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____________________________________________________________________________________ 

Abstract: Clustering algorithms are used to classify different objects and their behavior and properties with 

other objects. These algorithms are mainly used to analyze microarray data and gene comparisons. In this 

paper we compared some algorithms i.e. hierarchical algorithms, K-means and Fuzzy C-means algorithms 

according to their performance, size, software and dataset used and their applications. These clustering 

algorithms are very valuable in recognizing the genes and its sample data. Thus we can easily analyze gene 

expression data of different genes using these clustering algorithms.  Through these comparisons between 

different algorithms, we compare which algorithm works more efficiently considering different metrics without 

degrading its performance.  
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_____________________________________________________________________________________ 

 

I. Introduction 

Clustering is a technique to group together similar entities or objects such that objects in the same group have 

similar behavior and properties as compare to a group of other objects [4][7][8]. Thus grouping of different 

objects together that poses similar behavior and properties are called clusters. Clusters are basically used to 

analyze the microarray data or testify and compare genes of unlabeled data to form a structure [8]. 

Example: 

 
Fig. 1Group of clusters [8]. 

In fig. 1 we can see that similar data is closer than the dissimilar data. 

Clustering can be defined mathematically by the equation: 

C = X1 U X2 U X3 U…. U Xn 

Where, 

C is the dataset, X1, X2, X3, …., Xn are the clusters in the dataset C and n is total number of clusters in the dataset 

[9]. 

A. How to group a cluster [8]: 

 Selection: Identify the data or pattern having original features and common behavior. 

 Extraction: Alteration of input to introduce a new significant feature or behavior. 

 Resemblance: Measured to define similar pattern using distance function. 

 Grouping: Group similar pattern to form a cluster. 

 
Fig. 2 Procedure to group clusters [8]. 
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II. Reviewed Algorithms and their Comparisons 

A. Hierarchical Clustering Algorithm 

Hierarchical clustering is a mathematical technique to group together genes into small clusters and then group 

these cluster into further high level system [8]. Hierarchical clustering as shown in fig.3 organizes elements into 

a tree, rather than forming elements into clusters. In this case, the genes/data are characterized as the leaves of a 

tree. The edges of the trees are allocated lengths and the distance between leaves is the path in the tree that joins 

two leaves [7][12]. Such structure is used to analyze both expression data and molecular evolution studies.  

 

 
Fig. 3 Hierarchical clustering. 

Hierarchical clustering is considered as an efficient tool for microarray datasets by demonstrating the 

construction in the form of tree structure called dendograms. The hierarchical clustering algorithm contain 

following attributes [7]: 

 an n×n distance matrix  

 Input d of n partitions that is generated from tree’s output data. 

HierarchicalClustering Algorithm [7][8] (d, n) 

1. Create clusters of n number, each having one element 

2. Allocate a unique vertex to every cluster by constructing a graph G 

3. While  if number of cluster is more than 1 

4. Select 2 nearest clusters C1 and C2 and combine C1 and C2 in newly formed cluster C 

5. Calculate distance from new cluster C to every other clusters 

6. Add new vertex in newly formed vertex C to graph G and join with vertices C1 and C2 

7. Correspond to C1and C2, eliminate rows and columns of d 

8. In newly formed cluster C, insert row and column to d 

9. Return G 

 

B. K-Means Clustering  

K-means clustering also known as hard C-means clustering is a partitioning method used to analyze and observe 

data and data objects that lies at different distance and locations between different data points. Partition of 

objects and data is done in such a way that each and every cluster remains closer to one other as well as far from 

other cluster objects [8].It mainly comprises of a central point called centroid. K-means algorithm finds a 

desired set of these centroids along with their corresponding clusters.  

Algorithm [7][8]: 

1. Select K as number of partitioned clusters. 

2. Choose k as initial starting points which will be used as initial cluster centroids. 

3. Examine each point and allocate it to the cluster whose centroid is closer to it. 

4. When every point is allocated to the clusters in dataset, further recomputed new centroids k. 

5. Repeat steps [3] and [4] till the centroids don’t change. 

 

C. Fuzzy C-Means Clustering  

FCM is a clustering method which permits an object to lie in two or more clusters. Fuzzy C-means clustering 

method was introduced in 1981 by Bezdek. This method was extended from K-means clustering. Unlike K-

means, FCM is an unsupervised algorithm [10] that is implemented to number of problems related with feature 

analysis, clustering, pattern recognition etc. FCM is an analysis algorithm based on distance between different 

data points. It is actually a technique to group data set into cluster of n numbers with data point in related dataset 

cluster, and thus having a higher connection degree to data point and cluster that lies away from centroid of 

cluster that have lower connection degree [1][8]. Since FCM is an unsupervised, it is taken as an advantage over 

K-means algorithm and is not bounded to a certain set of data [10].  
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Algorithm: 

FCM is an iterative algorithm [2][5], which is described in the following. 

1. Initialize the matrix  

U= [uij], U
(0)

          

2. At k-step: calculate the centers vectors C
(k)

=[cj] with U
(k) 

 
3. Update U

(k)
 , U

(k+1) 

 
4.     If || U

(k+1)
 - U

(k)
||<  then STOP; otherwise return to step 2. 

 

D. Comparative Analysis 

Comparison between various clustering algorithms can be done by following features [12]: 

1. Size: Algorithms are compared on the basis of size of the raw datasets as in some algorithms like FCM 

where clustering is not possible of the datasets that are larger than the main memory. 

2. Cluster: Clusters’ number is another factor while comparing the algorithms. 

3. Software: Category of Software used is one of the features to compare the clustering algorithms. 

4. Dataset: Comparison can be done on the basis of dataset type. 

 

 Comparison between Hierarchical and K-means Clustering 

Earlier basically two clustering algorithms were known: Hierarchical and Partitional clustering. Hierarchical 

Clustering form a layered series of partitions while Partitional Clustering (K-means) produce a single level 

partitioning [4][11]. Hierarchical Clustering techniques basically emphasizes on the schemes that how to select 

the clusters in order to merge them to get similarity. Osama Abu Abbas [12] compare various algorithms on the 

basis of above mentioned 4 factors and gave following results: 

As per in table 1, with the increase in the number of cluster k, performance of K-means enhances as compare to 

Hierarchical Clustering algorithm. 

Table 1. Relation between no. of clusters and performance of different algorithms 
Number of clusters(K) Performance 

Hierarchical Clustering K-means 

8 65 63 

16 74 71 

32 87 84 

64 92 89 

According to quality relationship as in table 2, accuracy of hierarchical algorithm becomes improved but has 

ambiguity to some extents. K-means shows low quality due to some noisy data. 

Table 2. Relation between no. of clusters and quality of different algorithms 
Number of clusters(K) Quality 

Hierarchical Clustering K-means 

8 1090 1112 

16 960 1089 

32 850 910 

64 760 840 

Table 3 shows with larger dataset size k-means has better quality but hierarchical algorithm shows better results 

with small datasets. 

Table 3. Influence of size of dataset 
K=32 

Data Size Hierarchical Clustering K-means 

36000 850 910 

4000 91 95 

 

According to dataset type (see table 4), Random and Ideal datasets are used in which ideal dataset is part of 

software and appropriate for testing. Hierarchical algorithm gives better results as compare to k-means while 

using random dataset and vice versa. 
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Table 4. Influence of type of data 
K=32 

Data Type Hierarchical Clustering K-means 

Random  850 910 

Ideal 829 810 

 

 Comparative analysis between K-means and Fuzzy C-means clustering 

According to Soumi Ghosh [13] time complexity of K-means is O(ncdi) and time complexity of Fuzzy C-means 

is O(ndc
2
i). In order to guess our results, we keep the data point numbers constant and assume n=100, d=3 and 

i=20, following results are driven: 

Table 5. Time Complexity 
Algorithm Time Complexity Elapsed Time(seconds) 

K-Means O(ncdi) 0.44387 

FCM O(ndc2i) 0.78167 

where n = number of data points, c = number of cluster, d = number of dimension and i = number of iterations. 

Now above table 5 shows the result of comparison when number of clusters are constant. For variable number of 

clusters [13], following result is found: 

Table 6. when number of clusters varies 
Number of Clusters Time Complexity of 

K-means 

Time Complexity of 

Fuzzy C-means 

1 6000 6000 

2 12000 24000 

3 18000 54000 

4 24000 96000 

 

In above table 6, it is clearly determined that with the increase in the number of clusters, time complexity of 

both algorithms increase but as compare to Fuzzy C-means, time complexity of K-means algorithm is 

reasonably low [13]. 

 

III. Conclusion 

With thoroughly reviewing the three clustering algorithms, it is concluded that although performance of K-

means algorithm is far better than the Hierarchical algorithm still it has less quality and accuracy along with 

ambiguity to noise. K-means is sensitive for noise in dataset, thus hierarchical algorithms provide better results 

in random datasets. As a general scenario, K-means algorithms are used for large datasets while small datasets 

are used for hierarchical algorithm as K-means is an unsupervised algorithm. As in case between K-means and 

FCM, reviewed time complexity of K-means O(ncdi) and time complexity of Fuzzy C-means is O(ndc
2
i) result s 

that K-means is better than FCM algorithm as the time complexity of FCM is require more time for 

computation. This property of K-means algorithm makes it superior over the FCM algorithm. 
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