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Abstract
Data mining is used in several medical applications like 
tumor classification, prediction of medical test effectiveness, 
genomics, proteomics and DNA sequence analysis. Cancer 
detection is one of the hot research topics in the bioinformatics 
age. Data mining techniques, such as pattern association, 
classification and clustering is applied over gene expression 
data for detection of cancer. Accuracy is the vital thing to be 
considered during estimation over colon data. Association works 
on the basis of correlation, classification helps in categorizing 
and locate accurately, and clustering is the unsupervised 
learning ability that is able to discover hidden patterns of 
dataset. The objective of our work is to make comparative study 
about various clustering algorithms like simple K-means, global 
K-means, K-means++ and C5 over cancer dataset is made. 
Clustering algorithms are compared based on accuracy. 
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I. Introduction
Great innovation in information technology in the early 1990’s 
is the internet and that paved way for storing large quantities 
of data electronically. However, the question is what to do with 
all this data. Data mining is the interesting process to discover 
useful information from data. Clustering is the most important 
unsupervised learning technique. It works on the basis of 
similarity of objects [1]. Highly relevant objects combine to form 
a cluster and separates dissimilar objects into different groups.
In machine learning and computational geometry, clustering 
is the major problem [5]. Given an integer i and a set of k 
data points in Rd, the main aim is to choose i centers so as to 
minimize φ, the sum of the squared distance between each 
point and its closest center. Solving this problem is difficult even 
with two clusters. Lloyd’s algorithm is very widely used today. 
Lloyd’s algorithm considers k arbitrary points as centers and 
they are selected uniformly at random. Each point is assigned to 
the nearest center and each center is recomputed as the mass 
of all points assigned to it. Assignment and center calculation 
steps are performed until the process stabilizes. The error φ 
monotonically decreases hence it is advantageous. It is faster 
because very less number of iterations is required. The process 
always terminates since there are at most kn possible clustering. 
It is referred as k-means. To classify cancer types different data 
mining techniques have been used over gene expression data 
to. To identify group of genes whose members behave in similar 
ways, Gene expression profiles are used. The cancer types using 
gene expression dataset are classified by Golub et al, Alizadh et 
al, Bittner et al and Neilson et al. Hierarchical and partitioning 
clustering is used in gene expression analysis. For stimulated 
data and real gene expression data, Yeung et al [1] compared 
k-means, CAST, single, average and complete link hierarchical 
clustering. Among the algorithms compared, k-means and CAST 
gave favorable results. Gibbons and Roth compared k-means, 
SOM and hierarchical clustering of micro array gene expression 

data and it privileged k-means and SOM.  

II. K-Means Algorithm
According to MacQueen, the k- means algorithm is one among 
the algorithms of partitioning methods [1]. It is very simple and 
it can be easily used for solving most of the practical problems. 
It is the best squared error-based clustering algorithm.
Consider the data set with ‘n’ objects, 
i.e 
1. Initialize k-partition based on some prior knowledge or 
randomly 

i.e 
2. Evaluate the cluster prototype matrix M i.e the distance 
matrix of distances between k-clusters and data objects.
where,

mi is a column matrix 1× n .
3. Each object in the data set are assigned to the nearest 
cluster - Cm 

i.e. 

where, j=1,2,3,……..n
4. Compute the mean of each cluster and change the k-cluster 
centers by their means.
5. Once more calculate the cluster prototype matrix M.
6. Reiterate steps 3, 4 and 5 until there is no change for each 
cluster.

III. Global K-Means Algorithm
According to Likas [2] the global k-means clustering algorithm 
does not depend upon the initial parameter values and utilize 
the k-means algorithm as a local search procedure that 
constitutes a deterministic global optimization method. This 
technique proceed in an incremental way of attempting to 
optimally include one new cluster center at each stage instead 
of randomly selecting starting value for all clusters [3]. 
More particularly, to solve a clustering problem with k clusters 
the method proceeds as follows.
Step 1: We begin with one cluster (k=1) and cluster center 
corresponds to the centroid of the data set X.
Step 2: We perform N executions of the k-means to find two 
cluster (k=2) after the initial positions of the cluster centers: 
For k=1, the first cluster center is constantly placed at the 
optimal position. The second center at execution n is placed at 
the position of the data point xn (n-1,…..,N). The best solution 
is obtained after N executions of the k-means algorithm.
Step 3: For k-1 clustering problem, the final solution is denoted 
by (c1,c2,….,ck-1). We perform N execution of the k-means 
algorithm with initial positions (c1, c2…... ck-1, xn) here n varies 
from 1 to N to find solution for k-clustering problem. The best 
solution obtained in this process is considered as the final 
solution.
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IV. K-Means++ Algorithm
k-means ++ is proposed in 2006 by Rafail Ostrovsky, Yuval 
Rabani, Leonard Schulman and Chaitanya Swamy, and 
independently in 2007 by David Arthur and Sergei Vassilvitskii  
[6]. It is an algorithm for choosing the initial values for the 
k-means clustering and an approximation algorithm for the 
NP –hard k-means problem. It provides away of avoiding poor 
clustering’s observed in the standard k-means algorithm. 
The k-means algorithm starts with an arbitrary set of cluster 
centers. We recommend a particular way of choosing these 
centers. At any time, let D(x) represents the shortest distance 
from a data point x to the closest center as we have previously 
selected. We define the k-means++ algorithm as,
1. Uniformly choosing an initial center c1 at random from X.
2. Choose the next center ci, selecting
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3. Reiterate Step 1b until we have chosen a total of k 
centers.

V. See5 Algorithm
The decision tree algorithm is very robust and learning efficiency 
with its learning time complexity of O(nlog2n). The outcome of 
this algorithm is a decision tree that can be easily represented 
as a set of symbolic rules (IF….THEN….)[9]. This rule can be 
directly interpreted and compared with available biological 
knowledge and providing useful information for the biologist 
and clinicians. 
According to Quinlan, the learning algorithm applies a divide-
and-conquer strategy to construct the tree. The sets of instances 
are associated by a set of properties (attributes). A decision tree 
comprises of node and leaves where nodes represent a test on 
the values of an attribute and leaves represent the class of an 
instance that satisfies the tests [9]. The outcome is ‘yes’ or ‘no’ 
decision. Rules can be derived from the path from the root to a 
leaf and utilizing the nodes along the way as preconditions for 
the rule, to predict the class at the leaf. Pruning is necessary 
to remove unnecessary preconditions and duplications. Fig. 
1 show the decision tree induced from colon tumor data and 
also the corresponding decision rule.

Fig. 1:(A) A decision tree induced from the colon tumor dataset 
Thenodes represent genes, and branches represent the 
expression conditions. Theleaves of the tree represent the 
decision outcome (in this case either ‘is a tumor tissue’ or ‘is 
a normal tissue’). The brace under a leaf denotes thenumber 
of instances correctly and incorrectly classified by the leaf (TP/

FP). (B). The equivalent decision rules are derived from the 
decision trees.

A. Gain Criterion
Suppose a possible test with n outcomes that partitions the 
set T of training cases into subsets T1,T2,…,Tn  [8]. The only 
information available for guidance is the distribution of classes 
in T and its subsets, if this test is to be evaluated without 
exploring subsequent divisions of the Ti’s. Some notation may 
be useful. For any set of cases S , let freq(Cj,S) represent for 
the number of cases in S that belong to class Cj. |S| denotes 
the numbers of cases in set S. 
The original ID3 used criterion called Gain [8]. It is defined by 
imagining and selecting one case at random from a set S of 
cases and announcing that it belongs to some class Cj. This 
message has probability

And so the information it conveys is

On summing over the classes in proportion to their frequencies 
in S, providing

On applying to the set of training cases, info (T) measures the 
average amount of information required to identify the class 
of a case in T. The expected information requirement can be 
establish as the weighted sum over the subsets, as

The quantity

VI. Comparison of K-Means based Algorithms  &  See5 
Algorithms
In this paper [1] we used dataset to make a comparison study 
between k-means and See5 algorithms. The Colon dataset is 
a collection of gene expression measurements from 62 Colon 
biopsy samples from colon-cancer patients reported by Alon. 
Among them, 40 tumor biopsies are from tumors (labeled as 
“negative”) and 22 normal (labeled as “positive”) biopsies are 
from healthy parts of the colons of the same patients. Two 
thousand out of around 6500 genes were selected.
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Fig. 2: Graphical representation of Colon dataset

The analysis of different variants of algorithm is done with the 
help of colon dataset. Variants of algorithm used in this study 
are k-means, global k-means, k-means++ and See5. In this 
case the see5 algorithms average accuracy is comparatively 
better than the k-means, global k-means and k-means++.  
The result of Average accuracy rate for over 2000-gene colon 
dataset are shown in below fig. 3.  

Fig. 3: Comparison of Accurate Accuracy of K-means based 
algorithm and See5

VII. Conclusion
Limitations in each algorithm are taken into consideration and 
see 5 is showing the optimized results. In clustering highly 
relevant objects needed to be grouped then our system is 
said to be working well. Taking the colon cancer dataset and 
thrown the algorithm it is clearly notable that see5 is having the 
higher accuracy on comparison with the number of clusters. 
Accuracy plays a vital ingredient for the gathering information 
from dataset. It is achievable through traversing various 
algorithms.
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