use of probabilistic 

technique for the solutions of computational problems by finding good paths through graphs. ACO algorithm first introduced by 

Marco Dorigo and colleagues in early 1990’s [7] and inspiration for this development was taken by observation ant colonies [7 , 

8]. The observation so made from colonies gave the basic idea for ACO algorithm. The base for algorithm was foraging behavior 

of ants and particularly how ants could find the shortest path, among so many paths available, between food source and nest [8]. 

When ants search for their food they use to explore surrounding area of their nest in random manner. But when ants move, they 

tend to leave a chemical pheromone trail on ground. Ants can smell pheromone. While choosing their way, they tend to choose, 

in probability, paths marked by strong pheromone concentrations. At the point when ants find their food the evaluation process 

starts. In this process ants evaluate the quality and quantity of food so found and carries some of it back to nest. During the return 

trip to nest, the amount of pheromone that ant use to leave or deposit on ground now will depend upon the quality and quantity of 

food so gathered. Now this pheromone trail will guide other ants to the food source that enables them to find the shortest paths in 

between their nest and food sources [9]. There is always an indirect communication between ants through chemical pheromone 

trails which helps them to find the shortest path between their nest and food sources. 

 Particle Swarm Optimization: C.

PSO is based on stochastic optimization technique that was introduced by Dr. Eberhart and Dr. Kennedy in 1995 [10]. In this 

solution towards a problem started from random solutions and searching the most optimum that will be updated as the global best 

solution. In PSO particles, which are potential solutions, surrounds the problem space and evaluate their positions using fitness 

function that is problem dependent. The evaluation generally based upon velocity and position of the particle. The coordinates 

for every particle is maintained with respect to their solutions (fitness) and the solution value is called pbest value [15]. Than 

another best value is also obtained which are in neighbor of it. This location value is known as lbest value [15]. At the end when 

a particles takes all the population as its topological neighbor the best value so called is global best and is denoted as gbest value 
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which is the solution of the complex problems. As velocity and position are the basic evaluation parameters which get changed 

with every iteration so as to give a set of local solutions among which best solution is taken as global best solution. The random 

solutions so found are influenced by the best solution. PSO is a meta-heuristic technique that is capable of searching large space 

of solutions [15]. 

 Artificial Bee Colony: D.

ABC is basically a population based algorithm that makes use of honey bees for solving many complex problems by acquiring 

global best solutions that can be either be minimum or maximum depending upon the requirement of problem. Iteratively 

solutions are carried out until a stopping criterion has not met. ABC algorithm is basically a meta-heuristic technique and was 

introduced by Dervis Karaboga in 2005 [11] who were motivated by the behavior of honey bees. The algorithm so proposed was 

based on a model that was proposed by Tereshko and Loengarov in 2005 for foraging behavior of artificial agents i.e. honey 

bees. It make use of very few control parameters like size of colony, and a stopping criteria i.e. maximum cycle time [1]. 

Different types of agents are used for performing their specific task that will contribute towards the solution of complex 

combinatorial and optimization problems. These are: employed bees, onlooker bees, and scout bee [12, 14, 17].  Every employed 

bee is linked to a food source that will explore the information related to that food source and information can be like, distance of 

food source from nest, direction etc. While onlooker bees use to stay in the dance area of hive which will be on looking all food 

sources and help in decision making process [2]. The scout bees are responsible for exploring different types of food sources 

surrounding the nest by random search criteria that further will be given to employed bees for exploration. The whole process is 

consisted in a search cycle that is performed iteratively for finding global best solution of a problem [1]. The search cycle is 

given as [1]: 

1) Each employed bee search food sources and exploit their own food source for collecting nectar and dance in hive. 

2) Onlooker bee on looks the dance of every employed bee and observes its food source from the information shared by 

employed bee.  

3) At the end abandoned food sources (on the basis of their nectar amount) are replaced and scout bees are specified for 

new food sources. 

 The above search cycle is repeated until either stopping criterion is not met or global best solution is not carried out by 

algorithm. The selection of food sources depend upon the nectar values. The number of employed bees and onlooker’s bee are 

taken to be same [1]. 

III. CONCLUSION 

Nature inspired optimization algorithms, being inspired from the natural occurring species or their behavior, gave powerful ways 

to solve many complex combinatorial optimization problems among which some are even NP-hard problems which are not 

possible to solve otherwise. In this paper nature inspired algorithms like bee colony, artificial bee colony, ant colony and particle 

swarm optimizations are presented which leads to the creation of multi-agent systems and follow the core concepts like swarm 

intelligence, collective intelligence and artificial intelligence. The artificial agents lead to mimic the behavior of natural agents 

for solving many problems. This paper focused on the review of this nature inspired optimization algorithms which are 

contributing a lot by solving many complex problems. 
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