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Abstract—Due to rapid growth of the number of Web pages, web users encounter two main problems, namely: many 
of the retrieved documents are not related to the user query which is called low precision, and many of relevant 
documents have not been retrieved yet which is called low recall. Information Retrieval (IR) is an essential and useful 
technique for Web search. Because of its parallel mechanism with high-dimensional space, Genetic Algorithm (GA) 
has been adopted to solve many of optimization problems where IR is one of them. This paper proposes searching 
model which is based on GA to retrieve HTML documents. This model is called Information Retrieval Using Genetic 
Relation Algorithm   (IRUGRA).  It is composed of two main units. The first unit is the document indexing unit to 
index the HTML documents. The second unit is the GA mechanism which applies selection, crossover, and mutation 
operators to produce the final result, while specially designed fitness function is applied to evaluate the documents. 
IRUGRA is a promising technique in Web search domain that provides a high quality search results in terms of 
recall and precision.
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I. INTRODUCTION

The World-Wide Web provides users with access to an abundance of information. Users query particular 
information from the Web using web search engines, and these web search engines apply the information 
retrieval (IR) techniques to produce the needed information. Information Retrieval is primarily devoted to 
extracting relevant information in response to user query. The increasing amount of information on the web 
raises new and challenging problems for information retrieval which is denoted as web search problem. 
Recently, IR problems have gained a considerable importance, and most studies argue that IR can be seen as a 
standard optimization problem (Marghny and Ali, 2005; Petridis, Kazarlis and Bakirtzis, 1998; Deb, 1998). 
Therefore, many researches are directed towards the use of Genetic Algorithms (GAs) for developing such a 
system which has proved its simplicity and capability as a powerful search mechanism to solve many scientific 
and engineering problems (Minaei-Bidgoli and Punch, 2003; Asllaniand and Lari, 2007; Losee, 1996; Deb, 
1998). As is clear from its title, the goal of this paper is to utilize the concept of GA with a significant 
improvement to produce what is called: “Information Retrieval Using the Genetic Relation Algorithm 
(IRUGRA) model”.

II. THE DESIGN OF INFORMATION RETRIEVAL USING GENETIC RELATION ALGORITHM (IRUGRA)

IRUGRA consists of two main units. The main purpose of the first unit, namely indexing, is to extract the 
meaningful keywords from the documents and represent them in a way that makes the process of finding relevant 
documents efficient. GA is the second unit of IRUGRA and is utilized in this paper as a core of its behavior. This 
unit compares the user query with the indexed documents to retrieve the relevant set of documents and display 
them in a descending order according to a relevance measure.

More precisely, in order to obtain high quality results, additional units need to be combined with IRUGRA, 
namely, the query formatting unit and the ranking unit. These units are outlined as shown in Figure 1.
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Figure 1: The units of IRUGRA

III. THE DESIGN OF HYBRID CROSSOVER

The proposed crossover operator chosen to be implemented in IRUGRA is a combination of reordering 
crossover (Vrajitoru, 2000), fusion crossover (Vrajitoru, 1998) and one-point crossover (Marghny and Ali, 2005). 
When genes within a chromosome are ordered based on their fitness value and the order is important, then the 
crossover applied to such chromosomes is called a reordering crossover. In fact, the order of genes in the 
proposed crossover to is important as it represents the ranked documents that will be displayed to the user. If one 
offspring is to be produced from the crossover process rather than two then it is called a fusion crossover. 
Combining these two techniques together and applying a one- point crossover on them forms the new crossover 
suggested in the GA unit of IRUGRA.

The cross point cp is selected randomly to perform a one-point crossover. In this example it is 3. Because the 
first gene of x has a greater fitness value than the first gene of y, x's genes along with the fitness values are 
considered as the first three genes of O. To complete the genes values of O, the other three genes are copied 
starting from the leftmost position of y. Then a competition between the genes in both x and y is done to complete 
the creation of O. Because the gene at position cp+1 in y has a greater value than that of x, then y’s genes are 
copied into O (step C in Figure 2). Once all positions in the offspring are populated with genes, these genes are 
ordered from higher to lower based on their fitness value (step D in Figure 2). The algorithm of hybrid crossover 
is illustrated in Algorithm. 

Figure 2: Illustration of the hybrid crossover process
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Algorithm: The hybrid crossover operator

Prerequisite: Both parents are of same length and the genes are sorted with respect to their fitness value.
Select crosspoint cp randomly such that 0 < cp < parent length.
gmax= max gene(f(x1), f(y1)) --compare fitness value of first gene in both parents
parent 1= chromosome with gmax

Create offspring such that: O
= g1, g1 cp
= g2, g2 cp, g2 O and length(O) 
If length (O) < length(parent1)
begin
g`max= max gene(f(xcp +1), f(ycp +1))
parent 1`= chromosome with g`max

Copy genes from parent 1` to O such that genes are unique in O
end;
Order genes in O in descending order with respect to their fitness value.                                      

IV. MUTATION

Mutation is the last genetic operator used in the GA unit of IRUGRA. In mutation, one or more genes are 
selected randomly to be replaced by other genes according to some criteria. It causes the individual genetic 
representation to be changed according to some probability pm ranging from 0.001 to 0.7. Because of its 
importance and effect on the generated chromosome, it is applied in this system with probability of 0.7.

An example of the mutation applied in this work is illustrated in Figure 3 where the numbers in this figure 
represent the fitness value of genes at these positions. The chromosome represented here is a continuation to the 
one shown in Figure 3. The position of mutation is selected randomly (position 7 in this example – Step B). The 
gene at this position is replaced by another gene selected randomly from the space such that it has a better fitness 
value or the same as the replaced one. In this example, the new value is 23 and it is better than the original one: 
13 (Step C). This new value is unique within this chromosome; therefore it is exchanged with the original one. 
Then genes of this chromosome are re-ordered in descending order according to their fitness value to produce the 
new chromosome (Step D).

Figure 3: Illustration of the applied mutation in IRUGRA

V. EXPERIMENTS AND RESULTS OF IRUGRA

The measures used to evaluate the performance of IRUGRA. These measures are recall at rank N, precision at 
rank N and precision at recall M, where N is multiples of 10 and M is multiples of 10%. The storage space 
required to store the indexed documents using the enhanced inverted index (EII) is compared with the space 
required by the vector space model. 

A. The Comparison between the Hybrid Crossover and Two-Point Crossover
The first experiment in the crossover comparisons is to study the first measure denoted as precision @ top N. 

In this experiment, the comparison will be done between the hybrid crossover technique and the two-point 
crossover, abbreviated as “2-point CO” 
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Figure 4 and Table 1 show the precision @ top N retrieved documents. It is shown that the GA unit of 
IRUGRA using hybrid crossover has much better performances than the 2- point crossover (referred to as “2-
point CO” in this figure) for the reason mentioned above. Moreover, the hybrid crossover achieves 0.86 at the top 
10 retrieved documents, while the 2-point crossover achieves only 0.34. In other words, hybrid crossover 
achieves an improvement of 152.84% at top 10 over the 2-point crossover.

The second measure to be considered in evaluating this technique is the recall @ top N. Figure 5 shows that 
the recall @ top N retrieved for the hybrid crossover starts from 63% until it reaches 85% at R@60. That means 
this technique is capable of retrieving 85% of the total relevant documents at top 60 retrieved documents. 
However, the 2-point crossover technique starts by retrieving 31% of relevant documents at top 10, and as a 
whole it retrieves only 35% at top 100 retrieved documents. That implies hybrid crossover achieves enhancement 
of 104% at R@10 and drops to 82.32% at R@100. These results are shown in Table 2.

The third measure is the precision @ recall which evaluates the precision percentage when retrieving 
multiples of 10% of relevant documents. In other words, this measure evaluates the purity of the results from the 
irrelevant documents.
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Figure 6 shows the performance of the proposed hybrid crossover over the 2-point crossover. By using the 
hybrid crossover, the GA unit of IRUGRA was able to achieve 99% of relevance when retrieving 30% of the total 
relevant documents. This percentage reduces to 87% when retrieving all the relevant documents. However, the 
two-point crossover has 50% of relevant documents when retrieving 30% of relevant documents, and this 
percentage dropped to 31% when retrieving all relevant documents. These scores show that the hybrid crossover 
managed to achieve an enhancement of 130.07% in the average over all 10-points shown in Table 3 for the 
precision @ recall measure.

B. Comparing the Hybrid Crossover and Non-ordered Crossover
Another alternative technique for crossover is the one-point crossover applied to non- ordered chromosomes 

(abbreviated as Non-Ordered CO) to produce one offspring. What differentiates this technique from the hybrid 
crossover technique is that the genes within the chromosome are not ordered according to their fitness value. 
Thus, good genes (genes that have high fitness value) are scattered throughout the chromosome resulting in a 
chromosome having a mixture of good and bad genes distributed arbitrarily within the chromosome. Applying a 
one-point crossover on such a chromosome results in swapping these mixed genes from one side of the cross 
point to the other side without any noticeable improvement.

Although non-ordered crossover techniques is much better than the two-point crossover, it is still not able to 
beat the proposed hybrid crossover. Referring to Figure 7 of P@N measure, it is shown that this technique starts 
at a precision of 0.86 at the top 10 retrieved documents and ends with a precision of 0.22 at the top 100 retrieved 
documents, as compared with 0.58 and 0.13 for the same points for the hybrid crossover technique. That means 
the second technique is enhanced from 48.12% to 70.62%. These scores are illustrated in Table 4.
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When comparing this technique with the hybrid crossover technique in terms of R@N measure as illustrated 
in Figure 8, it is noticed that the non-ordered crossover performance ranges between 39% at R@ top 10 and 51% 
at R@ top 100. This means that this technique lags behind hybrid crossover technique by 60.33% to 68.11%. 
Table 5 lists the scores for each point of the scale of R@N measure.

The last measure to be compared between the non-ordered crossover technique and the hybrid crossover is the 
precision @ recall measure. The results are shown in Figure 9. The performance of the former technique ranges 
between 0.92 at P@R10 and 0.43 at P@R100, compared with hybrid crossover which ranges from 1 at P@R10 to 
0.87% at P@R100. As demonstrated in Table 6, it is found that the proposed technique enhanced the performance 
by 102.89% at P@R100.

VI. CONCLUSION:

A  new crossover technique is presented called hybrid crossover. The proposed techniques are compared
with the existing ones in terms of the three measures, precision at top N (P@N), recall at top N
(R@N) and precision at recall (P@R). Each operator is examined using these three measures and the
results are presented graphically and numerically. The hybrid crossover is compared with 2-point cross 
over and non-ordered crossover. In all cases, hybrid crossover of IRUGRA performance is good than other
existing techniques.
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