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Abstract— Machine learning algorithms were broadly classified into supervised, unsupervised and semi-

supervised learning algorithms. Supervised learning algorithms were classified into classification and 

regression techniques whereas unsupervised learning algorithms were classified into clustering and     

dimensionality reduction. This paper deals with the evaluation of clustering techniques under unsupervised 

learning. Clustering is the process of coordinating the data of similar properties under single group. There 

are several clustering techniques available such as partitional clustering, hierarchical clustering, Fuzzy 

clustering, Density-based clustering, and Model-based clustering. This paper focuses on the analysis and 

evaluation of K-means clustering of partitional method and Divisive clustering of hierarchical method. The 

result of evaluation shows that K-means clustering can hold better for large datasets and it also takes less 

time than hierarchical clustering. 
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I. INTRODUCTION 

Clustering plays a major role in grouping the members of the data under same category based on their 

properties such as their size, attributes etc., The similarity between the intra-cluster is lower whereas the 

similarity between inter-cluster is higher. Similarities are calculated based on the properties of each data within 

the cluster. Clustering algorithms are mainly used to organize, categorize, compression, outlier detection which 

lies under unsupervised learning algorithms. Clustering is also used to determine the relationship between each 

element within the cluster and between the clusters. The common method used in the process of clustering is by 

determining the cluster center. Those cluster centers are used to determine which element belongs to which 

cluster and to process them. There are several tools available for clustering such as R tool, weka tool, data 
mining tool etc., There are several types of clustering algorithms for data categorizing such as partitional 

clustering, hierarchical clustering, Fuzzy clustering, Density-based clustering, and Model-based clustering [1]. 

Under Partitional clustering, there are several techniques to group the data such K-means clustering, K-

medioids clustering, Quality Threshold Clustering, Expectation Maximization Clustering, mean shift, Locality 

Sensitive Hashing Based Clustering, and K-way Spectral Clustering [1]. Under Hierarchical clustering, 

agglomerative and divisive are the two techniques to cluster the data items.  Under fuzzy clustering, Possibilistic 

C-Means (PCM), Fuzzy Possibilistic C-Means (FPCM) and Possibilistic Fuzzy C-Means (PFCM). Gustafson-

Kessel (GK) algorithm are the different clustering techniques available to cluster the data. Density-based 

clustering divides into DENCLUE, DBCLASD and DBSCAN clustering algorithms. Model based clustering 

divides into EM approach, COBWEB, CLASSIT, SOM to cluster the data. This paper focussed with the 

evaluation of K-means method of partitional clustering and divisive method of hierarchical clustering. 
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II. IMPLEMENTATION 

A. Partitional clustering method: 

Partitional clustering method is utilized for the classification of observations and the data into several groups 

based on its similarity. It divides the dataset into disjoint set of clusters. Given a set of N points, this method 

partition the data which constructs K (N >= K), where each partition represents a cluster. It determines the 

number of clusters to be produced [2]. It should satisfy two properties: (1) Each data should belong to one 

cluster (2) Each group should contain atleast one data point. K-means clustering is an unsupervised learning 
which works under the partitional method. 

 
 

Fig 1. Classification of clustering techniques 
 

A.1 K-means clustering: 

K-means is known to be the simplest as well as unsupervised Machine learning algorithms that are 

used to solve the problems in clustering. It is the simplest and easiest way to categorize the given data by 

generating the specific number of clusters (K clusters). Initially specific amount of element has been 
inserted in each k cluster and the cluster center was calculated for each cluster [3]. The core idea is to 

define the k-centers, for each element the cluster is identified based on the mean difference between 

particular element and the cluster center. The element would be move to the cluster of minimum difference. 

The process has been repeated until there is no change in the cluster means. It is used to identify the groups 

which have not been labeled explicitly (i.e.) unsupervised learning algorithm. It is mostly used for 

customer profiling, market segmentation etc., [7]. 
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K-means clustering algorithm 

 

Input: k (the number of clusters), D (a set of lift ratios) 

Output: a set of k clusters 

Method: 

Arbitrarily choose k objects from D as the initial cluster centers; 

Repeat: 

1. (re)assign each object to the cluster to which the object is the most similar, 

Based on the mean value of the objects in the cluster; 

2.    Update the cluster means, i.e., calculate the mean value of the objects for each cluster 

       Until no change; 

 

 
 

Fig 2. Implementation of K-means algorithm 

 
B. Hierarchical clustering: 

Hierarchical clustering coordinate objects into similar groups called clusters. The result would be a set of 

clusters, where each cluster would be unique to one another as well as the objects within each cluster are 

similar to each other [4]. It is used to produce hierarchy of clusters through cluster analysis. 

 

Two types of Hierarchical clustering: 

Agglomerative: Bottom up approach – starts with multiple data items where each data item considered as

       individual cluster and the clustering process continues until it becomes a single cluster. 

  Divisive           : Top-down approach – starts with single cluster which contains multiple data items and the  

     clustering process continues until it produces multiple clusters which              

     contain data of similar properties [5]. 
 

B.1 Divisive hierarchical clustering: 

Divisive hierarchical clustering which comes under top-down approach also known as DIANA analysis. 

This was introduced by Kaufmann and Rousseeuw in 1990. This algorithm gets processed by not 

prespecifying the number of clusters where each node forms a cluster of its own. It starts by including all 

the data objects under single cluster [11]. At each step, the algorithm successively divides data items into 

smaller partitions based on diameter between each samples in the cluster. Finds the most dissimilar sample 

from cluster and create a new individual cluster. The process has been repeated until the number of clusters 

equals the number of samples (data items) or as specified by the user. 
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Divisive hierarchical clustering 

 

1. Starts with single cluster contain all the elements. 

2. Calculate diameter of each cluster (the maximum distance between samples in the cluster). 

3. Find the dissimilar sample, C from cluster. 

4. Create new cluster with the element C. 
5. Repeat steps 2, 3, and 4 until the number of clusters equals the number of data items or as 

specified by the user. 

 

 

 

 

 

 
Fig 3. Implementation of Divisive hierarchical clustering 

 

III.  ANALYSIS 

A. Partitional clustering – Time complexity: 

 

TABLE I 

Time complexity for Partitional Clustering (K-means) 

Data size Time taken to cluster (ms) 

N = 10 2 

N = 20 3 

N = 50 5 

N = 80 8 

N = 100 9 

N = 150 10 

 

Table I shows the time complexity of partitional clustering such as k-means to produce the cluster for the 

given data items. 
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Fig 4. Time complexity: k-means 

 

Figure 4 shows the time complexity for k-means algorithm to cluster the data. From the above graph it is 

inferred that the time increases with the increase in data size. It also shows that the the time increases linearly 

with increase in number of data items. 

 

B. Hierarchical clustering – Time complexity: 
TABLE III 

Time complexity for Hierarchical Clustering (Divisive analysis) 

Data size Time taken to cluster (ms) 

N = 10 9 

N = 20 11 

N = 50 20 

N = 80 45 

N = 100 57 

N = 150 70 

 

Table II shows the time complexity of hierarchical clustering such as Divisive analysis to produce the cluster 

for the given data items. 

 

 
Fig 5. Time complexity: Divisive analysis 
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Figure 5 shows the time complexity for Divisive analysis to cluster the data. From the above graph it is 

inferred that the time increases with the increase in data size. It also shows that the time increases drastically 

with increase in number of data items. 

 

C. Comparison – Partitional vs. Hierarchical clustering: 

 
TABLE III 

Comparison – Partitional and Hierarchical clustering 

Data size Time to cluster (Partitional)(ms) Time to cluster (Hierarchical)(ms) 

N = 10 2 9 

N = 20 3 11 

N = 50 5 20 

N = 80 8 45 

N = 100 9 57 

N = 150 10 70 

 

Table III shows the time complexity for the comparison of partitional such as K-means algorithm and the 

hierarchical clustering such as Divisive analysis.  

 

 
Fig 6. Comparison - Partitional(K-means) vs. Hierarchical(Divisive analysis) 

 

Figure 6 shows the time complexity for both Partitional clustering and Hierarchical clustering to make 

comparison between them. From the graph it is inferred that the partitional clustering takes less time than 

hierarchical clustering to cluster the given set of data items. And also the time increases linearly for partitional 

clustering whereas it increases drastically for hierarchical clustering. So, from the comparison it is concluded 
that the partitional clustering can handle the large dataset efficiently and it can able to cluster the large dataset 

efficiently. Moreover the similarity between each element in the cluster will be more than the hierarchical 

clustering.  

IV. RESULTS AND DISCUSSION 

Clustering technique has been evaluated for partitional and hierarchical clustering (i.e.) between K-means and 

Divisive analysis. When analysing the above two methods, the following result has been drawn: Partitional 

clustering consumes less time than Hierarchical clustering for clustering of data items. This is because the 

partitional clustering calculates the cluster means for each cluster and it groups the most similar items together 

and the time increases linearly with increase in number of data items. Whereas the hierarchical clustering 

calculates the diameter between each samples in the cluster and the process continues until the number of cluster 

equals the number of samples (data items). This shows that partitional clustering is used to cluster the large 
datasets efficiently and it produces tighter clusters than hierarchical clustering. 

 

 Larger the dataset, Smaller the time to cluster => Partitional clustering. 

 Larger the dataset, Larger the time to cluster   => Hierarchical clustering. 
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V. CONCLUSIONS 

Clustering plays an important role in the process of coordinating the similar data items under one group. It 

occupies huge role in the recommendation systems to recommend the data to the users based on their interests 

by grouping the similar users into clusters. This paper evaluated two types of clustering such as Partitional 

clustering (K-means) and Hierarchical clustering (Divisive analysis). From analysing the above two methods, it 

is inferred that partitional clustering holds well than hierarchical clustering. The partitional clustering cluster the 

data set with time complexity of O(n2) whereas the hierarchical clustering takes about O(n3). This shows that 

partitional clustering used to cluster the large dataset efficiently and also to produce tighter clusters. 
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