
GA Based Model for Web Content Mining

Vikrant Sabnis, R. S. Thakur
Department of Computer Applications, MANIT, Bhopal, India

Abstract

Several methods are available for mining frequent patterns in 
web data, but mostly they suffer from the problem of huge 
candidate generation and number of database scans. In view of 
above a genetic based model for mining frequent patterns in web 
content data. In the proposed genetic operator, crossing over 
method leads to offspring which must survive the certain fitness 
test or conditions to become frequent pattern and ancestor for 
next patterns. In this way the useless individuals or candidates 
are pruned out thereby reducing the number of candidates for 
next test. Also this approach requires only one scan of database. 
Thus this model is able to address the issues of large number of 
candidate generation and number of database scans.

Keywords: Genetic Algorithm, Mutation, Crossing over, 
Population, Web content mining.

1. Introduction

Data mining involves the study of data-driven techniques 
to discover and model hidden patterns in large volumes of 
raw data [1]. The application of data mining techniques to 
Web data is referred to as Web data mining. Web mining 
is the application of data mining techniques to extract 
knowledge from web data, i.e. web content, web structure, 
and web usage data. The process may involve 
preprocessing the original data, integrating data from 
multiple sources, and transforming the integrated data into 
a form suitable for input into specific data mining 
operations [2],[3],[4],[5]. Web content mining involves 
efficiently extracting useful and relevant information from 
different web sites and databases.
Web content mining targets the knowledge discovery, in 
which the main objects are the traditional collections of 
text documents and also the collections of multimedia 
documents such as images, videos, audios, which are 
embedded in or linked to the Web pages [6][7][8][9].
Mining frequent patterns in dataset is a field of data mining 
that has received a lot of attention in recent years. There 
are number of ARM approaches reported in the literature 
[10][11][12][13][14]. But these traditional approaches 
suffer from the problem of number of database scans and 
candidate generation. Some attempts are reported in the 
literature to address these issues [15][16][17][18]
[19][20][21].

2. Related Work

R. Vijaya Prakash et. al. [22] has proposed the application 
of Genetic Algorithm (GA) for improvement of the
generation of Frequent Item set with numeric attributes 
instead of binary or discrete attributes. They have claimed 
that this approach will be advantageous in the discovery of 
frequent item sets during global search with relatively less 
time due to greedy approach.
For extracting useful information from very large 
databases Peter P. et. al. [23] have   formulated a 
generalized association rule mining model with a 
combination of genetic algorithms and a modified a-priori 
based algorithm. Their model maps association rule mining 
problem as a multi-objective combinatorial problem using 
genetic algorithm. The combination of genetic algorithm 
with a-priori query optimization yields faster results.
Minh Nghia Le et. al [24] presented frequent Schemas 
Analysis (FSA) of  Optinformatics, which  uses Binary GA 
to  mine  implicit frequent schemas. Their proposed mining 
algorithm mines interesting frequent schemas that exist 
implicitly within the archived Binary GA data based on 
pruning criteria. Algorithm significantly performs well 
over the naive FP-growth approach. 
G. Vijay Bhasker K. et. al. [25] proposed comparative 
study between apriori algorithm with genetic algorithm. 
The comparision has been done using 32 items, 10 
transactions and found that execution time of Genetic 
algorithm is much better than the apriori algorithm.
Xiaowei Yan a et. al. [26] designed a genetic algorithm-
based strategy for identifying association rules without 
specifying actual minimum support their work was based 
on elaborate encoding method and for fitness function they 
used relative confidence.

3. Genetic Algorithm and Its Process
Genetic algorithm (GA) [27] was first introduced by John 
Holland in 1975. This is based on evolution theory (natural 
selection and genetics) that employs optimization of search 
space. In other words it is an evolutionary computational 
strategy, because it is based on natural evolution selection 
of population on basis of their survivability.  Survivability 
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of population depends on the fitness constraint of 
environment (survival of fittest). GA is probabilistic search 
procedure using some genetic operators to a set of 
variables or genes in problem space. Environment defines 
the fitness of population in problem space. If a population 
supports minimum fitness in that environment condition, 
population survives and is included in population for 
further reproduction, otherwise population is rejected. In 
GA variables are represented by chromosomes. 
Chromosomes have set of genes, Gene is elementary unit 
of heredity and it is represented in two alternate forms i.e. 
alleles. One form is dominant character and another 
recessive character.  
Chromosomes cross over each other to produce offspring 
(or Progeny). This process is called recombination. Alleles 
are responsible for distribution of traits and observation of 
traits i.e. inherited in pair one from each parents. Alleles 
are responsible for survivability of offspring. On the basis 
of alleles we can analyze the mutation in individuals or 
offspring. The spontaneous change in individuals to 
produce unexpected traits is called mutation. It is rare in 
population. There are some factors that cause mutation and 
that factor is called mutant. Mutation may be sometime 
harm full for individual, traits or beneficiary for 
survivability, because mutation may increase or decrease 
fitness of individuals. Mutation may be helpful for 
optimization and searching solution in problem space [28].

Genetic Algorithms process is a three step searching 
goal state in problem space [28].
1- Initial population/ Reproduction:
Set of Variables are represented by chromosome or 

individuals. Variable may be Binary encoded form or real 
value etc. and each individuals associated with fitness 
value. On the basis of minimum fitness value or constraint, 
the population will be selected for reproduction.
2- Crossing Over:
Select two individuals from population randomly or on the 
basis of fitness value (Genetics theory healthy parents 
probable to produce healthy Childs). Cross over each other 
to produce offspring (progeny).
3-Mutation: 
Define probability of mutation inverted bit of off spring to 
improve fitness of individuals. The mutation may occur 
and may not occur in individuals. Mutation happens in a 
rare case. Calculate fitness value of offspring. If offspring 
satisfies minimum fitness value, select the individuals for 
further reproduction.
Repeat Crossing over and Mutation until we get the complete 
solution.   

4. Frequent Pattern Mining in Web Content 
Database using GA

The Apriori [10] and other traditional pattern mining 
approaches [11][12][13][14] generate many candidates 
which leads to increase in memory requirements and larger 
number of database scans. All these approaches use 
transactional datasets. Here GA based model is proposed 
for frequent pattern mining in web content database using 
various genetic operators (Reproduction, Crossover, 
mutation). This algorithm uses minimum threshold fitness 
as measure for selecting contents (items) as frequent. Web 
contents are represented as chromosomes or individuals 
and sessions are represented as alleles. Alleles are 
represented on chromosomes in the form of binary codes 
(1= dominants 0= recessive). In a chromosomes 1 indicate 
that content is visited in particular session and 0 indicate 
that content is not visited in a particular session. This is 
illustrated in the fig.1 below:

Session               Set of contents                                                 S1       S2        S3      S4
S1         {C1, C2, C3}                     ChromosomeC1=   1         1          1        0
S2                      {C1, C3}                            ChromosomeC2=   1         0          1        1
S3                      {C1, C2}                            ChromosomeC3=   1         1          0      1
S4                      {C2, C3}                         
                    

   Fig.1:  Binary representation of alleles in chromosomes 

Steps of Genetic algorithm for finding frequent 
contents:
1- Perform binary encoding of session and contents in the 
form of chromosome to create population.
2- Select initial population (all chromosomes-C) on the 
basis of minimum threshold fitness.  
3- Select two chromosomes-C as parent from initial 
population and perform arithmetic crossover (logical AND) 
to produce offspring. Because of arithmetic crossing over 
only common alleles are transferred in offspring, 
4- In Arithmetic crossing over, Possibility of mutation is 
0%. Perform inspection of mutation. Inverting bit of 
offspring is performed i.e. 1 is replaced with 0 or vice 
versa in case of mutation. 
5- Calculate threshold fitness for offspring. If offspring 
satisfies minimum threshold then select both parent 
chromosomes-C as frequent and all associated ancestor 
chromosomes are frequent and include offspring in 
population for reproduction.
6- If selected two parent chromosomes-C crossover with 
their parent (Sibling) to produce offspring and if offspring 
satisfies minimum threshold fitness then select all subsets 
of parent chromosome-C as frequent.
7-Repeats steps 3,4,5, until all possible frequent 
chromosome-C (content sets) are found or all population 
generated satisfies minimum threshold fitness. 
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Genetic Operation to find surviving population 
(frequent content sets) of chromosome-C
1- Selection of Initial population or Reproduction:
In web content dataset which have contents, they appear in 
a particular session (or how many objects are accessed). 
Binary encoding of each content set represents its access 
(visit) in the corresponding sessions. Define fitness 
function f(x) for the chromosome-C.
Fitness Function: 
Fitness function is a mathematical function to calculate the 
survivability of chromosome. Calculate percent support 
probability ratio of each chromosome-C or individual. 
Here items are treated as chromosome in the form of 
binary code. 

Where 
1= indicates item sold in a particular session. 
0= indicates item not sold in a particular session.           

The Fitness function support is given by  

      
( )

   
F s





Total Number of true bit in chromosome C

Total length of chromosome C

F(s)=         TDAc / TLc      
Where:
TDAc= Total dominants alleles in chromosome-C
TLc= Total length of chromosome-C
Percent support f(Sp)= f(s)*100= TDAc/TLc*100.
Relative percentage of each Individual is :
F(Rsp)=f(Sp)________

                  

Using above distributive measures fitness function evaluate 
fitness support of each individual in population.  Compare 
the each individual’s threshold value with user defined 
minimum fitness and Select all individuals as a  initial 
population on the basis of user defined minimum threshold 
fitness support value for survivability of individual in 
environment (problem space) for reproduction.  We have 
considered web content dataset D with content sets C= {C1, 
C2, C3, C4, C5, C6, C7} and 10 sessions which are shown 
in Fig.2.
Session Content set
S1 {C1,C2,C5,C6}
S2 {C2,C3,C6}
S3 {C1,C2,C4}
S4 {C2,C3,C7}
S5 {C1,C2,C4,C6}
S6 {C1,C3}
S7 {C2,C3}

S8 {C1,C3,C6}
S9 {C1,C2,C3,C6}
S10 {C1,C2,C3,C5}

Fig. 2: Dataset D

There are ten chromosomes (content set) in dataset D, their 
binary encoding are shown by Fig 3.

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10
Chromosome-
C1    

1 0 1 0 1 1 0 1 1 1

Chromosome-
C2    

1 1 1 1 1 0 1 0 1 1

Chromosome-
C3    

0 1 0 1 0 1 1 1 1 1

Chromosome-
C4    

0 0 1 0 1 0 0 0 0 0

Chromosome-
C5    

1 0 0 0 0 0 0 0 0 1

Chromosome-
C6    

1 1 0 0 1 0 0 1 1 0

Chromosome-
C7    

0 0 0 1 0 0 0 0 0 0

Fig. 3: Binary encoding of chromosomes (content set)

Evaluate fitness support percents of each Individual.
F(Sp)= (TDAc/TLC)*100                                           
Chromosome-C1= (7/10)*100=  70%
Chromosome-C2= (8/10)*100=  80% 
Chromosome-C3= (7/10)*100=  70%
Chromosome-C4= (2/10)*100= 20%
Chromosome-C5= (2/10)*100=20%
Chromosome-C6= (5/10)*100= 50%
Chromosome-C7= (1/10)*100=10%

We assume minimum support fitness= 20%
Individuals (chromosome-C7) do not satisfy the minimum 
support so that individual is not selected in initial 
population.

Then Initial population of individuals is:

Chromosome-C1    1       0     1      0     1     1      0       1       1       1
Chromosome-C2    1       1     1      1     1      0      1       0       1      1
Chromosome-C3    0       1      0     1     0      1      1       1       1       1
Chromosome-C4    0       0      1     0     1      0      0       0       0       0
Chromosome-C5    1       0      0     0     0      0      0       0       0       1
Chromosome-C6    1       1      0     0     1      0      0       1       1       0

According to our representation of chromosome we can 
select all individuals of initial population as frequent 1-
content sets.
One set Frequent contents are = {C1, C2, C3, C4, C5, C6}

2- Crossing over (Recombination):
      Choose two chromosomes from initial population on 
the basis of fitness value or randomly (copy some contents 
from one individual and other from another individuals) to 
produce full length of new offspring (child). There are 
number of ways of performing crossover like single point, 
two point, uniformly, and Arithmetic (AND operation) 
[29].  But here we are using arithmetic AND operation for 
crossing over two parents.
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Calculate fitness value of offspring if child is survivable 
then select for further reproduction. 
Step A:
Chromosome-C1    1      0     1      0     1     1      0       1       1       1
Chromosome-C2    1       1     1      1      1      0      1       0      1      1

                      AND arithmetic crossing over
Offspring (child) {C1, C2}c= 1       0      1     0      1       0      0        0       1      1                      

Fitness value of offspring= (5/10)*100=50%
Offspring satisfies minimum threshold fitness so both 
parents are selected as frequently associated. 

Result A: Two set frequent content ={C1,C2}

If among selected two parents from population any of them 
or crossover with his parent of sibling and generated 
offspring (child) are survivable then all sub sets of ancestor 
are frequently associated with that individual.

Step B: Suppose we are performing crossover between 
{C1, C2}C chromosome and Chrosome-C3.

Offspring (child) {C1, C2}c= 1       0      1     0      1       0      0        0       1    1       
Chromosome-C3                = 0       1      0     1     0      1      1       1      1    1
                                           Arithmetic AND crossing over 
Offspring (child) {C1, C2, C3}c= 0     0  0     0    0      0      0       0       1    1
    

Fitness value of Offspring (child) {C1, C2, C3}c 
=(2/10)*100=20%
Offspring {I1, I2, I3}c is survivable.

Result: B Three frequent content set = {C1, C2, C3}, as 
per property it’s all two item sub sets are frequent= { 
{C1, C2},{C1,C3},{C2,C3}}.

Step C: 
Suppose we  select two individuals {C1, C2, C3}c×Chromosome-C4 
Offspring (child) {C1, C2, C3}c= 0       0    0       0   0       0       0      0    1  1
       Chromosome-C4 =  0       0      1     0    1      0     0      0  0   0
                                                  Arithmetic AND Crossing over                  
Offspring (child) {C1,C2, C3, C4}c =  0    0      0     0     0     0      0      0    0    0

Fitness of Offspring (child) {C1, C2, C3, C4}c = 0% . 
Thus offspring did not survive and 4-itemset {C1, C2, C3, 
C4} is not frequent.

Result C
It means chromosome-C4 may be may not be 
associated with some subset ancestor of partner 
individuals.

Step D: 
Suppose we select two individuals {C1, C2}c × 
chromosome-C4 
Offspring (child) {C1, C2}c= 1       0      1     0      1       0      0        0      1    1
              Chromosome-C4 =    0       0      1     0      1       0      0       0       0    0
                                    Arithmetic AND crossing over
Offspring (child) {C1, C2, C4}c= 0     0      1     0     1        0      0       0       0     0

Offspring (child) {C1, C2, C4}c fitness = (2/10)*100=20%
Offspring (child) {C1, C2, C4}c is survivable so we can  
select both parents as frequent items. And sub set associate 
ancestor also frequent.
Result D:
{C1, C2, C4} is three set frequent content and {C1, 
C4}, {C2, C4}, {C1, C2} as two set frequent content 
sets. 

Step E: suppose we select Individuals {C1, 
C2}c×chromosome-C5
Offspring (child) {C1, C2}c= 1       0      1     0      1     0     0       0     1    1

                 Chromosome-C5 = 1       0      0     0     0      0      0       0     0    1
                                    Arithmetic AND Crossing over 
Offspring (child) {C1, C2, C5}c= 1     0      0    0      0       0     0       0       0   1
      

Fitness of (child) {C1, C2, C5}c= (2/10)*100=20%   

Result E: Offspring is survivable and {C1, C2, C5} is a  
frequent three content set and its all subset are {C1, 
C5}, {C2, C5}, {C1, C2} frequent.

Step-F: Suppose we select two individuals {C1, 
C2}c × chromosome-C6
Offspring (child) {C1, C2}c=           1       0      1     0      1     0     0       0     1    1
                  Chromosome-C6 =         1       1      0     0      1      0      0       1     1   0
                                       Arithmetic AND crossing over 
Offspring (child) {C1, C2, C6}c=     1     0       0      0    1    0     0      0      1      0

Fitness of offspring (child) {C1, C2, C6}c= 
(3/10)*100=30%

Result F: Offspring is Survivable and {C1, C2, C6} is a  
Three set frequent contents and {C1, C6} {C2, C6}, 
{C1, C2} are two set frequent contents.

Step G: Suppose we select two chromosome-C3× 
Chromosome-C6 
Chromosome-C3 =   0       1      0     1     0      1      1       1       1       1
Chromosome-C6 =   1       1      0     0      1      0      0       1      1       0
                                                 Arithmetic crossing over
Offspring {C3, C6}c=      0       1      0    0      0      0       0       1        1      0

Offspring (child) {C3, C6}c = (3/10)*100=30%

Result-G: Offspring is survivable and {C3, C6} is a two 
set frequent contents.

Note: Our selection process of population based on the 
fitness value and child parent sibling relationship. Because 
healthy parents produce probable healthy child and child 
cross over with parent sibling and offspring survives then 
all sub sets of ancestors of child are associated with parent 
sibling. We can also choose random population, but it will 
generate many useless crossing over operations.
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3- Mutation Analysis: 

Once crossing over was performed, Mutation may be take 
place. We can analyze mutation in binary encoded 
chromosome for inverting bit ‘one =1’ replace with 0 and 
vice versa.  
Chromosome-C= 1100010000= 1000100000 
Using mutation we can increase or decrease fitness of 
individual. It depends on mutant. But in the case of solving 
real problem when we analyze mutation operation it will 
depend on what are the goals of searching solution in 
problem space.
Arithmetic mutation transfers only common alleles 
(character) of parents to children. Survivability depends on 
the how many commons alleles are present in both parent 
chromosomes. In the arithmetic crossing over possibility of 
mutation is Zero percent. 

4. Conclusions

This genetic algorithm based approach needs only one 
dataset scan and during scanning the datasets are converted 
into chromosome. It generates less number of candidates 
or offsprings and does not require level by level candidate 
generation done in traditional approaches. This is good 
approach to get maximal itemsets. It is easy to implement 
as parallel process to get frequent itemsets. In this case 
each pair of chromosomes can run on individual processor 
and perform logical AND operations. In next pass only 
surviving offsprings are used to repeat same process to get 
higher size offspring.
Further we can extend our work by generating the 
association rules from the frequent content set. 
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