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Abstract: The marvelous amount of data produced nowadays in various application domains such as molecular 

biology or geography can only be fully exploited by efficient and effective data mining tools. One of the 

primary data mining tasks is clustering, which is the task of partitioning points of a data set into distinct groups 

(clusters) such that two points from one cluster are similar to each other whereas two points from distinct 

clusters are not. Due to modern database technology, a large amount of complex objects from scientific, 

engineering or multimedia applications is stored in database systems. As a result, traditional clustering 

algorithms often fail to generate meaningful results, because in such high-dimensional feature spaces data does 

not cluster anymore. But usually, there are clusters embedded in lower dimensional subspaces, i.e. meaningful 

clusters can be found if only a certain subset of features is regarded for clustering. The subset of features may 

even be different for varying clusters. 
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INTRODUCTION 

 

Due to the enormous amount of data in various application domains, the requirements of database systems have 

changed. Techniques to analyze the given information and find so far hidden knowledge are mandatory to draw 

maximum benefit from the collected data. Knowledge Discovery in Databases (KDD) is an interdisciplinary 

field, aimed at extracting valuable knowledge from large databases. At the core of the KDD process is the Data 

Mining step which embraces many data mining methods. One of them is clustering, the central topic of this 

paper. In this section, the KDD process is introduced and discussed in detail. Afterwards we describe the data 

mining step in more detail, and review the most important and influential methods of data mining. As this paper 

focuses on clustering complex objects, we give a short overview over the special requirements for clustering 

complex objects.  

 
Figure 1: An overview of the steps comprising the KDD process. 

 

Web Image Clustering  

There have been several web image clustering and categorization approaches proposed in recent years. We 

discuss only a few representative approaches here. Lien hart and Hartmann use signal-only features to 

categorize web images. Images are divided into photo-like images, and graphical images. Photo-like images are 

further divided into photos and artificial photo-like images; graphical images are further divided into slides, 

cartoons, and other images. This approach produces coarse categories containing too many images. Although 

syntactically meaningful, the resulting clusters are likely to contain images that are not semantically related. In 

contrast, Image Seer uses the VIPS algorithm  to segment web pages into several semantic blocks. These blocks 

are further used to extract surrounding text of web images. Page-to-block, block-to-image, and block-to-page 

relationships are obtained using the link structure and page layout analysis, and an image graph is constructed. 

Techniques from spectral graph theory and Markov chain theory are applied for image ranking, clustering, and 
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embedding. Like any other text-only approach, this approach is likely to assign images with insufficient textual 

information to incorrect clusters. 

 

Clustering via Partitioning  

In our preliminary experiments, we used a widely used hypergraph partitioning algorithm, called hMETIS, to 

partition the feature hypergraph. hMETIS produces “balanced k-way” partitions where k, the number of 

partitions, is specified in advance. For this section, we set the number of partitions based on ground truth. Once 

features were partitioned, images were clustered by calculating a score of each image against each partition, 

based on the features in the partition and the features in the image. All images were assigned to partitions with 

their highest score, with ties broken arbitrarily. A simple function was used to calculate this score: 
 

 

 

 
Figure 2: Eighteen images assigned to the ground truth hierarchy 

 

 

LITERATURE REVIEW 

It is important to emphasize that getting from a collection of documents to a clustering of the collection, is not 

merely a single operation, but is more a process in multiple stages. These stages include more traditional 

information retrieval operations such as crawling, indexing, weighting, filtering etc. Some of these other 

processes are central to the quality and performance of most clustering algorithms, and it is thus necessary to 

consider these stages together with a given clustering algorithm to harness its true potential. We will give a brief 

overview of the clustering process, before we begin our literature study and analysis. We have divided the 

offline clustering process into the four stages outlined below: 

 

 
 

Figure3: The Stages of the Process of Clustering 
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Collection of Data includes the processes like crawling, indexing, filtering etc. which are used to collect the 

documents that needs to be clustered, index them to store and retrieve in a better way, and filter them to remove 

the extra data , for example, stop words. 

 

Preprocessing is done to represent the data in a form that can be used for clustering. There are many ways of 

representing the documents like, Vector-Model, graphical model, etc. Many measures are also used for 

weighing the documents and their similarities.  

 

Document Clustering is the main focus of this paper and will be discussed in detail.  

 

Post processing includes the major applications in which the document clustering is used, for example, the 

recommendation application which uses the results of clustering for recommending news articles to the users. 

 

Expectation Maximization  

The EM algorithm fall within a subcategory of the flat clustering algorithms, called Model-based clustering. The 

model-based clustering assumes that data were generated by a model and then tries to recover the original model 

from the data. This model then defines clusters and the cluster membership of data. The EM algorithm is a 

generalization of K-Means algorithm in which the set of K centroids as the model that generate the data. It 

alternates between an expectation step, corresponding to reassignment, and a maximization step, corresponding 

to re-computation of the parameters of the model. 

 

Hierarchical Clustering 

Hierarchical clustering approaches attempt to create a hierarchical decomposition of the given document 

collection thus achieving a hierarchical structure. Hierarchical methods are usually classified into 

Agglomerative and Divisive methods depending on how the hierarchy is constructed. Agglomerative methods 

start with an initial clustering of the term space, where all documents are considered representing a separate 

cluster. The closest clusters using a given inter-cluster similarity measure are then merged continuously until 

only 1 cluster or a predefined number of clusters remain. 

 

Simple Agglomerative Clustering Algorithm:  

1. Compute the similarity between all pairs of clusters i.e. calculates a similarity matrix whose ijth entry 

gives the similarity between the ith and jth clusters.  

2. Merge the most similar (closest) two clusters.  

3. Update the similarity matrix to reflect the pairwise similarity between the new cluster and the original 

clusters.  

4. Repeat steps 2 and 3 until only a single cluster remains. 

 

Divisive clustering algorithms start with a single cluster containing all documents. It then continuously divides 

clusters until all documents are contained in their own cluster or a predefined number of clusters are found. 

Agglomerative algorithms are usually classified according to the inter-cluster similarity measure they use. The 

most popular of these are single-link, complete-link and group average. In the single link method, the distance 

between clusters is the minimum distance between any pair of elements drawn from these clusters (one from 

each), in the complete link it is the maximum distance and in the average link it is correspondingly an average 

distance. 

 

OVERVIEW OF DATA MINING  

Data mining - also known as knowledge-discovery in databases (KDD) is process of extracting potentially 

useful information from raw data. A software engine can scan large amounts of data and automatically report 

interesting patterns without requiring human intervention. Other knowledge discovery technologies are 

Statistical Analysis, OLAP, Data Visualization, and Ad hoc queries. Unlike these technologies, data mining 

does not require a human to ask specific questions.  
 

In general, Data mining has four major relationships.  
 

 Classes: Stored data is used to locate data in predetermined groups. For example, a restaurant chain 

could mine customer purchase data to determine when customers visit and what they typically order. 

This information could be used to increase traffic by having daily specials.  
 

 Clusters: Data items are grouped according to logical relationships or consumer preferences. For 

example, data can be mined to identify market segments or consumer affinities.  
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 Associations: Data can be mined to identify associations. The beer-diaper example is an example of 

associative mining.  
 

 Sequential patterns: Data is mined to anticipate behavior patterns and trends. For example, an outdoor 

equipment retailer could predict the likelihood of a backpack being purchased based on a consumer's 

purchase of sleeping bags and hiking shoes. 

 

 

CLUSTERING TECHNIQUES 

Clustering is a typical unsupervised learning technique for grouping similar data points. A clustering algorithm 

assigns a large number of data points to a smaller number of groups such that data points in the same group 

share the same properties while, in different groups, they are dissimilar. Clustering has many applications, 

including part family formation for group technology, image segmentation, information retrieval, web pages 

grouping, market segmentation, and scientific and engineering analysis. Many clustering methods can be 

broadly classified into four categories: partitioning methods, hierarchical methods, density-based methods and 

grid based methods. Other clustering techniques that do not fir in these categories have been developed. They 

are fuzzy clustering, artificial neural networks and generic algorithms. The following section deals about 

detailed study of the customer clustering. The data is the production information of our organization smart retail 

store. A good clustering method will produce high qualityclusters in which: 

 

• the intra-class (that is, intra-cluster) similarity is high. intra 

• the inter-class similarity is low 

 

 
 

Figure 4: Different ways of representing clusters 

 

Customer Clustering 

Customer clustering is the most important data mining methodologies used in marketing and customer 

relationship management (CRM). Customer clustering would use customer-purchase transaction data to track 

buying behavior and create strategic business initiatives. Companies want to keep high-profit, high-value, and 

low-risk customers. This cluster typically represents the 10 to 20 percent of customers who create 50 to 80 

percent of a company's profits. A company would not want to lose these customers, and the strategic initiative 

for the segment is obviously retention. A low-profit, high-value, and low-risk customer segment is also an 

attractive one, and the obvious goal here would be to increase profitability for this segment. Cross-selling 

(selling new products) and up-selling (selling more of what customers currently buy) to this segment are the 

marketing initiatives of choice. 

 

Partitioning Methods 

The partitioning methods generally result in a set of M clusters, each object belonging to one cluster. Each 

cluster may be represented by a centroid or a cluster representative; this is some sort of summary description of 

all the objects contained in a cluster. The precise form of this description will depend on the type of the object 

which is being clustered. In case where real-valued data is available, the arithmetic mean of the attribute vectors 
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for all objects within a cluster provides an appropriate representative; alternative types of centroid may be 

required in other cases, e.g., a cluster of documents can be represented by a list of those keywords that occur in 

some minimum number of documents within a cluster. If the number of the clusters is large, the centroids can be 

further clustered to produces hierarchy within a dataset. 

 

Hierarchical Agglomerative methods 

The hierarchical agglomerative clustering methods are most commonly used. The construction of an hierarchical 

agglomerative classification can be achieved by the following general algorithm. 

 

 Find the 2 closest objects and merge them into a cluster 

 

 Find and merge the next two closest points, where a point is either an individual object or a cluster of 

objects. 

 

 If more than one cluster remains, return to step 2. 

 

Density-based Methods 

Density-based methods assume that the points that belong to each clusterare drawn from a specific probability 

distribution. The overall distribution of the data is assumed to be a mixture of several distributions.The aim of 

these methods is to identify the clusters and their distributionparameters. These methods are designed for 

discovering clusters of arbitraryshape which are not necessarily convex. 

 

Grid-based Methods 

These methods partition the space into a finite number of cells that form agrid structure on which all of the 

operations for clustering are performed. Themain advantage of the approach is its fast processing time. 

 

CONCLUSIONS 

As per the review, we conclude that pure global-pattern-mining-based algorithms may not be practical for large 

scale problems. Future researches on large scale data mining and clustering techniques are likely to adapt more 

local and instance-driven approaches. Second, we conclude that mining long patterns can be very expensive. 

Short patterns, as long as they are chosen in a meaningful way, have surprising power and may suffice for a 

number of applications. Third, we conclude that relying on training data alone may result in suboptimal 

classification results, especially with sparse training data. Therefore, we expect future research in classification 

to focus more on semi supervised approaches.  
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