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Abstract
Association rule mining is the essential part of data mining process. 
In a given large database of customer transactions need huge 
optimization to make it better. Association Rules are called the 
Strong rules if the rules satisfy the minimum support threshold 
(min_sup) and a minimum confidence threshold (min_conf) value. 
Researchers developed a lot of algorithm to optimize the rules but 
genetic algorithm is one of the famous algorithm to optimization 
the rules. Genetic algorithm is an adaptive heuristic search 
algorithm based on the evolutionary ideas of natural selection 
and genetics. In this paper we represent a survey of association 
rule mining using genetic algorithm.
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I. Introduction
Data Mining is a process of discovering the useful knowledge 
from the large amount of data where the data can be stored in 
databases, data warehouses (A data warehouse is a “subject-
oriented, integrated, time varying, non-volatile collection of 
data that is used primarily in organizational decision making 
[1].), OLAP ( on line analytical process ) or other repository 
information[2]. Data mining is a part of a process of KDD 
(Knowledge Discovery in Database). KDD process has the 
various steps such as Data Selection, Cleaning, Pre-processing, 
Transformation and Knowledge representation. Data Mining is 
the process of automatically searching large volumes of data for 
patterns using tools such as classification, association rule mining 
and clustering [3].

A. Data Mining Tasks
The main tasks of data mining are generally divided into two 
categories: Predictive and Descriptive [9] - Predictive is used 
to predict the future values of a particular attribute based on the 
current values. Descriptive is used to extracted previously unknown 
and useful information such as patterns, associations, changes, 
anomalies and significant structures, from large databases.

B. Data Mining Functionalities

1. Concept/Class Description: Characterization and 
Discrimination:
Data can be associated with classes or concepts that can be 
described in summarized, concise, and terms. Such descriptions 
of a concept or class are called class/concept descriptions.  Data 
Characterization is a summarization of the general characteristics 
or features of a target class of data. The data corresponding to 
the user-specified class are typically collected by a query. Data 
Discrimination is a comparison of the target class data objects 
against the objects from one or multiple contrasting classes with 
respect to customers that share specified generalized feature(s) 
[4].

(i). Association Analysis 
Association analysis is used to find the relationship between 
the items. These relationships are expressed as a collection of 
association rules [4]. Association analysis is widely used for 
market basket or transaction data analysis. It is the discovery of 
association rules showing attribute-value conditions that occur 
frequently together in a given set of data [9].

(ii). Classification and Prediction
Classification is the process of finding a model (or function) that 
describes and distinguishes data classes or concepts. Prediction 
is used to predict the future values based on the current values. 
Prediction values are continuous valued functions, i.e. it is used 
to predict missing or unavailable numeric data values rather than 
class labels. Prediction can be used for both numeric prediction 
and class label prediction [4].

(iii). Clustering Analysis 
Clustering is a data mining technique that makes meaningful or 
useful cluster of objects that have similar characteristic using 
automatic technique. The objects are clustered or grouped based 
on the principle of maximizing the intra-class similarity and 
minimizing the inter-class similarity [4].

(iv). Evolution and Deviation Analysis 
Data evolution analysis describes and models regularities or 
trends for objects whose behavior changes over time. Deviation 
Analysis capability, which automates the comparison of discovered 
processes and clearly visualizes their differences [4].

II. Association Rule Mining
Association rule mining is the one task of the data mining which 
discover interesting associations among the items in dataset [5]. 
It is first introduced in 1993 by the Agrawal et al. Market-basket 
analysis is the example of association rule mining. Association 
rule mining is used to find the relationship between the itemsets 
or the rules.
In general, the association rule is an expression of the form 
X=>Y, where X is antecedent and Y is consequent. Association 
rule shows how many times Y has occurred if X has already 
occurred depending on the support and confidence value. Many 
algorithms for generating association rules were presented over 
time. Some well known algorithms are Apriori, FP-Growth and 
genetic algorithm [6].
Each association rule has two quality measurements, Support 
and Confidence [7].
Support of a rule X   Y is defined as:
Support = Sup (XUY) / N
Where N is a total number of transactions.
Confidence of a rule X   Y is defined as 
Confidence = Sup (XUY) / Sup (X)
Rules are called the Strong rules if the rules satisfy the minimum 
support threshold (min_sup) and a minimum confidence threshold 
(min_conf) value. 
Association rule mining is a two-step process:
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Step 1: Find all frequent itemsets. By definition, each of these 
itemsets will occur at least as frequently as a pre-determined 
minimum support count.
Step 2: Generate strong association rules from the frequent 
itemsets. By definition, these rules must satisfy minimum support 
and minimum confidence.

A. Basic Concepts
Let T be a transaction database, where each transaction t is a set 
of items such that t is subset of I and I={i1,i2 ,..in} be a set of 
items. An itemset X is a set of items
{i1, i2,..ik } , 1 ≤ k ≤ n such that X is a subset of  I. An itemset 
which consists of k items is called k-itemset.
 An association rule is an expression of the form A⇒B where 
A, B are itemsets. In a transactional database, a rule A ⇒ B 
can be written with support (sup) s and confidence (conf) c, if 
the transaction contains AUB for s% of time and also if c% of 
transactions that contain A also includes B. Given T, the task of 
association rule mining is to extract all rules that satisfy user 
specified minimum support (min_sup) and minimum confidence 
(min_conf) thresholds. The itemsets that satisfy the min_sup 
threshold are called frequent itemsets. The rules which satisfy 
both min_sup and min_conf thresholds are called interesting rules 
[5]. 

III. Apriori Algorithm
Apriori Algorithm [8] is proposed by R.Agarwal and R.Shrikant 
in 1994. This algorithm is used to find the frequent itemsets. This 
algorithm perform a level-by-level search starting from the single 
item sets and proceeding to large item sets, so apriori algorithm is 
also called the level-wise approach. This algorithm examines not 
only all the frequent itemsets but also those non-frequent itemsets 
whose all subsets are frequent.
Apriori algorithm has two steps that are performed at each 
iteration, so this algorithm also called the iteration approach. 
The steps are:

Join Step
To find LK, a set of candidate K-itemsets is generated by joining 
LK-1 with itself. This set of candidates is denoted by CK. Join 
LK-1  × Lk-1 is performed where members of LK-1  are joinable 
if they have K-2 items in common [9].

Prune Step
CK is a subset of LK, member of CK may or may not be frequent 
but all of the frequent K-itemsets are included in CK. If the support 
is less than the min_sup then prune the itemset and CK is subset 
of LK. If its itemsets are not subset of CK then prune the itemsets 
[9].
Example:
TID List of Items

T1 I1, I2, I3

T2 I2, I3, I4

T3 I3, I4, I5

T4 I2, I4, I5

T5 I1, I2, I3

Fig. 2: All Electronics Database
Suppose the minimum support count is 2.
Step 1: Generating 1-itemset Frequent Pattern

In Table 1 Scan the data set and count each candidate. Then in 
Table 2, compare candidate support count with the minimum 
support count and prune the itemsets from the Table 1, which 
have the support is less than minimum support.

Table 1: Candidate 1- itemsets (C1)
Itemset Support
I1 2

I2 4

I3 4

I4 3

I5 2

Table 2: Frequent 1- itemsets (L1)
Itemset Support
I1 2

I2 4

I3 4

I4 3

I5 2

Step 2: Generating 2-itemset Frequent Pattern
Generate C2 candidates from L1
In Table 3 Scan the data set and count each candidate. Then In Table 
4 compare candidate support count with the minimum support 
count and prune the itemsets from the Table 3, which have the 
support is less than minimum support

Table 3: Candidate 2- itemsets (C2)
Itemset Support

I1, I2 2

I1, I3 2

I1, I4 0

I1, I5 0

I2, I3 2

I2, I4 1

I2, I5 1

I3, I4 2

I3, I5 1

I4, I5 2

Table 4: Frequent 2- Itemsets (L2)
Itemset Support

I1, I2 2

I1, I3 2

I2, I3 2

I3, I4 2

I4, I5 2
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Step 3: Generating 3-itemset Frequent Pattern
Generate C3 candidates from L2
In Table 5, Scan the data set and count each candidate. Then In 
Table 6, compare candidate support count with the minimum 
support count and prune the itemsets from the Table 5, which 
have the support is less than minimum support

Table 5: Candidate 3- Itemsets (C3)

Itemset Support

I1, I2, I3 2

I1, I3, I4 0

I2, I3, I4 1

I3, I4, I5 1

Table 6: Frequent 3- Itemsets (L3)
Itemset Support

I1, I2, I3 2

Apriori Property: All subset of a frequent itemset must also be 
frequent. The 2-item subset of {I1, I2, I3} are {I1, I2,}, {I1, I3} 
and {I2, I3}. All 2-item subset of { I1, I2, I3}are members of L2 
Therefore, keep { I1, I2, I3}in C3. { I1, I2, I3} itemset is a frequent 
itemset.

IV. Genetic Algorithm
Genetic Algorithm (GA) [11] was first proposed by John Holland 
in 1970 [10]. GA is very popular algorithm for the optimization 
technique. It is a searching algorithm. This algorithm works in an 
iteration manner by generating new population of strings from the 
old ones. Every string is encoded into binary, real etc. An evolution 
function associates a fitness measure to every string indicating its 
fitness for the problem.
For Example: If UPS and CPU then Computer Not laptop.
It can be represented in binary string by two types of methods.
Method 1:  1   1   1   0
Presence or occurrence of the item is represented by 1 at the ith 
position of the item[i] and absent of the item is represented by 0 
at jth position of the item[j].
Method 2:   00 1 01 1 10 1 11 0
If there are N bits then used the (logN/log2) bits to represent each 
item. One extra bit is used for present and absent of the item. Here 
two bits are used to represent the product id and one bit is used 
to represent the presence and absence of the item. In example, 
00 is used for the UPS, 01 is used for the CPU, 10 is used for the 
Computer and 11 is used for the laptop.
Note: In second method bold bits are used to represents the presence 
and absence of the items, simple bits are used to represents the 
product id of the items.
GA has the some operators that are used in the GA.

A. Selection
The basic idea of selection is that it should be related to fitness, 
and the original scheme for its implementation commonly known 
as the Roulette-Wheel method. 
Roulette-Wheel uses a probability distribution for selection in 
which the selection probability of a given string is proportional 

to its fitness [11].
Ranking the chromosomes in fitness order loses some information 
but there is no need for re-scaling and selection also is simpler 
and more efficient [10].
Tournament Selection: In this, set of t chromosomes is chosen 
and compared the best one being selected for parenthood. This 
approach has similar properties to linear ranking for t=2. It is very 
easy to see that the best string will be selected every time and it 
is compared [10].

B. Crossover
It is very simple to replacing some of gens in one parent by 
corresponding of others gens [10].
for example gives two chromosomes,
Chromosome1 10001001110010010
Chromosome2 01010001001000011

Choose a random bit along the length, say at position 9, and swap 
all the bits after that point [11].
The resultant chromosomes becomes
Chromosome1 10001001101000011
Chromosome2 01010001010010010

3. Mutation
After a crossover is performed, mutation takes place. 
Modify the chromosomes for single individuals. Any bit in the 
chromosomes is mutated by a certain rate that is, changing “0” 
to “1” and “1” to “0” [10].
After mutation is performed, the population is ranked with the 
help of fitness function. Apply genetic algorithm on the selected 
population from the database and compute fitness function after 
each step until the genetic algorithm is terminated [10].

V. Related Works
Yan et al., process based on the genetic algorithm-based strategy for 
identifying association rules without specifying actual minimum 
support. The authors designed a generalized FP-tree to implement 
EARMGA algorithm. In this authors used the tomour dataset. This 
dataset contains five attributes such as groups, futime, number, 
size and recurrences. Authors modified a genetic algorithm 
through modify the fitness function. EARMGA approach has 
two benefits: (1) high-performance association rule mining; (2) 
system automation. EARMGA has been used genetic algorithm 
to Boolean for the generation of high quality chromosomes. Then 
generate quantitative algorithm for mining the association rules. 
This algorithm does not require the actual minimum support 
[7]. 
Anandhavalli M. et al., [11] dealt with a challenging association 
rule mining problem of finding optimized association rules. In this 
authors used the lens dataset which contain the four attributes such 
as (1) Age of the patient with three values: young, pre-presbyopic 
and presbyopic; (2) Spectacle prescription with two values: myope 
and hypermertrope; (3) Astigmatic with two values: no and yes; 
(4) Tear production rate with values reduced and normal. First 
authors apply the apriori algorithm on the dateset to generate 
the frequent itemsets then genetic algorithm is applied on the 
generated frequent itemsets to generate the rules containing the 
positive attributes and the negation of the attributes with the 
consequent part consisting of single attribute and more than one 
attribute, and then discovered the optimized rules.
Amy H.L. Lim et al., introduced GA as hybrid to the existing 
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association rule algorithm to achieve two objectives. (1) First 
objective is to complement the existing association rule algorithm 
to support upward closure through the introduction of correlation 
to replace support and confidence as measures in association 
rules and fitness function in GA. (2) The second objective is to 
introduction correlation as fitness function in GA [12]. Experiment 
based on an online hotel reservation system.
J.Malar Vizhi and Dr. T.Bhuvaneswari used multi objective 
evolutionary framework for association rule mining, used 
tournament selection, multipoint crossover methods and adopted 
Michigan approach to represent the rules as chromosomes, where 
each chromosome represents a separate rule. Authors use other 
technique to minimize the complexity of the genetic algorithm. 
Moreover, they tested the approach only with the numerical and 
categorical valued attributes. Purpose of   Genetic Algorithm 
is used to generate high quality of association rules with four 
metrics they are confidence, completeness, interestingness and 
comprehensibility. These metrics are combined as an objective 
fitness function [13]. Fitness function evaluates the quality of each 
rule. The advantage of using genetic algorithm is to discover high 
level prediction rules.
Rupali Haldulakar and Prof. Jitendra Agrawal: Association rules 
are called the strong rules when the rules satisfy the minimum 
support value and the minimum confidence value. Authors used 
Abalone dataset obtained from UCI machine learning repository. 
The dataset has 4177 samples. It is composed of a discrete attribute 
and 8 continuous attributes. To generate the frequent itemsets, 
first apply the apriori algorithm on the dataset after that used 
the optimized technique. Genetic algorithm is the best optimized 
technique to optimization the association rules. Modify the genetic 
algorithm by changing the fitness function. In this, fitness function 
divides into two classes’ c1 and c2 one class for discrete rule and 
another class for continuous rule. Through this direction get a 
better result [14].
Wilson Soto and Amparo Olaya-Benavides proposed a genetic 
algorithm for discovery the association rules. Authors extracted 
the dataset from the UCI repository for machine learning. 
Nursery dataset have 9 attributes and 12960 instances. The 
characteristics of proposegenetic algorithms are: (1) the individual 
is represented as a set of rules. (2) The fitness function is a set of 
criteria combination to evaluate the rule’s quality-high precision 
prediction, compensability and the interestingness. (3) Subset 
Size-Oriented Common feature Crossover Operator (SSOCF) is 
used in crossover stage. (4) Mutation is calculated through non-
symmetric probability and selection strategy through tournament 
[15]. In this, authors show the high quality of rules.
Stephen G. Matthews et al., In this, genetic algorithm approach is 
capable of discovering itemsets that occur more frequently over 
a short time interval of a transactional dataset. Authors used the 
synthetic dataset. Fitness function is evaluated using the relative 
support of the itemset over its lifespan. The genetic algorithm is 
an enhanced approach for simultaneously searching the itemset 
space and temporal space. The advantage of this approach is that 
it does not exhaustively search the dataset or require any prior 
partitioning [16]. 
Ms. Ruchi Saxena modify the genetic algorithm through the 
modification is performed for selecting the best chromosomes 
from the previous generations. First load the dataset and convert 
the dataset into numeric values then apply the apriori algorithm 
on the association rules, after that define the fitness function for 
the specified support and confidence values then generate the N 
chromosomes randomly depending upon dataset length then iterate 

it [17]  and select the rules which satisfies the fitness condition 
(according to genetic algorithm).
Sanat Jain, Swati Kabra designed a new algorithm for mining 
positive and negative association rules in database and optimized 
the positive and negative association rules using genetic algorithm. 
Apply the apriori algorithm on the dataset to generate the frequent 
item sets with the minimum support then represent the frequent 
item sets as binary encoding through the Michigan approach 
(each individual encodes a single prediction rule). Select the two 
members (strings) from the frequent item set then apply the GA 
(Genetic Algorithm) operators to generate the association rules 
and find the fitness function for each rule [18].
K. Poornamala et al., Modify the FP-tree algorithm. In this, 
first apply the genetic algorithm on the dataset to optimize the 
large dataset to get high quality chromosomes. Then advanced 
frequent pattern tree is used to mine the frequent itemset without 
generating conditional FP-tree [19]. This algorithm mined the 
frequent itemset with the compressed tree structure.
M.Ramesh Kumar, Dr.K.Lyakutti proposed a genetic algorithm 
(GA) based on association rule mining for the prioritization of the 
rules. Fitness function is designed based on the user’s interesting 
measure and M is the threshold value of interesting measure. 
Fitness function includes the All Confidence (AC) and Collective 
Strength (CS) other than the confidence and support [20].
FF= {w1 * AC (F) + w2 * CS (F)} / (w1 + w2)
Where w1 and w2 is a user defined weights. This is reduced the 
number of rules generated in four datasets have used.
The algorithm is been tested for the four data sets like Adult, 
Chess, Wine, Zoo. They presented a novel algorithm for the 
rule prioritizing, generated by the apriori algorithm through the 
application of genetic algorithm. This approach significantly 
reduces the number of rules generated in the data sets.
After surveying different techniques on Association Rule 
Mining Using Genetic Algorithm we defined the advantages and 
disadvantages of the various techniques defined by various authors 
in the table below:
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Table 7: Comparison the Various Techniques of Genetic Algorithm
Techniques Advantages / Merits Disadvantages/Future Direction

Association Rule 
Mining, GA

The proposed methodology is based on 
the GA-based strategy for identifying 
association rules without specifying 
actual minimum support. This approach 
has two benefits: (1) high performance 
association rule mining. (2) System 
automation.

This approach is apply in the real-world 
applications [7].

Association Rule 
Mining, GA, Support, 
Confidence

Authors dealt with a challenging 
association rule mining problem of 
finding optimize association rules. GA 
has been applied on generated frequent 
item sets to generate the rules containing 
positive and negative of the attributes. 
The results reported in this paper are 
very promising since the discovered 
rules are of optimized rules.

This technique need to minimize the 
complexity of GA and scanning of database 
by applying theorem on generated rule [11].

Techniques Advantages / Merits Disadvantages/Future Direction

Association Rule 
Mining, GA

The proposed methodology is based on 
the GA-based strategy for identifying 
association rules without specifying 
actual minimum support. This approach 
has two benefits: (1) high performance 
association rule mining. (2) System 
automation.

This approach is apply in the real-world 
applications [7].

Association Rule 
Mining, GA, Support, 
Confidence

Authors dealt with a challenging 
association rule mining problem of 
finding optimize association rules. GA 
has been applied on generated frequent 
item sets to generate the rules containing 
positive and negative of the attributes. 
The results reported in this paper are 
very promising since the discovered 
rules are of optimized rules.

This technique need to minimize the 
complexity of GA and scanning of database 
by applying theorem on generated rule [11].

Association Rule 
Mining, GA

Authors introduced GA as hybrid to the 
existing association rule mining. Two 
objective of proposed algorithm are: (1) 
Complement the existing association 
rules algorithm and introduction of 
correlation to replace support and 
confidence. (2) Introduction correlation 
as fitness function. 

It is difficult challenged to face by users 
in specifying the support and confidence 
parameter values [12]. 

Association Rule 
Mining, GA, Data 
Quality Mining

Authors used multi-objective 
evolutionary framework for association 
rule mining. This technique is used to 
minimize the complexity of GA. GA 
is used to generate a high quality of 
association rules and to discover high-
level prediction rules. This approach 
tested only with the numerical and 
categorical valued attributes.

In this paper, other techniques are used to 
minimize the complexity of GA. These 
techniques also intend to extend the 
algorithm proposed in this paper to cope with 
continuous data [13].
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Association Rule 
mining, GA

In this, GA approach is capable of 
discovering item sets that occur more 
frequently over a short time interval 
of a transaction dataset. It does not 
exhaustively search the dataset or 
require any prior partitioning.

In future, it includes the real dataset to 
indentify meaningful rules [16].

Association Rule 
Mining, GA, Apriori 
Algorithm

Authors modify the GA through 
modification is performed for selecting 
the best chromosomes from the previous 
generations. Proposed algorithms 
outperform the GA in terms of time and 
quality.

Select the best chromosomes from the 
previous generations with the other 
techniques [17].

Optimizatio, GA, 
Association Rule, 
Apriori

Authors designed a new algorithm for 
mining positive and negative association 
rules in database and optimized the 
positive and negative association rules 
using genetic algorithm.

This technique is used to minimize the 
complexity of the genetic algorithm [18].

Data Mining, FP-Tree, 
Association Rule 
Mining, GA

In this, GA is used to optimized the large 
dataset to get high quality chromosomes 
then apply the modify FP-tree.

This algorithm will be mined the frequent 
itemset with the compressed tree structure 
[19].

Association Rule, 
Apriori, GA 

The proposed genetic algorithm based 
association rule mining algorithm for the 
prioritization of the rules. This approach 
significantly reduces the number of rules 
generated in the data sets. The fitness 
function is designed in such a way that 
to prioritize the rules based on the user 
preference. 

The technique can be extended by the 
incorporation of the other interesting 
measures in the literature to future work [20].

VI. Conclusion
In this paper, those algorithms are explained that are dealing 
the association rule mining using the genetic algorithm. Genetic 
algorithm is used to optimization of the association rules. Many 
researchers have improved the genetic algorithm by modifying or 
changing the fitness function or by modify the selection techniques. 
Some of researchers like Anandhavalli M. et al., Rupali Haldulakar 
and Prof. Jitendra Agrawal, Sanat jain et al., etc used the genetic 
algorithm for the optimized the association rules and some of 
researchers like Wilson Soto et al., Stephen G. Mtthews et al., etc. 
used for discovering the association rules and some of researchers 
like Ms. Ruchi Saxena, M.Ramesh Kumar et al., etc. modify the 
genetic algorithm by modify the selecting techniques or by modify 
the fitness function. In future, we will used the genetic algorithm 
for reducing the number of scanning of database or to find the 
better association rule set and will find the quality rule sets for 
association rule mining
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