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Abstract:

Enhancing the result standards of Web search and user experience, lately apprehended a lot of interest from the
researchers. This paper intends to present a novel method for refining the search engine results corresponding to a user
query. The proposed system makes the use of click through data to improve the present rankings of the Web pages and
making it easier to distinguish the relevant Web pages from the irrelevant ones which would result in greater allegiance by
the users. This is achieved by using the query log of a search engine. This paper provides a method to calculate the
similarity of a query with the available Web pages and then cluster them accordingly. To achieve higher precision of
results, the clusters are re-arranged once more.
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I. Introduction

Billions of users interact with the Internet on a day-to-day basis [1]. They formulate and issue their queries to the search engine,
traverse through the search results, click some pages and reformulate their queries. Most of the time they are not able to find the
desired information within the top ranked documents displayed. This requires users to refine their queries again and again [2]. But
this query refinement is limited to 2-3 words only [3] [4] [5] that does not convey the users’ search interest to the search engine. It
results in plenty of irrelevant information offered to the Internet users. This keeps them far from the actual results causing the
unsatisfaction with the performance of existing search engine results [5][6]. This problem is referred as information overkill [7].
So, the brief queries are unable to provide any meaningful, relevant and desirable information about the users [8]. But according
to [9], query log files helps in achieving the desirable information about the user interest. Nowadays, lots of Web applications are
working for the prediction of users’ navigational behavior by using Web log mining but, very few of them are working for
enhancing the search engine results.

This paper proposes an approach for improvising search engine results by using the concept of similarity, clustering and support
factor. Similarity is used to find out similar queries among the large number of queries. Clusters are used to group the similar
queries at a single place. Support factor is used to rank the resultant links inside a cluster. The main aim of the proposed work is to
improve the current ranking algorithms which would certainly meet the user’s expectations of higher relevancy. The rest of the
paper is organized as: section Il describes the related work, section Il explain the problems available with the results optimization
techniques. Section IV describe the working of proposed architecture. Section V provides the process of experimental set up and
their corresponding achieved results and section VI discusses the achieved results and section VII, finally conclude the paper.

2. Related Work

A traditional rank optimization technique uses keywords for clustering the queries. It argues that the queries that contain exact
keywords are likely the same and would be satisfied by the same set of Web documents. Authors Neelam Duhan and A.K Sharma
[9] proposed a system that used a combination of clicked URLs and keywords for clustering the similar queries. It then calculates
the weights of URLs which are further used for calculating new ranks. An algorithm to recommend related Web pages
corresponding to user’s query had been suggested. Similar approach had been used by [10] [11] [12].

Yinglian Xie and David O’Hallaron in [13], proposed a system based on caching technique. They found that the popular queries
with high repetition frequencies were shared among different users. Thereby, placing the Web pages in server/ proxy cache.
Further, they brought forward the idea of caching at the user side to fulfil the demands of queries that are referred within the short
time span.
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The study of [14], presented a system by incorporating implicit user behaviour to improve the ranking of top results in real Web
search setting. To improve the effectiveness of retrieval results, authors combined the implicit feedback with the ranking
algorithms on large scale operational environment. To do this, they collect a random sample of 3000 queries from search engine
query log file. They interact with the system over a period of 8 weeks and they found 1.2 millions unique queries and 12 million
individual interactions with the proposed system. They average the results over three random samples that splits of the overall
dataset and each split contained 1500 training, 500 validation, and 1000 test queries. At last they summarize their result in tabular
form and showed a little bit significant improvement over methods that do not consider implicit feedback. They also reported an
improvement of 31 % in total precision of results.

In [15], authors proposed a technique that could discover cluster of similar queries and similar URLSs. For this purpose they
operated bipartite graph where vertices are used for queries and URLs. Edges were used to join the vertices of this graph. They
executed agglomerative clustering to the graph’s vertices to determine the related queries and URLs. They designed two
algorithms for this purpose and implemented it on Sun UltraSPARC by using 266MHz processor with 1.5 GB of physical memory
and took ten hours to perform the operation. At the end they declared that the content aware cluster is able to judge the importance
of the contents of all the Web pages.

3. Problem Formulation
There are certain challenges in the above stated techniques that are needed to be overcome for creating a more efficient search
mechanism that would provide higher relevancy and these challenges are as follows:

o Very few researches are present related to the optimization of the search results[9].

e Number of different clicked URLs may be small. Since user’s feedback is not considered, many noisy search results that
are not clicked by any users may be analysed as well [16].

e Natural Language queries are inherently unclear. For example, think of a user submitting the query “canon book”. Due to
unclarity in the query terms, the results obtained could be related either to religious or to photography[17].

e According to a study ([17]) of 2 months of a query log file data, 32.6% queries were limited to two words and 77.2%
queries are limited to three words only. These short queries are often puzzling that provides insignificant knowledge to
search engine which may result in few relevant and a bundle of irrelevant information returned to the end user resulting
in the problem of information overkill.

e Caching technique, stated in [13] would satisfy only a particular set of clients, ignoring the entire user range.

e Moreover, the use of bipartite approach can judge the importance of the Web pages but it also increases the time
complexity of the algorithm [15]. Further this technique was not able to explore prosperous source of knowledge and
latent URLs from search engine log files.

So the problems mentioned above are resolved by the proposed approach using clustering and ranking the similar queries.

4. Proposed System

The proposed system of clustering and ranking the Web pages is shown in Figure 1. User enters a query to the search engine
interface; search engine provides a list of pre-processed Web pages from its database. Next, the user’s queries and navigational
behavior are stored in the query log for future references. Data from the query log is transferred to the similarity calculator which
calculates the similarity between each query with each other possible query avilable in query log file.
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Figure 1: Proposed Architecture for ranking and clustering the search results

Then, based on these similarity values, clustering module clusters the queries into their respective groups. After clusters
formation, support factor is calculated which gives the support value for each Web page in the cluster. At last clusters are arranged
in descending order of their support values which would be used as a reference in future.

The whole process of clustering the query is organized into following modules:

4.1. Similarity Calculator

This module is used for calculating the similarities between two queries collected from the Web query log. In the proposed
system, similarity is defined as the ratio of total number of unique pages between the two queries referred by the users to the total
number of common references between the queries [12].

No. of unique pages

Similarity Calculator =
No. of common references

Lower values for similarity means the queries are almost similar and if the similarity value is 0, it means that the queries could be
satisfied with the same set of Web pages. On the other hand, if there are not many common references, it would result in higher
similarity value. And lastly, if the queries do not have even a single common reference it would be considered as not applicable
(NA) for similarity calculation. Further those query that are found NA cannot be grouped in one cluster with other query.

4.2. Clustering Module

Clustering module clusters the queries according to a threshold value decided for the similarity. Queries that have a similarity
value less than the threshold value are clustered in one group whereas queries that have a value higher than that of the threshold
are grouped in another cluster. Further, there are some queries that do not have any common references between them. As those
queries are not compatible with any other query, those are clustered accordingly.

4.3. Support Factor (SF) calculator

Support is the measure of how relevant is the Web page in the cluster. This module is responsible for the union of all the Web
pages corresponding to the clustered queries. It measures the support of a Web document as the percent of the clicks of those
particular Web pages to the total no of click count of the clustered Web pages [13]. It is estimated from the query log as well.
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click count of the Web page
total click count of the cluster

*

Support Factor =

4.4. Rank Calculator

Finally this module is used for calculating the new ranks of the Web documents that are clustered before. Ranking is done on the
basis of support factor. Web document that has highest support factor is ranked first and so on. The complete process of ranking
and clustering is shown in Figure 2.

Algorithm: Algorithm forranking and clustaring the quernies.
Input:Data fromquerylog, Similanty (5), Thresholdvalue=th, totalno. of quenes=n,
total click count=Tec and Click countofa Web page=ce.
Cratput: Eanked clusters.
start of algonthm
Step 1: Beceives the input from querylog file.
Step 2: Calculate the similarity value for eachpair of queries as:
S0, Q) =No. ofunique pages ' no. of comumeon refarences (clicked docwmnents)
wherei=0tonandj=1ton-1

Step 3: Decide ‘th’ value. usedin clustenng the queries
Step 4: Foreach similanty value(s) assignment of queriesto clusters
for(1=0; i<n-1:1++)
i
for (j=i+1; j<=n;j++) forwarding queries to clusters
{
If(S(00, Q0 ==(th)
c1=0Qi.Qj
else
c2=00 0 cl andc? arename of clusters

.
k3
E

Y
3

For quen'ésthat do not have ary conemon references between them are notclusteredtogether.
Step 3: Take the union ofthe Web pages comresponding to the clustered quernies.
to avold redundancy
Step 6: Calculate thetotal click count { Tec) ofthe Web pagesz liesin cluster.
Tee=0;
For{j=1; i< no. of clustered Web pages; i++)
Tee=Tect+ cefi] s ofallthe click counts mthe cluster

Step 7: Calculate the support factor of eachWeb page as:
Support factor[i]=ccfi]  Tee
Step &: Sortthe Web pages according to the support factorin dezcending order.
Step 9: Eetumedranked cluster.
Step 10: Stop

Figure 2: Proposed algorithm for ranking and clustering the Web pages

The step 1 of this algorithm, obtains the input from the query log that can be used in step 2 for calculation of the similarity value
for each possible pair of queries. A thresh hold value is assumed in Step 3 for clustering the queries. Step 4 checks the similarity
value of each query. If this similarity value of selected Web pages is less than the threshold value then these Web pages are
clustered in one group. Queries having higher similarity values are clustered within the other group. Step 5, takes the union of all
the Web pages to avoid the redundancy of Web pages. Step 6 and step 7 demonstrates the calculation of support value. Finally,
step 8 arranges the Web pages in descending order on the basis of the support factor values. Step 9, returned the ranked clusters to
the search engine for future reference and step 10 stops the working of algorithm.

5. Experimental Setup

Each search engine maintains its record of given query and the links access by the user in its log file. A typical log file shown in
[9] and [18], mainly contains (1) User ID, (2) Queries entered by user, (3) URL clicked by user, (4) click counts and (5) Time of
submission of query to the search engine. But, for evaluation of proposed approach authors required only four fields from the
above stated fields i.e. user id, entered query, clicked URLs and the number of times the corresponding URL has been clicked. To
verify the validity of proposed approach, it is not possible to conduct a detail evaluation on the achieved server data. That’s why,
only a sample query log with 14 queries with required data is taken into consideration. The following three parameters are tested
while performing the experiment i.e. similarity, cluster formation and support factor.
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Query no. User id Queries Documents Clicked Click count

Q1 13509 Samsung WWW.Samsung.com 5
Phones WWW.gsmarena.com 10
gadgets.ndtv.com 3
Q2 13509 Mobile gadgets.ndtv.com 8
phones WWw.amazon.in 3
Q3 13510 Samsung WWW.Samsung.com 5
prices Www.gsmarena.com 6
WwWw.mysmartprice.com 25

Q4 12567 Samsung WWW.Samsung.com
India gadgets.ndtv.com 5
WWw.mysmartprice.com 8
WwWw.amazon.in 10
Q5 16009 IPods www.apple.com 10
www.walmart.com 12
Q6 15688 IPad www.apple.com 15
www.bestbuy.com 2
Q7 15689 Samsung WWW.Samsung.com 14
Mobile price WWW.gsmarena.com 10
list WWW.mysmartprice.com 23
Q8 13570 Sony WWW.S0NY.CO.in 21
Q9 13571 IPad mini www.walmart.com 7
www.apple.com 9
www.bestbuy.com 12
Q10 13571 Samsung WWW.Samsung.com 11
Galaxy Www.gsmarena.com 10
WWw.mysmartprice.com 2
Q11 13571 Nokia WWWw.amazon.in 9
phones www.nokia.com 14
www.microsoft.com 15
Q12 13409 Samsung s WWWw.gsmarena.com 11
WWw.mysmartprice.com 10
WWw.samsung.com 11
Q13 13410 Lumia 720 www.nokia.com 12
www.microsoft.com 5
Q14 12227 IPad air www.apple.com 5
www.walmart.com 6
www.bestbuy.com 7

Table 1: Sample query log for Practical evaluation

5.1. Similarity

Similarity between two every possible pair of queries is calculated (as per the parameter discussed in section 4) and is shown as
below:-

(Q1, Q2)=3/1=3 (Q1,Q3)=2/2=1 (Q1,Q4)=3/2=1.5 (Q1,Q5)=NA (Q1,06)=NA (Q1,Q7)=0 (Q1,Q8)=NA (Q1, Q9)=NA
(Q1,Q10)=2/2=1 (Q1,Q11)=NA (Q1,Q12)=2/2=1 (Q1,Q13)=NA (Q1,Q14)=NA

Similarly for other queries, the values of similarity was calculated and is avilable with the authors.

5.2. Cluster Generation

Cluster 1 is formed with the help of similarity values calculated above (in section). In cluster 1 every possible pair has a similarity
<=1. Hence, the queries are grouped together.

C1-{Q3, Q7,Q1, Q10, Q12}

Apart from all the possible pairs in clusterl, cluster2 contains Q2 and Q4 also has a similarity value 1. But the reason for not
grouping them in cluster 1 is the similarity value of Q2 with Q3, Q7 Q10 and Q12. Most of the values are NA (not applicable) so
they can’t be clustered together

C2-{Q2, Q4}
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In cluster 3, Q5, Q6, Q9 and Q14 are the queries that are not compatible with any other query apart from each other. Similarly,
Q5 is not applicable with any other query apart from the queries Q6, Q9 and Q14. Similarly, Q6 is not applicable with any other
query apart from Q5, Q9 and Q14.

C3-{Q5, Q6, Q9, Q14}

Similarly Q11 and Q13 are not similar to any other query in the data. But S(Q11, Q13)=0.5 that indicates the queries are quite
similar.

c4-{Q11, Q13}

Q8 doesn’t have any common references with any other query. So it is clustered in an individual group

C5-{Q8}

5.3. Support factor of the Web pages corresponding to the clustered queries

The support factor of each cluster is calculated according to the parameter discussed in previous section. Table 2 shows the final
optimized results of cluster 1. It must be noted that the Support Factor calculation affects the final ranking of Web page inside a
cluster and places the most relevant Web page on the top of the cluster.

Links corresponding to cluster 1 Total Click- | Support
(c1) Count (%)
WWW.Samsung.com 46 29.299
WWW.gsmarena.com 48 30.573
gadgets.ndtv.com 3 1.91
Www.mysmartprice.com 60 38.216

Table 2: Implimented Cluster 1

5.4. Proposed ranking for a query in cluster 1
e Www.mysmartprice.com
e Www.gsmarena.com
e Www.samsung.com
e gadgets.ndtv.com

6. Discussion of Results

Furthermore; on the basis of basic concepts used, a critical look on available search engine results optimization techniques
provides the differences (shown in Table 3) with the proposed optimization approach. The evaluation of proposed work showed
that the ranking and clustering method displayed the results in structured and responsive way as opposed to the results returned by
other search optimization techniques. According to the proposed algorithm, more similar query links are grouped into one cluster
and unsimilar links in other cluster. Now user can select any desired link of any cluster which will reduce the search space and
time also.

Characteristics Comparison
Parameters [19] 120] 21] 0] Proposed
approach
Feature used Web Log Data set from different Web log Web log Web log
heterogeneous sources
Query sample size Not known Not known 6 14 14
Ranking before Yes Yes Yes Yes No
clustering
Clustering of Fuzzy C means K- Means Query Query Query
results similarity similarity similarity
Re-ordering of No No No No Yes
results
Complexity Yes Yes Less than Less than Less than [9]
[20] [21]
Optimization Probabilistic Probability based Similarity Similarity | Similarity and
algorithm used models support factor
Number of clusters Not known Not known in advance Known Known Not Known
In advance

Table 3: Comparison between different search engine optimization results

7. Conclusion

This paper has proposed a search engine results optimization technique based on query logs, ranking and clustering the results for
implementing effective Web search. The main attraction of this approach was based on determination of similarity of user query
words. Based on the obtained similarity value the results were grouped into separate clusters. Moreover, these results were ranked
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in their respective clusters which provides more important links at the top of displayed results. The proposed algorithm ranks the
similar pages in same cluster and unsimilar in other cluster. Now user can select any desired link which reduces the search space
of the user. The results obtained from the evaluation of proposed work had been found quite effective in reduction of search space
and time.
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