
International Journal of Electronics Engineering Research. 

ISSN 0975-6450 Volume 9, Number 2 (2017) pp. 275-279 

© Research India Publications 

http://www.ripublication.com 

 

Ant Systems of Optimization: Introduction and 

Review of Applications 

 

Shipra1 and Priyanka2  and Vibha Aggarwal3 

1,2Department of Applied Sciences, College of Engineering and Management,  
Punjabi University Neighbourhood Campus, Rampuraphul, Punjab, India. 

3Department of Electronics and Communication Engineering, College of Engineering 
and Management, Punjabi University Neighbourhood Campus, Rampuraphul, 

Punjab, India. 

 

Abstract 

This paper overviews origin and some applications of ant system of 

optimization. Ants live in colonies. The colony can be regarded as a multi-

agent organization where each agent performs independently as governed by 

goal of colony survival.. On observing the behavior of ants, Ant-Algorithm 

was proposed. The ant algorithms have been extensively studied by European 

researchers. These algorithms have successfully been applied to solving many 

complex combinatorial optimization problems. This paper reviews the 

applications of ant system of optimization to travelling salesman problem, 

water resource problems and problems related to engineering and science. 

 

1. INTRODUCTION 

Ants are social insects and live in colonies. Their behavior is governed by the goal of 

colony survival rather than on the survival of individuals. When searching for food, 

ants firstly search the area surrounding their nest randomly. While moving, ants leave 

a chemical pheromone trail on the ground. Ants can smell pheromone. While 

choosing their path, they tend to choose, in probability, paths marked by strong 

pheromone concentrations. As soon as an ant finds a food source, it evaluates the 

quantity and the quality of the food and carries some of it back to the nest. During the 

return trip, the quantity of pheromone that an ant leaves on the ground may depend on 

the quantity and quality of the food. The pheromone trails will direct other ants to the 

food source and enables them to find shortest paths between their nest and food 

sources.  
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On observing the behavior of ants, Optimization algorithms imitating such a behavior 

were firstly proposed by Dorigo et al. in 1992 [1].The first ACO algorithm presented 

in the literature is called Ant System (AS) [2]. An improvement of AS is Ant Colony 

System (ACS) algorithm proposed by Dorigo and Gambardella [3]. Later on, 

introduces a new rank based version of the ant system and present results of a 

computational study [4].   Max-Min Ant (MMAS) algorithm was introduced in 1997 

[5]. These algorithms show interesting results and are competitive with other state of 

the optimization methods. However, more research work is needed to improve the ant 

colony algorithms to solve large volume of combinatorial problems. 

 

2. APPLICATIONS OF ANT SYSTEMS OF OPTIMIZATION 

ACO procedures have been applied to solve a broad set of problems. Ant system has 

been applied to combinatorial optimization problems such as the traveling salesman 

problem (TSP), the quadratic assignment problem Network Design Problems, vehicle 

Routing Problem, Location Problems, Assignment Problems, Facility Location 

Problems, Transportation Problems, Covering Problems, Network Flow Problems etc. 

 

2.1 ANT COLONY OPTIMIZATION TO TRAVELING SALESMAN  

         PROBLEM (TSP) 

The TSP has played a central role in ACO, because it was the application problem 

chosen when proposing the first ACO algorithm called Ant System and it was used as 

a test problem for almost all ACO algorithms proposed. 

Many researchers had used AS to solve travelling TSP problems. Johnson and 

McGeoch [6] surveyed a wide variety of approaches to the TSP and conclude that he 

best ones are all based on local search in one form or another. The researcher [7] used 

ant colony optimization to solve TSP problem and compare the quality of solution 

with optimal solution. He concluded that the quality of solutions depends on the 

number of ants. Hashim Ali et al. [8] compared ant algorithm with genetic algorithm. 

They conclude that whenever no. of iteration is less, ACO is better than genetic 

algorithm and calculate the optimal solution but whenever iteration increases, ACO 

the complexity of ant colony optimization increase as compare to genetic algorithm. 

 

2.2 ANT COLONY OPTIMIZATION TO WATER RESOURCES PROBLEMS 

Water resources systems analysis is the science of developing and applying 

mathematical operations research techniques to water resources systems problems 

comprised of reservoirs, ground water, rivers, watersheds, and distribution systems 

for single or multiobjective problems, deterministic or stochastic Problems. ACO 

applications to water resources problems are quite few and there is a great potential to 

apply ACO in this field. 
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Kumar and Reddy [9] proposed an Ant Colony Optimization algorithm for a 

multipurpose reservoir system. They use potential of ACO technique to derive 

suitable operating policies for a multi-purpose reservoir system. Moeini and Afshar 

[10] used three max-min ant system formulations for optimal operation of reservoirs 

using two sets of decision variables – storage and releases, and three graph form 

representations. It was shown that the max-min ant system formulation was successful 

in solving the problem of optimal operation of reservoirs with the releases settings 

been better than the others. Dariane and Moradi [11] used ant colony optimization for 

continuous domains (ACOR) to solve the optimal releases problem of reservoirs. Li et 
al. [12] developed a hybrid ant colony genetic algorithm model for groundwater long 

term monitoring to maximize sampling cost-effectiveness. Later on, Li et al. [13] 

developed a hybrid ant colony-simulated annealing method for groundwater 

parameter estimation. The inverse problem of parameter identification was formulated 

as an optimization problem. Maier et al. [14] applied traditional ant colony settings 

for optimizing two benchmark gravitational one loading conditions water distribution 

systems. 

 

2.3 ANT COLONY OPTIMIZATION IN SCIENCE AND ENGINEERING 

Many researchers have used AS to solve many Engineering Problems.  Saleh [15] 

explains how ants efficiently find their food using an indirect communication 

procedure and how their approach can be mimicked in designing GPS surveying 

networks. The researchers in 1999 used an ant colony meta-heuristic optimization 

method to solve the redundancy allocation problem (RAP) [16]. 

J. Eggers et al. [17] in their research paper describe the application of a standard Ant 

Colony optimization (ACO) algorithm to the problem of the arrangement of letters on 

a computer keyboard. They used ACO to find the best possible arrangement of letters 

on a keyboard. Another researcher   used ACO for data allocation in memory of 

supercomputers [18]. 

Alena Shmygelska et al. [19] introduced an ant colony optimization (ACO) algorithm 

to address the non-deterministic polynomial-time hard (NP-hard) combinatorial 

problem of predicting a protein's conformation from its amino acid sequence under a 

widely studied, conceptually simple model – the 2-dimensional (2D) and 3-

dimensional (3D) hydrophobic-polar (HP) model. 

S. Fidanova et al. [20]   showed that Ant Colony System approach can be successfully 

applied to the 3D protein folding problem. The folding achieved by his algorithm is 

very similar to the real protein folding when it is applied on short proteins. The 

obtained results were encouraging and the ability of the developed algorithm to 

generate rapidly high-quality solutions can be seen prediction of the protein folding 

by its amino-acid chains. 

3.  CONCLUSIONS 

There is currently a lot of ongoing activity in the scientific community to apply ant-

based algorithms to many different optimization problems. Recent applications cover 
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problems like vehicle routing, sequential ordering, graph coloring, routing in 

communications networks, and so on. Among the emerged metaheuristic optimization 

techniques, ant colony optimization (ACO) has received considerable attentions in 

problems related to TSP, water resources and widely used in engineering, science 

management, arts fields. Different versions of ACO have proved to be useful in 

solving number of complex problems in discrete and continuous domains with single 

and multiple objectives. 
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