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Introduction 

In the field of information retrieval, web clustering engines categorize the search results into different hierarchical groups 

(clusters) and display those cluster labels and due to this user can locate the desired document very fast. The information available 

on the web is unstructured, disorganized, dynamic and heterogeneous in nature and enormously large. The process of retrieval is 

highly affected by the vague query put-up by the average user. Today’s search engines are smarter than earlier but ambiguous 

queries are still a major problem. To answer all the possible meaning of an ambiguous query, search engines return too many 

results which are not necessarily relevant to the user’s need. Web clustering engines group the search results having the same 

meaning within same cluster and it is very easy for the user to find similar documents. Hence the search time will be less. Web 

clustering engines give a high level view of the query; it is useful for informational searches in unknown or dynamic domains. 

There are many web clustering engines available on the web (Carrot2, Vivisimo, Kartoo, WhatsOnWeb etc) which give the search 

results in forms of clusters. A web clustering engine takes the result resulted by the search engine as input and performs clustering 

and labeling on that result. This process is usually seen as complementary rather than alternative and different to the search 

engine. The main use for web search result clustering is not to improve the actual ranking of relevant information, but to give the 

user a quick overview of the results. The low precision of the web search engines coupled with the long ranked list presentation 

make it hard for users to find the accurate information they are looking for. It takes a lot of time to find the relevant information. 

Typical queries retrieve hundreds of documents, most of which have no relation with what the user was looking for. According to 

this, we considered Websnippet clustering engine is a useful complement to the flat, ranked list of results offered by classical 

search engines (like Google). Web snippet (short description) clustering also known as Web Search Results Clustering is an 

attempt to apply the idea of clustering to snippets returned by a search engine in response to a query. The main objective of this 

research paper is to address the issues that are focused in development of a web clustering engine including acquisition and 

preprocessing of search results, their clustering and visualization. This paper highlighted the architecture, algorithms and main 

characteristics of a number of existing web clustering engines. It has also been reviewed that how to evaluate retrieval 

performance of web clustering engines.  
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Abstract 
Web clustering Engines are emerging trend in the field of information retrieval. Web clustering 
engine greatly simplifies the effort of the user from browsing the large set of search results by 
reorganizing them into smaller clusters. Current web clustering engines result in additional 
clusters and misses out few relevant, leading to lack of predictability of clustering outputs. Web 
clustering engines produces inconsistent results as the content of the cluster do not always 
correspond to its label. Web clustering engines organize search results by topic, thus offering a 
complementary view to the flat-ranked list returned by conventional search engines. This 
research paper is an attempt to review the issues that must be addressed in the development of a 
Web clustering engine, including acquisition and preprocessing of search results, their clustering 
and visualization are discussed. Search results clustering, the core of the system, has specific 
requirements that cannot be addressed by classical clustering algorithms. Emphasis is given to 
the role played by the quality of the cluster labels as opposed to optimizing only the clustering 
structure. The main characteristics of a number of existing Web clustering engines are being 
highlighted and discussion on how to evaluate their retrieval performance. 
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Significance of Web Clustering Engines 

Plain search engines are usually quite effective for certain types of search tasks, such as navigational queries (where the user has a 

particular URL to find) and transactional queries (where the user is interested in some Web-mediated activity). However, they can 

fail in addressing informational queries (in which the user has an information need to satisfy), which account for the majority of 

Web searches. This is especially true for informational searches expressed by broad or ambiguous queries. A clustering engine 

tries to address the limitations of current search engines by providing clustered results as an added feature to their standard user 

interface. In fact, in most clustering engines the categories created by the system are kept separated from the plain result list, and 

users are allowed to use the list in the first place. The view that clustering engines are primarily helpful when search engines fail is 

also supported by some recent experimental studies of Web searches. The search aspects where clustering engines can be most 

useful in complementing the output of plain search engines are the following: 

 

 Fast Subtopic Retrieval: If the documents that pertain to the same subtopic have been correctly placed within the same 

cluster and the user is able to choose the right path from the cluster label, gives the user a quick overview of the results. 

By dividing the result set into clusters, the user can quickly shorten his search further by selecting a cluster. 

 Topic Exploration: A cluster hierarchy provides a high-level view of the whole query topic including terms for query 

reformulation, which is particularly useful for informational searches in unknown or dynamic domains. 

 Alleviating Information Overlooks: Web searchers typically view only the first result page, thus overlooking most 

information. As a clustering engine summarizes the content of many search results in one single view on the first result 

page, the user may review hundreds of potentially relevant results without the need to download and scroll to subsequent 

pages. 

 

Architecture and Technologies of Web Clustering Engines 

Implementation of Web Search Clustering Engines will usually consist of four general components: Search Results Acquisition, 

Input Preprocessing, Cluster Construction and Visualization of clustered results, all arranged in a processing pipeline shown in 

Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

Fig.1. Components of a Web search clustering engine. 

 

Search Result Acquisition 

In this, process begins with a query defined by the user. Based on the query, a document search is conducted in diverse data 

sources. Here web search engines such as Google, Yahoo! and Bing were used. In general, web clustering engines work as meta 

search engines and collect about 50 to 200 results from traditional search engines. These results contain as a minimum a URL, a 

snippet and a title. 

 

Preprocessing 

In this component every search result (as snippets) is converted into a sequence of words, phrases, strings, these are then used by 

the clustering algorithm. There are a number of tasks performed in the search results, including: removing special characters, the 

conversion of the string to lowercase, stemming of the words, removing stop words, and the control of terms or concepts allowed 

by a vocabulary. Input preprocessing is a step that is common to all search results clustering systems. Its basic aim is to convert 

the contents of search results (output by the acquisition component) into a sequence of features used by the actual clustering 

algorithm as input. Steps for feature extraction are Language identification, Tokenization, Stemming, Selection of features. 

Clustering engines which support multilingual content must perform initial language recognition on each search result in the 

input. 

 

During the tokenization step of the process, the text of each search result is divided into a sequence of basic independent units 

called tokens. Tokens usually represent single words, numbers, symbols, etc. Tokenization becomes much more complex for 

languages where white spaces are not present (such as Chinese) or where the text may switch direction (such as an Arabic text, 

within which English phrases are quoted). The aim of the next step stemming is to remove the inflectional prefixes and suffixes of 

each word. As a result different grammatical forms of the words are reduced into to a common base form called a stem. For 

example, the words connected, connecting and interconnection would be transformed to the word connect .Here connect is the 

stem. Last but not least, the pre-processing step needs to extract features for each search. Features are atomic entities used to 

describe an object and represent its most important characteristic to an algorithm. The features can vary from single words and 

fixed-length tuples of words (n-grams) to frequent phrases (variable-length sequences of words), and very algorithm-specific data 
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structures, such as approximate sentences. One method for representing a text is Vector Space Model (VSM). A document d is 

represented in the VSM as a vector [wt0, wt1, . . .wtn], where t0, t1, . . . tn is a global set of words (features) and wti expresses the 

weight (importance) of feature ti to document d.  Weights in a document vector typically reflect the distribution of occurrences of 

features in that document. For example (Figure.2), a term vector for the phrase “Polly had a dog and the dog had Polly” could 

appear as shown below (weights are simply counts of words; articles are rarely specific to any document and normally would be 

omitted).    

1 1 2 2 2 1 

A and dog had Polly the 
 

Fig.2. Example of Vector Space Model (VSM).  

 

Cluster Construction and Labeling 
The set of search results along with their features, extracted in the preprocessing step, are given as input to the clustering 

algorithm, which is responsible for building the clusters and label them. There are a number of algorithms available for clustering. 

We can classify them into two different categories: Data centric and Description aware. In search results clustering users are the 

ultimate consumers of cluster. Hence the created clusters should be labeled aptly. The labels should be unique, unambiguous, 

comprehensive and sensible to the content. An inefficiently labeled cluster is useless even though it contains closely related, 

relevant documents. 

 

(i) Data Centric Clustering Algorithms  

The representatives of this group consist of a conventional data clustering algorithms like Agglomerative Hierarchical Clustering 

(AHC), K-means etc. 

 

Scatter/Gather is a landmark example of a data-centric system, developed in 1992 at Xerox PARC, Scatter/Gather is commonly 

perceived as a predecessor and conceptual parent of all clustering systems that appeared later. This system uses VSM for text 

representation and the clustering technique used is agglomerative hierarchical clustering (AHC), with an average-link merge 

criterion. It has an initial clustering of a collection of documents in a set of k clusters (scattering). At Query time the user selected 

clusters of interest (gather) and the system re-clustered those documents. This process repeats until a small cluster with relevant 

documents is found. The following figure depicts the function of a Scatter/Gather system 

 
Agglomerative Hierarchical Clustering (AHC) is a typical example of Data centric clustering algorithms. It is a bottom up 

approach. Initially each document is in its own cluster. Build a distance matrix (dissimilarity matrix) for every pair of clusters. 

Merge 2 closest clusters and build the new distance matrix by replacing the merged cluster by one cluster. Continue this process 

until the desired no of k clusters reached. The Complexity of this algorithm is clearly O(n2) since we are using a matrix, where n 

is the number of clusters. 

 

Another Data centric algorithm is called as K-Means Clustering. K is a predefined value for number of clusters and we always 

select an average one as the cluster centroid. Firstly the number of clusters k is chosen. Randomly generate k clusters and find 

cluster representative/centroid. Calculate the distance between each cluster and each document. Assign each document to the 

nearest cluster centroid. Recompute new cluster centroid. Repeat the steps until some convergence criterion is met. The 

complexity is O(knT),where k is the number of clusters, n is the number of documents and T is the number of times the algorithm 

should repeat for getting a stable system(without changing the membership of document). 

 

Data-centric algorithms borrow their strengths from well-known and proven techniques targeted at clustering numeric data. Even 

though it uses simple keyword based features, still it is a powerful method. But there are some difficulties in these set of 

algorithms. All these algorithms are not incremental in nature. ‘Incremental’ in the sense, as each document arrives from the web; 

we “clean” it and add it to the available model. All the above algorithms excluded the incremental property. Another difficulty 

raised in Data centric approaches are in the case of meaningful labels. In these algorithms cluster labels are created by selecting 

frequent keywords from the set of cluster documents. This keyword based representation seemed to be insufficient from the user 

perspective. Once a text is converted to a document vector we can hardly speak of the text’s meaning, because the vector is 

basically a collection of unrelated terms. Using the extracted features in a keyword based approach the content of the cluster is not 

that much readable. 

 

(ii) Description Aware Algorithms 

Description-aware algorithms are aware of this labeling problem and try to ensure that the construction of cluster descriptions is 

that feasible and it yields results interpretable to a human. One way to achieve this goal is to use a monothetic clustering algorithm 

(i.e., one in which objects are assigned to clusters based on a single feature) and carefully select the features so that they are 

immediately recognizable to the user as something meaningful. If features are meaningful and precise then they can be used to 

describe the output clusters accurately and sufficiently. The algorithm that first implemented this idea was Suffix Tree Clustering 

(STC), described in a few seminal papers by Zamir and Etzioni in 1998, 1999, and implemented in a system called Grouper.  In 

practice, Suffix Tree Clustering (STC) was as much of a break through to search results clustering. STC uses a data structure 

called suffix tree. It Use phrases (ordered sequence of words) as their atomic features rather than keywords. Three steps are there 
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for performing suffix tree clustering. Those are data cleaning, identifying base clusters and combining base clusters. We define a 

base cluster to be a set of documents that share a common phrase. 

 
A suffix tree-Definition: A suffix tree of a string S is a compact tree containing all suffixes of S and it is a rooted tree. Each 

internal node has at least two children. Each edge is labeled with a non empty substring of S. The label of a node is the 

concatenation of the edge labels on the path from the root to that node. No two edges out of the same node can have edge labels 

that begin with the same word. 

 

For example the suffixes of a sentence “mouse ate cheese too” are: 
 

Suffix No. Suffixes 

1. mouse ate cheese too 

2. ate cheese too 

3. cheese too 

4. too 

 

A General Suffix Tree (GST) means a suffix tree contains all the suffixes of two or more sentences. 

 
Step1-Data Cleaning: In this step, the string of text representing each document is transformed using a light stemming algorithm 

(deleting word prefixes and suffixes and reducing plural to singular). Sentence boundaries (identified via punctuation and HTML 

tags) are marked and non-word tokens (such as numbers, HTML tags and most punctuation) are stripped. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3. Example of General Suffix Tree.  

 

Step2-Identifying Base Clusters: The Figure.3 is an example for a General Suffix Tree of a set of strings-(1)"cat ate cheese", 

(2)"mouse ate cheese too" and (3)"cat ate mouse too". The nodes of the suffix tree are drawn as circles. Each suffix-node has one 

or more boxes attached to it designating the string(s) it originated from. The first number in each box designates the string of 

origin (1-3 in example, by the order the strings appear above); the second number designates which suffix of that string labels that 

suffix-node.  Each node of the suffix tree represents a group of documents and a phrase that is common to all of them. The label of 

the node represents the common phrase; the set of documents tagging the suffix-nodes that are descendants of the node make up 

the document group. Therefore, each node represents a base cluster.  

 

(iii). Description Centric Algorithms  

These are designed specifically for web document clustering, seeking a balance between the quality of clusters and the description 

(labeling) of clusters. An example of such algorithms is Lingo (implemented by www.carrot2.org), which makes use of Singular 

Value Decomposition (SVD) to find the best relationships between terms, but groups the documents based on the most frequent 

phrases in the document collection.  

 

Visualization of Clustered Results 

Now powerful visualizations are available for Web Clustering Engines. One prominent approach is based on hierarchical folders. 

The Web Clustering Engines like, Clusty, Lingo3G, etc. are using hierarchical folder visualization approach. A famous Clustering 
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Engine called Grokker uses Nesting and zooming approach. Some search engines also used Graph based interfaces. KartOO is one 

such system. 

 

Table-1: Commercial companies offering technologies for Clustering Search Results 

 

Name  Company Cluster 

Levels 

URL Cluster 

Structure 

Accumo Accumo Phrases www.accumo.com Tree 

Clusterizer CyberTavern Phrases www.iboogie.com Tree 

Cowskid Compara Terms www.cowskid.com Flat 

Fluster Funnelback Phrases www.funnelback.com Flat 

Grokker Grokker Phrases www.grokker.com Graphical/ Tree 

KartOO KartOO Phrases www.kartoo.com Graphical/ Tree 

Lingo3G Carrot Search Phrases www.carrot-search.com Tree 

Mooter Mooter Media Phrases www.mooter.com Graphical/ Flat 

WebClust WebClust Phrases www.webclust.com Tree 

Vivisimo Vivisimo Phrases www.vivisimo.com Tree 

 

 Clusty: Clusty is a clustering engine developed by the company Vivisimo. Vivisimo won the “best meta-search engine 

award” assigned by SearchEngineWatch.com from 2001 to 2003. Vivisimo means lively, bright, or clever in Spanish. 

Vivisimo's founders picked the name to express their vision of optimizing and giving life to our information. Clusty is a 

Meta search engine, meaning it combines results from a variety of different sources. It uses an algorithm to cluster 

content based on textual similarity. Every time of a search, Clusty pulls together the data from other engines like Ask, 

MSN and Wisenut. It then organizes the search results in a way that helps us navigate away from ambiguity towards 

specific cluster of results. Clusty uses a hierarchical folder approach. It is a very simple method and familiar to everyone. 

The hierarchical folders are limited in the left side of the screen so that the user can choose any cluster he may need 

within no time. 

 

 KartOO: KartOO was a Meta search engine which displayed a visual interface. It operated from 2001 to early 2010. 

KartOO had an advanced Adobe Flash GUI, as opposed to a text-based list of results. It uses a Graph based approach. Its 

color scheme was to a degree reminiscent of Apple Computer's Aqua interface. Search results were presented as a "map", 

with blob-like masses of varying color connecting each item. The shape of the blobs clearly depends on the relevance of 

the keyword corresponding to that blob, according to the query. If one began their search with a general topic, KartOO 

sometimes helped to narrow it down. Every "blob" clicked added another word to the search query. The map would often 

succeed in presenting keywords or subtopics that defined the topic one was searching on. Refer Figure 6 in appendix for 

seeing the visualization of KartOO. It was co-founded in France by two cousins, Laurent and Nicholas Baleydier. This 

project was then launched in 2001. In 2004, KartOO launched a new version called UJIKO. In January 2010 KartOO 

closed down, removing all content from the KartOO and UJIKO websites, but leaving a small message in French 

thanking its users for their support. 

 

 WhatsOnWeb: WhatsOnWeb explicitly addresses the problem of finding relationships between subtopics that are not 

captured by the ancestor/ descendant relation. The graph of clusters is computed in two steps. First, a snippet graph is 

constructed using the number and the relevance of sentences (consecutive stems) shared between the search results. 

Second, the clusters and their relationships are derived from the snippet graph by finding the vertices that are most 

strongly connected. Such a clustered graph is then pruned and displayed using an elaborate graphical Interface. 

WhatsOnWeb is also interesting because it is one of the few Web clustering engines rooted in graph theory, together with 

Wang and Zhai [2007]. One drawback of the system is the high response times required for processing a query (of the 

order of tens of seconds), mainly due to the inefficiency of computing the clusters from the snippet graph. 

 

Conclusion 

This paper concludes that general users put short, ambiguous queries which can’t specify the actual information need of the users. 

Clustering is the best possible solution for such problem. It facilitates quick browsing throughout the search result. To improve the 

search result clustering, first of all more work needs to be done to improve the quality of the cluster labels and the coherence of 

the cluster structure. Secondly, the incrementality, as the web pages change very frequently and new pages are always added to 

the web. Third thing to be done is the fact that very often a web page relates to more than one subject should also be considered 

and lead to algorithms that allow for overlapping clusters. Inconsistency is the fourth thing to be done. The contents of a cluster do 

not always correspond to the label and the navigation through the cluster sub hierarchies, which does not necessarily lead to more 

specific results. The last thing is advanced visualization techniques might be used to provide better overviews and guide the 

interaction with clustered results. 

 

Research Directions and Future Works 

The present topics in the field of search result clustering is the on growing market of mobile search. Two mobile versions of 

CREDO, suitable for personal digital assistants and cellular phones, the systems, termed Credino (small CREDO, in Italian) and 
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SmartCREDO, are exclusively based on the search results and are freely available online. Semantic Web is a recent research topic. 

In Semantic Web the meaning (semantics) of information on the web is defined, making it possible for machines to process it. 

Google has initiated a good example of Semantic Web technology with its "rich snippets". Swoogle is a semantic web search 

engine. In future clustering can also be applied for Semantic web search engines also. 
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