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Abstract: 
Search engines are an absolutely essential tool for obtaining information from the World Wide Web, as the number of available 

results on the web is huge. As a result, any user or service relevant data becomes too big to be effectively accessed by a user. 

Thus, if a user wants results pertaining to his interest, he has to sequentially check each result until it finds the relevant search 

result. This is time consuming and inefficient. Our system clusters search results containing similar content under a common 

category. These categories cover every possible domain. Along with this, prioritizing these categories according to the user’s 

interest. Extracting user query results, processing the extracted results, extracting the user’s interests and finally hierarchically 

clustering the results. The results are represented to the users with the help of a GUI. 
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I. INTRODUCTION 

 

A web search engine is software designed to search for 

information on the World Wide Web. The search results are 

generally presented in a line of result often referred to as 

search engine result link. The information may be a mix of 

web pages, images, and other types of files. When a user 

enters a search query, it is a few keywords and a few sites are 

contained in the keywords of the searched query itself and 

these are instantly obtained. Although, the real processing is to 

generate the other pages in the search results list. Every page 

in the list is weighted to determine the relevance of the list. 

Then the results in the list require look up and refining of the 

snippets showing the context of the weighted keywords 

matched. Every search engine has its own set of parameters 

considered to determine weightage and relevance of a search 

result in the result list. Most search engines use the 

commercial path in providing relevance to the search results 

based on their page hits i.e. the current popularity of the site. 

Based on a user searched query there may occur relevant 

results belonging to numerous domains. Sometimes even a 

common search query keyword belonging to multiple domains 

at the same time. In such situations, every such domain should 

either be given equal relevance, or relevance with respect to 

the users’ interests. Our system classifies the results of a web 

search query under different categories and displays them with 

the help of a GUI. Along with this prioritizes the results based 

on the user’s interests. Our aim is to make it more convenient 

for the user to find relevant content by categorizing the results 

according to their desired interest extracted using Facebook. 

For this our system carries out a process consisting of the 

following steps. Firstly, the user enters the query to be 

searched. The search engine then provides a list of result to the 

searched query. The system accesses the snippet and title 

description of each search result and removes morphologically 

common keywords using the Porter’s Stemming Algorithm. 

This basically transforms variant word forms to their common 

root called stem. This is to ensure such results end up in the 

same cluster. Next, the stemmed keywords are tagged 

according to their part of speech and only nouns among them 

are considered as keywords. In the next step, the similarity of 

the search results based on their keywords will be quantified. 

This is necessary to determine the list of results that must 

belong to a particular cluster based on their proximity. The 

proximity and distance of a result w.r.t another is determined 

using the Jaccard’s Similarity Coefficient (JSC). Results 

obtained by the JSC define the results forming a cluster based 

on difference between their respective Jaccard’s Coefficient 

values. The pairs of results having more number of common 

keywords will have higher JSC. The output of this step (the 

JSC matrix) is then used as the decision-making parameter for 

the clustering algorithm to form clusters of results. In the third 

step, the Agglomerative Hierarchical Clustering algorithm 

(AHC) is used to group the results into a specified number of 

clusters. In the final step, these clusters are displayed to the 

user with the help of a GUI. 

 

II. EXISTING SYSTEM 

 

A web search engine is software used to search any 

information on the World Wide Web. When a user enters a 

query into a search engine, query keywords matching with any 

site’s index are instantly obtained. There are multiple methods 

involved in generating the results that are not obtained 

instantly changing from engine to engines. Currently, search 

engines provide links as results which may not entirely be 

relevant to user query. Most search engines employ methods 

to prioritize the results to provide the most appropriate results 

first according to the search engine. Methods to decide the 

results/pages that are an appropriate match and the order of the 

same vary with every engine. Search engines nowadays decide 

the relevance of the search results merely on the basis of the 

popularity of the results i.e. the page hits. For example, when 

one searches for keywords such as “Fan” or “Jaguar”, links 

related to the basic definitions of these keywords i.e. “Ceiling 

Fan” and “Jaguar – The Animal” are not displayed at all on the 

first few pages. Apart from this, they even display irrelevant 

advertisements above the search results.  This has led to the 

user relevant search results to either being given least 

relevance or not being displayed at all. Every keyword 

searched by a user may have relevance under every domain. 

For example, a keyword such as “Vector” has some meaning 
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in the field of mathematics, Java programming language and 

in the entertainment domain. But due to the methods followed, 

some domains are not displayed at all. Thus, if the user wants 

results pertaining to a certain category/domain of content, he 

has to sequentially check each result to find the document of 

relevance which uses a lot of the user time just to find the 

result that is essential according to him. On a brighter side, 

Carrot2 is an Open Source Search Clustering Engine that 

clusters results under different categories. It makes sure not to 

use page hits to display the results. Although the categories are 

not according to the user’s interests and relevance as there 

does exist randomness. Our system clusters the search results 

into categories based on their snippet content and then list 

them according to the user’s interest eventually decreasing the 

time spent by users and improving efficiency. 

 

III. RELATED WORK 

 

A. Google Custom Search API:  

In computer programming, an application programming 

interface (API) is a set of subroutine definitions, protocols, 

and tools for building application software. Google’s custom 

search API has been used to create a search engine. 

Configurations in building the search engine has then been 

done on the search engine built. A public URL and API key 

given by Google custom search is used to then make users to 

access the engine. The results from the search query fired are 

extracted using the ATOM API in JSON format using the 

Google custom search.  

 

B. Facebook Graph APi: 

The Graph API is used to get data from Facebook's platform. 

Graph API has been used to extract user’s interests in terms of 

likes and the general “about me” information from the user’s 

Facebook account. It's an HTTP-based API that is used to 

query the user’s Facebook data. The user’s interest data is then 

compared with the clustering algorithm results to arrange and 

prioritize the clusters based on the more relevant results 

according to the user’s interest extracted out from Facebook 

using the graph API. 

 

C. Porter Stemming Algorithm 

Stemming is the process of reducing morphological similar 

words under the assumption that they are also semantically 

similar. Now while building the search engine, we have made 

sure that keywords that have similar or same meaning are 

reduced to their root form. The Porter Stemming algorithm has 

been used in the system for the same. Morphological similar 

words are clubbed together under the assumption that they are 

also semantically similar. It uses a large set of rules that can be 

accessed and run very quickly and do not require the rule of a 

lexicon.  

 

Some Porter Stemming rules are as follows: 

• Replace “sses” by “ss” (E.g. Stresses stemmed to 

 stress).  

• If suffix is us or ss. Do nothing (E.g. Stress stays  

Stress). 

• Replace “eed”,” eedly” by “ee”. (E.g.  Agreed    

 Stemmed to Agree, feed stays feed). 

 

D.  Part of Speech Tagger: 

The stemmed words are tagged using a part of speech tagger 

that makes sure that the words can be classified under nouns, 

verbs, adjectives etc. Only the stemmed words that are tagged 

as nouns are considered as keywords in our system. 

IV. ALGORITHM 

 

The search engine has mainly been built using primarily three 

algorithms. Initially, the keywords extracted from the search 

results are stemmed to their root word using Porter Stemming 

Algorithm. Then, results belonging to these keywords are 

assigned coefficients based on a mathematical formula using 

Jaccard’s Coefficients Algorithm.  Lastly these results are 

clustered based on the closeness of their coefficients using 

Agglomerative Hierarchical Clustering Algorithm.  

 

A. Jaccard’s Similarty Coefficient Algorithm 

Jaccard’s coefficient algorithm is used for calculating the 

similarity between data items. It is used to quantify the 

relation between two web results. Similarity between results is 

determined based on the no. of keywords common between 

them. These keywords are extracted from the snippet and title 

description of these results. More the no. of common 

keywords, greater is the similarity between the two results and 

finally greater is the coefficients between the two results. The 

algorithm assigns a number between 0 and 1 to each pair of 

related results. The coefficient is then calculated based on the 

number of common keywords between two search results as a 

proportion of the total number of keywords in both the results 

The algorithm assigns a number between 0 and 1 to each pair 

of related results. The coefficient is then calculated based on 

the number of common keywords between two search results 

as a proportion of the total number of keywords in both the 

results. Consider two results denoted as A and B, 

  

 
 

Where J (A, B) is the Jaccard’s coefficient between search 

results A and B, and KA and KB are the sets of keywords of A 

and B respectively. 

Consider an example of results A, B having snippet X, Y. 

X=” Cricket 360 - Live Score Updates “ 

Y=” English Cricket- Latest News Articles Score Live 

Streaming” 

Here, both the Meta data descriptions belong to two different 

web results. No. Of common keywords are 3. i.e. “Cricket”, 

“Score”, “Live”. 

J (X, Y) =3/12= 0.25. 

 

Process: 

 

Input: 

Keyset [] [] (Stemmed keywords using porter stemmer and 

NLP toolkit) 

Objects [] [] (list of JSON data from results) 

 

Output: 

Matrix [] [] (Jaccard’s coefficient for each pair of results) 

For each row i and column j 

Matrix[i][j] = |common words in keyset[i] and 

keyset[j]|/(keyset[i].length + keyset[j].length) 

 

B. Agglomerative Hierarchical Clustering Algorithm 

Agglomerative hierarchical clustering algorithm is a bottom 

up approach wherein each cluster pairs with a neighbouring 

cluster closest to it which then forms another cluster that 

carries on the same. For clustering the results for our search 

engine, nearness of two clusters is decided according to the 

Jaccard’s similarity coefficients of the two clusters. This 
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process ends after all the clusters above the decided threshold 

are clustered. The representation of the results to be clustered 

is in the form of an m x n matrix. Now the output is finally a 

single tree where the leaves are the rows and the columns of 

the input matrix. The results obtained may vary to multiple 

domains, and incorporating each domain requires certain 

minimum threshold of relation between clusters at least. Thus, 

the output has been restricted to a certain threshold Jaccard’s 

coefficient value for the system and merging is stopped 

beyond that point. 

 

Example: 

 

Consider “Vector” as a search query.  Search results for query 

“Vector” have results with multiple domains from Education 

to Entertainment. 

 

Results displayed belong to: 

 

Vector from Mathematics 

Vector - The game 

Vector - Java Programming  

 

Process: 

Input: 

Objects [] [] (list of JSON data from results) 

Matrix [] [] (Jaccard’s coefficient for each pair of results) 

 

Output: 

Cluster box [] [] (array of clustered result indices) 

Cluster = array [] (array to hold each cluster of cluster box) 

For each row i in matrix 

Push i into cluster 

Find j with maximum value in ith row of matrix 

Push j into cluster 

Push cluster1 into cluster box 

Iterate with each row in cluster box 

 

V. EXPERIMENTAL ANALYSIS 

 

Initially in the system, (Approach I) the search results were 

clustered based on the local maxima, i.e. the result that has 

maximum similarity with respect to a particular result are 

clustered first. With a change in approach (Approach II) the 

result with the highest similarity coefficient amongst all the 

results are considered and clustered first. Similarly, selecting 

the result with the next highest similarity and so on. There was 

a major improvement in the quality of clusters formed with 

this change in approach that is reflected in the experimental 

analysis. The analysis accuracy of clusters formed and their 

coefficients. 

 

I. Accuracy of Clusters: 

 

Accuracy of clusters formed in Approach I: 

Search Query: Mark Zuckerberg 

No. of clusters: 6 

 

Search Query: Australia 

No. of Clusters: 7 

 
 

Search Query: Mumbai 

No. of Clusters: 9 

 
 

Query: Jaguar 

Clusters: 6   

 
 

There is a huge improvement in the results obtained using the 

Approach II given below: 

 

Accuracy of clusters formed in Approach II 

 

Search Query: Mark Zuckerberg 

 No. of Clusters: 5 

 

   Cluster Names Correct Incorrect 

social 3 0 

about 5 0 

live video 2 0 

news 46 7 

 

56 7 

 

Search Query: Australia 

 No. of Clusters: 6 

    Cluster Names Correct Incorrect 

tourism 3 3 

sports 2 0 

culture 2 0 

library 2 0 

government 18 8 

 

27 11 
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Search Query: Mumbai 

 No. of Clusters: 10 

 

   Cluster Names Correct Incorrect 

university 2 0 

airport 2 0 

kidzania 2 0 

metro 1 1 

movie tickets 3 0 

IPL 2 0 

visa 2 0 

tourism 10 8 

hotel 1 1 

 

25 10 

 

Search Query: Jaguar 

 No. of Clusters: 7 

 

   Cluster Names Correct Incorrect 

car official 3 0 

sports official 3 0 

social 2 1 

used cars 2 0 

guitar 2 0 

dealers 30 15 

 

42 16 

 

Search Query: Dogs 

 No. of Clusters: 10 

 
   Cluster Names Correct Incorrect 

health 2 0 

breeds 3 0 

adoption 2 0 

definition 2 0 

therapy 2 0 

insurance 2 1 

supplies 5 1 

guide 2 0 

seattle humane 2 0 

 

22 2 

Search Query: Cars 

 
No. of Clusters: 7 

 

   
Cluster Names Correct Incorrect 

movie 3 0 

ajc cars 2 0 

reviews 5 1 

sales 22 6 

toys 2 0 

used rental 2 0 

 

36 7 

 

Search Query: Toyota Innova  

 No. of Clusters: 4 

 

   Cluster Names Correct Incorrect 

price 4 0 

dealers 8 1 

reviews 35 18 

 

47 19 

 

Based on the percentage of correct and incorrect results 

formed between both the approaches, approach II has a much 

higher accuracy resulting from more iteration. The table below 

indicates the same. 

 

search new iterations 

old 

iterations 

mark zuckerberg 27 3 

australia 15 1 

mumbai 17 3 

jaguar 29 4 

dogs 9 3 

cars 18 4 

toyota innova crysta 51 2 

 

The following graph shows clearly the increased number of 

iterations in clustering resulting in greater accuracy. 

 

 
 

Following table shows the number of correct and incorrect 

values in the clusters for different searches and the accuracy 

ratio for each: 
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The following graphs indicates the same: 

 
 

Number of incorrect entries has been greatly reduced. 

 
 

The red line corresponds to accuracy ratio for approach I while 

the blue one for approach II. 

 

II. Accuracy of Coefficients 

Based on the results obtained from the search queries analysed 

in the previous section, accuracy of their coefficient values is 

obtained. The mean and median for the coefficients obtained 

for varied categories in each approach are calculated.  

 

 
The following graph represents a comparison between the 

coefficient’s analyses of the two approaches. 

 

Graph I: Mean Graph  

 

 
 

The red line in the mean graph indicates the mean value of the 

coefficients for approach I. whereas the blue line indicates the 

same for approach II. 

Graph II: Median Graph 

 
The red line in the mean graph indicates the mean value of the 

coefficients for approach I and the blue line indicates the same 

for approach II. 

 

VI. CONCLUSION 

 

In this paper, we present our system that clusters web search 

results under categories using clustering. Before clustering the 

search results, they are reduced and refined by stemming the 

results to their root form and assigning coefficients to each 

result. Along with this the formed clusters i.e. categories are 

prioritized for a given user based on their user’s interests. The 

system improves the time consumed and efficiency of the 

displayed results obtained on searching a web result. The 

results belonging to a given domain are displayed under a 

given category removing randomization of results by 

displaying the results belonging to every possible domain 

based on their content relevance and user’s interests and not 

on basis of the popularity of the result.  In this newly created 

file, highlight all of the content. 
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