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Abstract
Most of the existing clustering approaches concentrate on purely 
numerical or categorical data only, but not the both. In general, it 
is a nontrivial task to perform clustering on mixed data composed 
of numerical and categorical attributes because there exists an 
awkward gap between the similarity metrics for categorical and 
numerical data. In this paper, a method based on the ideas to explore 
the relationship among categorical attributes’ values is presented. 
This method defines the similarity among items of categorical 
attributes based on the idea of co occurrence.  All categorical values 
will be converted to numeric according to the similarity to make 
all attributes contain only numeric value. Since all attributes has 
become homogeneous type of value, existing clustering algorithms 
can be applied to group these mixed types of data without pain. 
Nevertheless, most of the existing clustering algorithm may have 
some limitations or weakness in some way. In this paper, a two-step 
method is applied to avoid above weakness. At the first step, HAC 
(hierarchical agglomerative clustering) [3] algorithm is adopted to 
cluster the original dataset into some subsets. The formed subsets 
in this step with adding additional features will be chosen to be 
the objects to be input to k-means in next step. Since every subset 
may contain several data points, applying chosen subsets as initial 
set of clusters in k-means clustering algorithm will be a better 
solution than selecting individual data. Another benefit of applying 
this strategy is to reduce the influences of outlier, since the outlier 
will be smoothed by these added features. The results show that 
this proposed method is a feasible solution for clustering mixed 
numeric and categorical data.
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I. Introduction
To discover the naturally group structure of objects represented 
in numerical or categorical attributes [5], clustering analysis has 
been widely applied to a variety of scientific areas, e.g. computer 
science [1], informatics [2], biology [3], market management [4], 
and so on. Traditionally, clustering analysis concentrates on purely 
numerical data only. The typical clustering algorithms include the 
k-means [6] and EM algorithm [7]. Since the objective functions 
of these two algorithms are both numerically defined, they are not 
essentially applicable to the data sets with categorical attributes. 
Under the circumstances, a straightforward way to overcome this 
problem is to transform the categorical values into numerical 
ones, e.g. the binary strings, and then applies the aforementioned 
numerical-value based clustering methods. Nevertheless, such 
a method has ignored the similarity information embedded in 
the categorical values and cannot faithfully reveal the similarity 
structure of the data sets [8-9]. Hence, in the past decades, a 
number of research works have been done towards categorical or 
even mixed data that are composed of numerical and categorical 
attributes.
Roughly, the existing approaches dealing with categorical data 
sets can be summarized into the four categories. The first category 

of the methods is based on the perspective of similarity. For 
example, based on Good all similarity metric [10] that assigns a 
greater weight to uncommon feature value matching in similarity 
computations without assuming the underlying distributions of 
the feature values, Li and Biswas [11] presented the Similarity 
Based Agglomerative Clustering (SBAC) algorithm. This method 
has a good capability of dealing with the mixed numeric and 
categorical attributes, but its computation is quite laborious. 
Furthermore, ROCK algorithm proposed by Guha et al. [12] is 
an agglomerative hierarchical clustering procedure based on the 
concepts of neighbors and links. The desired cluster structure is 
obtained by merging the clusters sharing a pre-assigned number 
of neighbors or links gradually. In general, the performance of this 
algorithm is sensitive to a parameter whose setting is, however, 
very difficult. Also, the computation of links between objects is 
quite time-consuming [13]. Beside the similarity concepts, the 
second category is based on graph partitioning. A typical example 
is the CLICKS algorithm [14]. It encodes a data set into a weighted 
graph structure, where each weighted vertex stands for an attribute 
value and two nodes are connected if there is a sample in which 
the corresponding attribute values co-occur. However, as pointed 
out in [13], this algorithm is not applicable to the clustering task if 
data sets are high dimensional or a number of candidates for each 
attribute becomes large. Moreover, its performance also depends 
upon a set of parameters whose tuning is very difficult from the 
practical viewpoint.
Various clustering applications [3 -12] have emerged in diverse 
domains. However, most of the traditional clustering algorithms 
are designed to focus either on numeric data or on categorical 
data. The collected data in real world often contain both numeric 
and categorical attributes. It is difficult for applying traditional 
clustering algorithm directly into these kinds of data. Typically, 
when people need to apply traditional distance-based clustering 
algorithms (ex., k-means [3]) to group these types of data, a numeric 
value will be assigned to each category in this attributes. Some 
categorical values, for example “low”, “medium” and “high”, 
can easily be transferred into numeric values. But if categorical 
attributes contain the values like “red”, “white” and “blue” … 
etc., it cannot be ordered naturally. How to assign numeric value 
to these kinds of categorical attributes will be a challenge work

II. Existing System
The major problem of existing clustering algorithms is that 
most of them treat every attribute as a single entity, and ignore 
the relationships among them. However, there may be some 
relationships among attributes. For example, the person with high 
incomes may always live in a costly residence, drive luxurious 
cars, and buy valuable jewelries… and so on

III. Proposed System
In this paper we represent TMCM (a Two-step Method for 
Clustering Mixed numeric and categorical data) algorithm to solve 
above problems. The contributions of this proposed algorithm can 
be summarized as followings:
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A new idea is presented to convert items in categorical • 
attributes into numeric value based on co-occurrence theory. 
This method explores the relationships among items to define 
the similarity between pairs of objects A reasonable numeric 
values can be given to categorical items according to the 
relationship among items.
A two-step k-means clustering method with adding features • 
is proposed. K-means’s shortcomings can be improved by 
applying this proposed method.

A. TMCM Algorithm (Two Step Method for Clustering 
Mixed Numerical and Categorical Data)
In order to explore the relationships among categorical items, 
the idea of co-occurrence is applied. The basic assumption of 
co-occurrence is that if two items always show up in one object 
together, there will be a strong similarity between them. When 
a pair of categorical items has a higher similarity, they shall be 
assigned closer numeric values. For example, when temperature 
is “hot”, the humidity is always “high”; but when temperature is 
“cool”, the humidity is “medium” or “low”. It indicates that the 
similarity between “hot” and “high” is higher than the one between 
“cool” and “high”. Therefore, “hot” and “high” shall be assigned 
a more similar numeric value than “cool” and “high”

1. Phase-I Data Processing
Read input data, and normalize numeric attributes.• 
Find the attributs A with the most number of items to be base • 
attribute are defind as base items.
Count the frequency of co-occurrence between every • 
categorical items and every base item, and store these 
information in a matrix M
Using the information in M to build the similarity between • 
every categorical and base item, and store these information 
in a matrix D.

2. Phase -2: Assigning Numeric Values to Categorical 
Items

Find the numeric attribute that minimizes the within group • 
variance o base attribute. Assign mean of the mapping value 
in this numeric attribute to every base item.
Applying the information of similarity that is stored in matrix • 
D to find the numeric values of every categorical item.

3. Phase 3: Clustering
Apply HAC clustering algorithm to group data set into I • 
clusters. 
Calculate the cenroid of every formed cluster , and add every • 
categorical item to be additional attributes of centroid. The 
value of a new attribute is the number that objects in this 
cluster contains this item.
Applying k-means clustering algorithm again to group formed • 
clusters in step7 – step8 into desired k groups.

4. HAC Algorithm
Calculate the distance between every two objects• 
View each object as an individual cluster• 
Merge the closest two clusters• 
Update the distance between clusters Repeat 3-4 until reaching • 
a stopping criterion or generating the whole hierarchy

The HAC algorithm takes numeric data as the input and generates 
the hierarchical partitions as the output. Therefore it is applied in 
first clustering step to group data into subsets. In HAC, initially 

each object is considered as a cluster. Then by merging the closest 
clusters iteratively until the termination condition is reached, or 
the whole hierarchy is generated

5. K-Mean Algorithm
Select first k objects randomly as the centroid of each • 
cluster
Assign each objects to the closest cluster based on Euclidean • 
distance or cosine similarity.
Update the centroid of each cluster• 
Repeat steps 2-3 until stopping criterion is reached.• 

The k-means algorithm takes numeric data as input, and generates 
crispy partitions (i.e., every object only belongs to one cluster) as 
the output. The k-means algorithm is applied in second clustering 
step to cluster data sets. K-means starts by randomly selecting or 
by specifically picking k objects as the centroids of k clusters. Then 
k-means iteratively assigns the objects to the closest centroid based 
on the distance measure, and updates the mean of objects in this 
cluster as the new centroid until reaching a stopping criterion.

IV. Conclusion
Clustering methods can be applied in various fields which use 
large datasets, just to find hidden patterns. Since most data taken 
from the real world (as in banking field, in our case) contains both 
numerical and categorical attributes, classical clustering algorithms 
can not work efficiently with such data. To solve this problem, 
we showed that TwoStep method can be easily used, which also 
determines the optimal number of clusters automatically. In 
this paper, the TMCM algorithm integrates HAC and k-means 
clustering algorithms to cluster mixed type of data. Applying other 
algorithms or sophisticated similarity measures into TMCM may 
yield better results.
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