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Abstract:  

This research project aims to develop a novel methodology for integration of 
clustering with semantics learning that enable us to discover and exploit hidden 
semantics of data while effectively learning clusters from massive categorical/mixed 
data sets. Specifically, we focused on investigating information theoretic-based 
measures of similarity and kernel-based methods for representing cluster means to 
reflect semantic information in the clustering process. We have proposed a new 
similarity measure based on information theoretic approach that could be able to 
integrate semantic information into the quantification of the similarity between 
categorical data. We have also developed, based on kernel smoothing techniques, 
kernel-based methods for representation of cluster means for categorical objects. 
Such kernel-based representation methods could provide an interpretation of cluster 
means being consistent with the statistical interpretation of the cluster means for 
numerical data. Eventually, the new similarity measure and kernel-based methods 
for representation of cluster means have been integrated into a novel k-means like 
clustering framework for categorical and mixed data. Within the proposed clustering 
framework, we have further developed a so-called k-CMM algorithm for clustering 
mixed numeric and categorical datasets with missing values, which incorporates the 
imputation procedure into the clustering framework so as to improve clustering 
results with missing data. A series of experimental studies have been 
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comprehensively conducted on real datasets from UCI Machine Learning Repository 
to evaluate the proposed clustering framework as well as illustrate its applicability.  

Introduction 

Clustering is one of fundamental operations in data mining and machine learning. 
Clustering has been widely applied in a variety of fields (Tellaroli et al., 2016): 
ranging from medical sciences, economics, computer sciences, engineering to social 
sciences and earth sciences. There is a vast body of knowledge in the area of 
clustering and there has been attempts to analyze and categorize them for a large 
number of applications (Berkhin, 2002; Xu & Wunsch, 2005; Fahad et al., 2014; Xu 
& Tian, 2015). However, clustering of massive data sets with categorical and 
mixed-type data is still a challenge in many applications of big data mining. 

According to (LeCun, Bengio & Hinton, 2015), unsupervised learning will become 
far more important in the longer term, because labeling data is both costly and time 
consuming, and sometimes impossible especially in the context of big data. As an 
important branch in unsupervised learning, clustering has recently emerged as an 
active research topic in big data mining. Particularly, it can be considered as an 
important tool for analyzing the massive volume of data generated by modern 
applications: having big data clustered/grouped in a compact format that is still an 
informative version of the entire data (Fahad et al., 2014). It is also argued that 
human and animal learning is largely unsupervised. 

There are difficulties for applying clustering techniques to big data due to new 
challenges that are raised with big data (Shirkhorshidi et al., 2014). Especially, big 
data mining adds to clustering the complications of very large datasets with many 
attributes of different types (Berkhin, 2002). 

The classical k-means algorithm (MacQueen, 1967) is probably the most popular 
and widely used clustering technique. Numerous k-means like algorithms have been 
also proposed in the literature; each of which typically uses different similarity 
measure (Kogan et al., 2005). The k-means like algorithms are easy to implement 
and also efficient for handling large data sets. However, working only on numerical 
data prohibits k-means like algorithms from being used for clustering categorical 
data. 

During the last decade or so, several attempts have been made in order to remove 
the numeric data only limitation of k-means algorithm so as to make it applicable to 
clustering for categorical data, such as k-modes algorithm (Huang, 98), 
k-representative algorithm (San, Huynh, Nakamori, 2004), modified k-means 
algorithm (Ahmad and Dey, 2007), k-centers algorithm (Chen and Wang, 2013) and 
k-means like algorithm (Nguyen and Huynh, 2016). While these k-means based 
algorithms use a similar clustering procedure to the k-means algorithm, they are 
different in the way of defining “cluster center” or “similarity measure” for 
categorical data. 

In this research project we focused on the problem of clustering massive 
categorical and mixed data sets. The main objective of this research is to conduct a 
systematic study of data-driven similarity measures based on information theory 
and kernel-based methods for representation of cluster centers for categorical 
objects so as to ultimately develop a k-means like clustering methodology capable 
of handling missing data for categorical and mixed datasets. We have also 
conducted a series of experiments tested on real datasets from UCI Machine 
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Learning Repository to evaluate the performance of the proposed clustering 
framework against other previously developed clustering methods. 

Results and Discussion:   
Firstly, we have proposed a new unsupervised similarity measure for categorical 
data based on the information theoretic approach. The new proposed measures 
could be able to integrate the information of relations between attributes through 
co-occurrence content. In order to evaluate the new measures, experiments were 
conducted to compare its effectiveness with other categorical similarity measures. 
The results have shown that the new proposed measures have a competitive 
performance comparing to the others especially when handles with highly correlated 
data sets.  
Secondly, based on the newly developed similarity measure for categorical data, we 
proposed a novel k-means like clustering framework making use of kernel-based 
methods for representation of cluster centers. Essentially in the proposed clustering 
framework it allows us to formulate the problem of clustering categorical data in the 
fashion similar to k-means clustering, while kernel-based representation of centers 
also provides an interpretation of cluster means being consistent with the statistical 
interpretation of the cluster means for numerical data. Also, the new similarity 
measure based on the information theoretic approach allows us to integrate not 
only the distributions of categories but also their relationship information into the 
quantification of similarity between data objects. Within this framework, a class of 
k-means like algorithms for clustering categorical data have been experimentally 
implemented and tested. The experiments have shown that the proposed clustering 
algorithm has a competitive performance when compared to other popular used 
clustering methods for categorical data.  
Thirdly, we also developed the so-called k-CCM algorithm for clustering categorical 
data with missing values. The proposed algorithm k-CCM integrates imputation step 
and clustering into a common process. By this way, all incomplete objects are first 
imputed and then assigned into appropriate clusters. In particular, we have 
extended a decision tree-based imputation method to fill in missing values and then, 
for clustering, we used a kernel density estimation approach to define cluster 
centers and an information theoretic-based dissimilarity measure to quantify the 
differences between objects. An extensive experimental evaluation is conducted on 
benchmark categorical datasets to evaluate the performance of the k-CCM algorithm. 
According to the experimental results, the designed algorithm has a comparative 
result in terms of clustering quality when compared to other five algorithms showing 
that the imputation step has improved the quality of the clustering.  
Finally, we have further extended the proposed k-means like clustering framework 
so as to make it applicable for clustering mixed numeric and categorical datasets 
with missing data. In particular, we developed a so-called k-CMM algorithm for 
clustering mixed numeric and categorical datasets with missing values by integrating 
the imputation step into the proposed clustering framework. In the imputation step, 
it first uses the decision-tree based method to find the set of correlated objects and 
then uses the IS and MCS measures to search for possible imputed values from the 
correlated set to impute for missing values in categorical attributes, while the 
missing values in numeric attributes are imputed using the mean of corresponding 
attributes from the correlated set. As for the clustering step, k-CMM uses the kernel 
density estimation approach and the mean to define cluster centers at categorical 
and numeric attributes, respectively. In addition, to quantify the proximity between 
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data objects, it uses the squared Euclidean and the information-theoretic based 
dissimilarity measures for numeric and categorical attributes, respectively. 
Experimental results have shown that k-CMM is more efficient than Huang’s 
k-prototypes algorithm in terms of clustering quality in most cases. The particular 
case of k-CMM for clustering purely categorical datasets was also evaluated with the 
other five state-of-the-art clustering algorithms in terms of clustering quality. 
Experimental results indicated that the decision-tree based method and measures 
used for categorical attributes can enhance clustering results. Generally, k-CMM has 
a comparative performance in terms of Purity, Normalized Mutual Information (NMI) and 
Adjusted Rand Index (ARI). Moreover, we also evaluated the runtime, memory 
consumption, and scalability of k-CMM. The results obtained show that k-CMM is 
scalable with respect to the number of instances. It would be also extendable by 
designing a parallel clustering algorithm for efficiently handling large-scale and 
high-dimensional mixed datasets with missing values. 

As for the future work, we will focus on a hybrid approach that is to uncover the 
semantic information and to cluster data simultaneously. This approach would allow 
to learn the semantic information that is consistent with clustering solutions. We will 
also apply the developed clustering methods and tools to practical applications 
including chemical compounds analysis, DNA sequences analysis, social networks 
analysis, and patient similarity for treatment regimen discovery. 

The results obtained from this research project have been published, or submitted 
for publication, in the following papers. One PhD thesis has been completed within 
this research project. In addition, two journal papers are being written based on the 
work supported by this research project and it is anticipated that they will be 
submitted for publication shortly. 
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