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Abstract
Data mining is the process to extract knowledge which uses 
Association Rule Mining (ARM) technique to find relationship 
between the data values/variables & generates quality rules. 
The quality rules generated through association rule mining are 
used for decision making and prediction. The classic example of 
association rule mining is Market basket Analysis. Optimization 
of ARM technique produces excellent rules that help in making 
more accurate decisions. In this paper a survey of association 
rule mining using Ant Colony Optimization (ACO) and Genetic 
Algorithm (GA) is done along with the comparative study of ACO 
& GA, which help in generating strong association rules.

Keywords
Data Mining (DM), Association Rule Mining (ARM), Genetic 
Algorithm (GA), Ant Colony Optimization (ACO).

I. Introduction
There are a lot of different types of data repositories around the 
world. A major issue is to utilize the knowledge or information 
from these data repositories. The hidden knowledge or information 
is extracted in the form of important patterns from these data 
repositories using data mining techniques like association rule 
mining. Association rule mining is the task of discovering 
interesting association among the large databases [19-20]. 
As shown in fig. 1, association rule are represented in the IF-THEN 
structure and IF THEN part is also known as Antecedent (A) & 
Consequent (C) respectively. In association rules any attribute 
and any number of attributes may appear in either antecedent or 
consequent, but both parts should not have a common attribute. 
An Association rule is represented as A→C & A∩C=∅.

Fig. 1: Basic Concept of Association Rules

The quality of each association rule is measured in the form of 
Support (s) and confidence (c) which are described as follows:

where, σ(N) represents total number of transactions.
σ(A∪C) represent total number of transactions that contain both 
A & C. 

where, σ(A) represents total number of transactions that contain 

only A.
σ(A∪C)  represent total number of transactions that contain both 
A & C. 
ARM is two-step process:

Find all frequent itemsets1. 
Generate association rules from these frequent itemsets.2. 

II. Genetic Algorithm
Genetic algorithm (GA) is [14] one of the oldest optimization 
algorithm, proposed by John Holland in early 1970. It is a popular 
optimization technique based on natural evolution. Genetic 
algorithm is population based heuristic search method. 

Fig. 2: Basic Concept of GA

As shown in fig. 2, it describes the basic concept of genetic 
algorithm. In the genetic algorithm, some operator (selection, 
crossover, & mutation) and control parameters (Chromosome 
Encoding, Population Size, Maximum Generation, Selection 
Method, Crossover Probability, Mutation Probability, and Fitness 
Function) are used for generating optimal solution of a problem. 
The working of genetic algorithm is as follows:

A. Working of Genetic Algorithm [5]
[Start] initialize population of n chromosomes (set of solutions 1. 
of a problem)
[Fitness] Calculate the fitness f(X) value of each chromosome 2. 
X in the population (set of solutions)
[New population] Create a new population by repeating 3. 
following steps:
Selection: Select two parent chromosomes from a population • 
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according to their value fitness (using roulette-wheel, ranking, 
tournament selection)
Crossover: With a crossover probability crossover (using • 
single-point, two-point, uniform crossover) the parents to 
produce a new offspring (kids). If no crossover was performed, 
offspring is an exact copy of parents.
Mutation: With a mutation probability mutate new offspring • 
(show diversity between new population old populations).
Accept: Place produce offspring to new population• 
[Replace] Use new generated population consider as an 4. 
initialize population.
[Test] If the stopping condition is satisfied then exit with the 5. 
best solution of problem (current population)
[Loop] Go to step 2.6. 

III. Ant Colony Optimization
Ant colony optimization (ACO) [16] was proposed by Marco 
Dorigo in early 1990. The ACO is inspired by the behaviour of 
real ants for food search with optimum paths. As shown in fig. 3, 
it describes the basic concept of ant colony optimization. 

Fig. 3: Basic Concept of ACO

It is population based Meta-heuristic search method. In ant colony 
optimization, some operator (Pheromone Update & Measure, Trail 
Evaporation) and control parameters (Number of ants, Iterations, 

and Pheromone Evaporation Rate) are used for generating optimal 
solution of a problem. The working of ant colony optimization 
algorithm is as follows:

A. Working of ACO Algorithm [15, 17-18]
Each ant searches for a minimum cost feasible partial 1. 
solution. 
An ant k has a memory Mk that it can use to store information 2. 
on the path it followed so far. The stored information can be 
used to build feasible solutions, evaluate solutions and retrace 
the path backward. 
An ant k can be assigned a start state sks and more than one 3. 
termination conditions ek. 
Ants start from a start state and move to feasible neighbor 4. 
states, building the solution in an incremental way. The 
procedure stops when at least one termination condition ek 
for ant k is satisfied. 
An ant k located in node i can move to node j chosen in a 5. 
feasible neighborhood Nki through probabilistic decision 
rules. This can be formulated as follows: 

An ant k in state sr =< sr-1; i > can move to any node j in its 
feasible neighborhood Nki , defined as Nki = {j | (j Є Ni) Λ (< sr, 
j >Є S)} sr Є S, with S is a set of all states. 

A probabilistic rule is a function of the following. 6. 
The values stored in a node local data structure Ai = [aij] • 
called ant routing table obtained from pheromone trails and 
heuristic values, 
The ant’s own memory from previous iteration, and • 
The problem constraints. • 
When moving from node i to neighbour node j, the ant can 7. 
update the pheromone trails τij on the edge (i, j). 
Once it has built a solution, an ant can retrace the same path 8. 
backward, update the pheromone trails and die.

VI. Comparative Analysis of GA & ACO
There are various differences between Genetic Algorithm (GA) and 
Ant Colony optimization (ACO) on the basis of bio-inspiration, 
representation, technique, operator, control parameters, useful, 
advantages and limitation are as follows:



IJCST  Vol. 5, ISSue 3, July - SepT 2014

w w w . i j c s t . c o m InternatIonal Journal of Computer SCIenCe and teChnology  113

 ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

Table 1: Comparative Analysis of GA & ACO [11-13] 
Term Genetic Algorithm Ant Colony Optimization
Proposed/
Developer Johan Holland M. Dorigo, V. Maniezzo and A. Colorni

Year Early 1970 Early 1990

Bio-Inspiration Theory of Evolution Behaviour of real Ants (Convergent social 
phenomenon in animal/microbes)

Methodology 

• Initialize population (set of solutions)
• Generate a fitness function
• Selection: a pair of population
• Crossover: produce new population from 
selected pair
• Mutation: show diversity between new 
population old population
• Evaluate best survivor 
• Stopping condition 

• Initialize pheromone trails and other 
parameters
• Construct solution
• Local search (improvement in solutions 
constructed by ants)
• Update pheromone
• Stopping condition 

Pseudo Code

begin procedure GA
initialize populations
generate fitness function
evaluate population
while(termination criteria not meet) do
{
     select solution for next population 
     perform crossover
     perform mutation
     evaluate population
}
post-process results and output
end GA procedure

begin procedure ACO
initialize pheromone trails and other parameters
while(termination criteria not meet) do
{
    construct solutions
    update pheromone Trails
}
post-process results and output
end ACO procedure

Technique Global Search Heuristic Method Meta-Heuristic 
Representation Binary, Real Number Undirected Graph
Operators Selection, Crossover, Mutation Pheromone Update & Measure, Trail Evaporation

Control 
Parameters

Chromosome Encoding , Population Size, Maximum 
Generation, Selection Method, Crossover Probability, 
Mutation Probability, Fitness Function

Number of ants, Iterations, Pheromone Evaporation 
Rate

Useful & 
Efficient when

• Traditional search method fails
• Multi-Objective Optimization
• Large, Complex & Poorly known - Search 
space
• Very complex and loosely defined problems
• No mathematical analysis is available

• Shortest path finding problems (e.g. 
Travelling Salesman Problem) relatively efficient
• Complex, combinational optimization 
problems
• Dynamic Applications

Advantages

• Provides good solution for difficult search 
space and with each iterations (next generation or 
time) solution gets better
• Quickly scans a vast solution set
• Bad proposals do not affect the end solution 
negatively as they are simply discarded

• Displays powerful robustness & easily 
accommodate with other algorithms
• Adaptive in nature (Adapt changes in real 
time)
• Distributed computing avoid premature 
convergence
• Rapid discovery of good solution with the 
help of positive feedback  

Limitations

• Difficult to implement using large 
parameters
• Difficult to implement on dynamic 
applications
• Tendency to converge toward local optimal 
solution if fitness function is not properly defined
• Not directly suitable to solve constraint 
optimization problem
• Longer Execution time (reduce by upgrading 
system configuration) 

• For implantation coding is not straight-
forward
• Prone to falling toward local optimal 
solution than global optimum of the problem 
because pheromone update according to current best 
path
• Though ACO, Convergence is guaranteed 
but time to convergence is uncertain
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V. Optimization of Association Rules
Ghosh et al. [1] proposed a method for mining association rules 
using genetic algorithm. Association rule mining problem always 
viewed as a single objective problem, but in this work association 
rule mining problem consider as a multi-objective problem. The 
interesting rules are evaluated through measure support count, 
comprehensibility and interestingness based on different objective 
of the association rule mining problem.
Saggar et al. [2] proposed a method for discovery of high-level 
prediction rules containing both negative & positive attributes. 
Normally the rule generate by association rule mining consider only 
positive attributes. In this work negative attributes of prediction 
rules was generated using genetic algorithm.
Peter et al. [3] proposed a method for producing rules with 
high comprehensibility, high predictive accuracy, and high 
interestingness values.  The fitness function of genetic algorithm 
for association rule mining was calculated with comprehensibility, 
j-measure, confidence and user-defined weights.
Anandhavali et al. [4] in this proposed method genetic algorithm 
was used to generate for association rules. Genetic algorithm has 
been applied on Genetic algorithm has been applied on frequent 
itemsets to generate rules containing positive attributes, the 
negation of attributes with the consequent part consist of single 
and more than one attribute.
Rupali et al. [5] proposed a method for generation of strong 
association rules. First generate rules using a classic apriori 
algorithm, and then genetic algorithm is used for optimization of 
association rules with a new fitness function which was divided 
into two classes’ c1 & c2 for discrete rules & continuous rules 
respectively. 
Rana et al. [6] proposed a method with two fitness functions of 
genetic algorithm for generating interesting association rules. 

In this method, the first fitness function is used for generation 
of frequent itemsets and second one if used for generation of 
association rules from frequent itemsets with some interesting 
measures. 
Gupta et al. [7] proposed a method with a new fitness function (with 
multi quality measures i.e. support, confidence, comprehensibility 
& interestingness) for optimization of association rules using 
genetic algorithm. In this method, apriori algorithm was used to 
generate frequent itemsets then the genetic algorithm applied on 
frequent itemsets to generate optimized association rules. 
Babita et al. [8] proposed a method for improving the result of 
association rule mining using ant colony optimization approach. 
In this method, first rules are generated with the help of the apriori 
algorithm then find weakest rules based on the threshold value. 
Second use ant colony optimization for reduction of association 
rules and produce better quality of association rules rules.
Arunadevi et al. [9] proposed a method for generation of optimal 
association rules for spatial data set using a hybrid evolutionary 
algorithm.  The hybrid algorithm was the combination of ant 
colony optimization and genetic algorithm. In this method, firstly 
all association rules were generated by association rule mining 
using apriori method.
Arunadevi et al. [10] proposed a method author extend their 
previous work. In this method there were two steps. In the first step, 
generate association rules using apriori algorithm, then applied 
hybrid evolutionary algorithm for optimization of association 
rules. The hybrid algorithm was the combination is ant colony 
optimization and genetic algorithm. In the second step, generate 
the cluster of association rules used for group segmentation. 
The comparative analysis of various GA and ACO approaches 
for ARM is as follows:

Table 2: Comparative Analysis of Various GA and ACO Approaches for ARM
Author Technique Purpose Conclusion/Future Scope

Ghosh et al. 
[1]

Association 
Rule Mining, 
GA

Consider ARM problems as multi-objective 
problem rather than as a single objective. 
Provide more accurate rules.

Random sampling method, need to use other 
sampling techniques like regression based or 
clustering based sampling.

Saggar et al. 
[2]

Association 
Rule Mining, 
Apriori 
Algorithm, GA

Concentrate only on discovery of high-level 
prediction rules using apriori & genetic 
algorithm.

Need to use the enormous robustness of GA 
in ARM. 

Peter et al. 
[3]

Association 
Rule Mining, 
GA

Find interesting & high predictive association 
rules to deal with a challenging NP-Hard 
ARM problem.

Need to work with continuous data since the 
current version handles only one categorical 
data.

Anandhavali 
et al. [4]

Association 
Rule Mining, 
Apriori 
Algorithm, GA

Genetic algorithm has been applied on 
frequent itemsets to generate rules containing 
positive attributes, the negation of attributes 
with the consequent part consist of single and 
more than one attribute 

Needs to minimize the complexity of GA 
and scanning of database by apply Baye’s 
theorem on generated rules.

Rupali et al. 
[5]

Association 
Rule Mining, 
Apriori 
Algorithm, GA

A new fitness function is used for 
optimization association rules. Fitness 
function divided into two classes’ c1 & c2 for 
discrete rules & continuous rules respectively.   

This approach need to incorporate with other 
techniques for more effective and efficient 
results. 

Rana et al. 
[6]

Association 
Rule Mining, 
GA

Use two fitness functions to generate 
intersecting rules. First function used for 
generation of frequent itemsets and second 
used for generating rules.

This algorithm can be used for further more 
applications of data mining and need to 
reduce the complexity. 
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Gupta et al. 
[7]

Association 
Rule Mining, 
Apriori 
Algorithm, GA

Used multi-objective features of GA for 
discovering the association rules with 
maximum accuracy and interestingness. 

Need to implement in parallel way, improve 
its complexity.  

Babita et al. 
[8]

Association 
Rule Mining, 
Apriori 
Algorithm, ACO

ACO used to improve the association rules 
by probabilistic scheme. Rules are reduced 
and number of rules is compared with the 
probabilistic value.

The proposed method can be used for multi-
level ARM.

Arunadevi et 
al. [9]

Spatial 
Association 
Rule Mining, 
Apriori 
Algorithm, GA, 
ACO

Optimize the rules generated by ARM 
(apriori), using hybrid evolutionary algorithm.

Enhance the approach using other 
optimization algorithms such as PSO.

Arunadevi et 
al. [10]

Spatial 
Association 
Rule Mining, 
Apriori 
Algorithm, 
GA, ACO, 
Clustering

This method was two step approach, first step 
is optimizing the rules generated by ARM 
(apriori), using hybrid evolutionary algorithm. 
Second, generate the cluster of association 
rules used for the target group segmentation.

This work can also used for the generation of 
classification rules.

VI. Conclusion
Association rule mining using traditional methods are not accurate 
& are inefficient for many complex problems. As a lot of works 
have been carried out on mining of high-level association rules 
with GA & ACO, so, this paper surveys the existing work on 
the application of GA & ACO in mining association rules and 
theoretical analysis of the methodologies adopted. So, the 
generation of optimized association rules using GA and ACO 
approach to provide better solutions for complex problems. In 
future research, these optimization approaches can be combined 
in different ways to generate interesting optimal association rules 
for decision making process.
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