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Abstract—Medical data classification has been a 

popular data mining topic in field of computer science research. 

Especially, diagnosing of the cancer disease is one of the 

important issue and many researchers investigated to develop 

intelligent medical decision support systems to help the 

physicians. The datasets used in this research are real gene 

expression data and gene samples generated using micro-arrays 

technology. These multiclass microarray cancer datasets we 

study are collected from http://www.gems-system.org.  Micro 

array data analysis has been effectively applied in a number of 

investigations over a wide range of biological disciplines. It 

comprises of cancer classification by class detection and 

prediction, recognition of the unknown effects of a specific 

therapy, recognition of genes suitable to a certain diagnosis or 

therapy, and cancer diagnosis.  This research has three phases 

such as preprocessing, gene selection and classification. The 

preprocessing is done by using Independent Component Analysis 

(ICA) to remove the noise features from the specified dataset.  

The reduction of preprocessed dataset is given to the Feature 

Selection (FS) step. In the FS step, the important and relevant 

features are selected HPSOGA(Hybrid Particle Swarm 

Optimization Genetic Algorithm) optimally. It is used to select 

most informative genes from the given gene array dataset. These 

gene features are classified with the hybrid classification method 

which utilizes ITSVM (Improved Transductive Support Vector 

Machine) classifier. The ITSVM classification method is used to 

provide more accurate classification result by significant training 

features. The result proves that the proposed HPSOGA-ITSVM 

method has better performance in terms of higher classification 

accuracy, precision, recall, f-measure and lower time complexity 

and error rate.  

Key words -Gene selection, microarray data, ICA, HPSOGA, 

ITSVM, cancer classification 

INTRODUCTION 

The rapid technological development in the field of 

genomics has created an unprecedented situation in biology. 

This is mainly due to the presence of a large volume of genes 

with no clear sequence homology with previously 

characterized genes; understanding how these genes act in 

driving the physiology is a major challenge in the upcoming 

years, especially while handling data analysis, statistical 
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modelling and interpretation of results. High-density macro 

and micro arrays have acquired a special role in this 

challenging field, as these consist of an ordered collection of 

thousands of different DNA sequences that can be measured 

by DNA and RNA variations [1]. 

Gene Expression (GE) profiling helps in 

understanding the fundamental cause of gene behaviour, and 

the growth of genes, and to identify new ailments such as 

cancer, and also to analyze their molecular pharmacology. The 

main objective of the gene expression analysis is to 

comprehend the processes of regulatory networks, and the 

pathways that are restricted during inter-cellular and intra-

cellular activities [2].Data mining tools perform data analysis 

and may uncover important data patterns, contributing greatly 

to business strategies, knowledge bases, and scientific and 

medical research. Data mining is the process of discovering 

interesting knowledge from large amounts of data stored 

either in databases, data warehouses, or other information 

repositories. 

The microarray technique in concurrent measurement 

of the expression level in thousands of messenger RNA 

(mRNA) has been enabled. This has become feasible by 

mining the data; it is possible to recognize the dynamics of a 

gene expression time series in this manner. Researchers 

decreased the dimensionality of the data set by employing the 

Principal Component Analysis (PCA). An examination of the 

components has provided an approach to the underlying 

factors calculated in the experiments. The PCA has 

demonstrated that it is proved from their consequences, that 

all rhythmic content of data can be decreased to three main 

components [3]. 

Preprocessing step to tackle microarray data has 

rapidly become indispensable among researchers, not only to 

remove redundant and irrelevant features, but also to help 

biologists identify the underlying mechanism that relates gene 

expression to diseases. The set of techniques used prior to the 

application of a data mining method is named as data 

preprocessing for data mining and it is known to be one of the 

most meaningful issues within the famous knowledge 

discovery from data process [8].  

Some of the classification techniques for gene 

expression data analysis are classification decision tree, k-

nearest neighbor classifier (KNN), support vector machine 

(SVM), neural network etc. Generally, the techniques used for 

the classification of microarray gene expression data are 

divided into two classes: one is based on clustering and the 

other is based on machine-learning approach [9].  

RELATED WORK 

In [7] Stuart et al (2010) presented a back 

propagation algorithm which performs learning on a 

multilayer feed-forward neural network. A multilayer feed-

forward neural network consists of an input layer, one or more 

hidden layers, and an output layer. Back propagation learns by 

iteratively processing a data set of training tuples, comparing 

the network’s prediction for each tuple with the actual known 

target value. The target value may be the known class label of 

the training tuple for the classification problems. 

PROPOSED METHODOLOGY 

Input data 

The datasets are real gene expression data and gene 

samples generated using micro-arrays technology. The results 

of the implementations are compared to the output from the 

classification algorithm. This gene expression data has been 

used to build cancer classifiers. A microarray experiment is to 

monitor the expression level of genes. Patterns could be 

derived from analyzing the change in expression of the genes 

and new insights could be gained into the underlying biology. 

In this section, basic terminologies, representations of the 

microarray data and the various methods by which expression 

data can be analyzed will be introduced.Microarrays 

measurements are carried out as differential hybridizations to 

minimize errors originating from DNA. The overall block 

diagram of the proposed system is shown in fig 1. 

Preprocessing Phase 

Most of the classification methods are based on 

different pre-processing techniques to accomplish the 

desirable quality and functioning. The pre-processing 

techniques add avoiding the repeated and in-appropriate 

features from the datasets. Inappropriate features, along with 

repeated features, badly affect the accuracy of the clustering 

process in understanding the machines datasets. Hence, the 

feature subset selection should be capable of detecting and 

avoiding as much of the inappropriate and repeated 

information as feasible. Further, a good feature subsets has 

features greatly related with the class, yet uncorrelated with 

(not predictive of) one another. The inappropriate feature 

removal is free from ambiguity once the right relevance 

measure is determined or chose, while the repeated feature 

removal is a bit of deceptive [13]Rodriguez-Baena et al., 

(2011).  

Here, Independent Component Analysis (ICA) is 

utilized for eliminating inappropriate features from the 

dataset. In cancer dataset classification applications, it is 

desired that the independent components disclosing something 

concerning of a multi- dimensional data set [16]. 
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Fig. 1 Architecture Diagram of the Proposed System 

Feature selection using HPSOGA  

In this research, gene selection is performed by using 

HPSOGA[17]. It is focused to improve the relevant gene data 

and reduce the irrelevant genes from the given gene dataset.  

The PSO is a computational approach that optimizes 

a problem in continuous, multidimensional search spaces. 

PSO starts with a swarm of random particles. Each particle is 

associated with a velocity. Particles’ velocities are adjusted in 

order to the historical behavior of each particle and its 

neighbors during they fly through the search space. Thus, the 

particles have a tendency to move towards the better search 

space. The version of the utilized PSO algorithm is described 

with their steps[17]. 

Classification algorithm using Improved TSVM (ITSVM) 

TSVMs are basically iterative algorithms that 

gradually search the optimal separating hyperplane in the 

feature space with a transductive process that incorporates 

unlabeled samples in the training phase.  

This procedure improves the generalization 

capability of the classifier. Gradually, the separating 

hyperplane will move to a finer position in subsequent 

iterations. This can be explained by arguing that reducing the 

misclassification of transductive samples can lead to the 

identification of a more reliable discriminant function. The 

convergence of the learning depends on the similarity between 

the problems represented by the training points and unlabeled 

points. In the proposed TSVM, the training phase and testing 

phases are involved.  

The SVM learner aims to build a decision function 

    ̅          based on training set        which is 

             

Where          ̅        ̅           ̅      

The TSVM learning specially includes the 

knowledge of test set     in training procedure[15], thus the 

above learning function Eq.(2) of inductive SVM can be 

reformulated as 

                  

Where          ̅ 
    

     ̅ 
    

        ̅ 
    

   

Therefore, in a linearly separable data case, to find a labeling 

  
    

     
 of the test data, the hyperplane   ̅    should 

separate both training and test data with maximum margin 

Minimize   
    

     
   ̅  :

 

 
 ̅  ̅ 

The computation of    can be traced back to the 

classical Structural Risk Minimization (SRM) approach, 

which determines the classification decision function by 

minimizing the empirical risk, as  

  
 

 
∑    ̅      

 

   

 

Where  and  represent the size of examples and the 

classification decision function, respectively. For TSVM, the 

primary concern is determining an optimal separating hyper-

plane that gives a low generalization error.  

In TSVM, this optimal separating hyperplane is 

determined by giving the largest margin of separation between 

different classes. It bisects the shortest line between the 

convex hulls of the two classes, which is required to satisfy 

the following constrained minimization, as 

A TSVM model can be generated on number of 

genes evaluated in the selected data set from a local problem 

space for a particular new sample. The TSVM allows for an 

individual model generation and it provides more accurate 

classification results for the given dataset. 

Algorithm : ITSVM 

Input: Labeled points: S = [(xj, yj)], j = 1, 2, . . . , l and  

unlabeled points: V = [(xj)], j = l + 1,. . . , n. 

Output: TSVM classifier with original training set and the  

Gene exession dataset 

 

Preprocessing using ICA 

 

Gene selection using HPSOGA 

 Calculate fitness value using best  

 

Generate optimal genes 

 

Classification using ITSVM 

Perform training and testing genes 

 
Classify more relevant genes 

 

Provide accurate classification 

results 
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transductive set. 

Begin 

1. Initialize the working set W
(0) 

= S, previous 

transductive set A
(0) 

t = ∅and specify C   and C  

2. Train SVM classifier with the working set W
(0)

 

3. Obtain the label vector of the unlabeled set V. 

       for i = 1 to T // T is the number of iterations 

4. Select N+ positive transductive samples from the 

upper side of the margin and       N−negative 

transductive samples from the lower side 

respectively. 

5. Select positive candidate set B+ containing N+ 

positive transductive samples and        

negative candidate set B − containing N− 

negative transductive samples respectively. 

6. Update the training set: 

7. Train TSVM classifier with the updated training  

set W(i) 

8. Obtain the label vector of the unlabeled set V 

9. End for 

 End 

 

EXPERIMENTAL RESULT 

In this section, evaluate the overall performance of gene 

selection methods using six popular binary and multiclass 

microarray cancer datasets, which were downloaded from 

http://www.gems-system. org/. These datasets have been 

widely used to benchmark the performance of gene selection 

methods in bioinformatics field. The binary-class microarray 

datasets are colon [11], leukemia [11, 12]. In Table 1, a 

detailed description of these six benchmark microarray gene 

expression datasets with respect to the number of classes, 

number of samples, number of genes, and a brief description 

of each dataset construction.  

Table 1 Gene Datasets 

Dataset No.of 

classes 

No.of 

samples 

Number 

of genes 

Colon [16] 2 62 2000 

Leukemia [17] 2 72 7129 

In this study, the performance of the proposed 

HPSOGA-MANN algorithm is tested by comparing it with 

other standard bioinspired algorithms, including ImRMR-

HCSO, ImRMR-GSO, mRMR-ABC and EPSOFFA-MANN. 

Compare the performance of each gene selection approach 

based on parameters such as classification accuracy, error rate, 

precision, recall, time complexity and the number of 

predictive genes that have been used for cancer classification. 

Classification accuracy is the overall correctness of the 

classifier and is calculated as the sum of correct cancer 

classifications divided by the total number of classifications.  

A. Performance metrics 

1) Accuracy 

Classification accuracy = 
  

 
     

Where N is the total number of the instances in the 

initial microarray dataset and, CC refers to correctly classified 

instances.  

2)  Precision 

Precision is explained as the ratio of the true 

positives contrary to both true positives and false positives 

outcomes for imposition and real features. It is distinct as 

given below 

Precision= 
                                            

                       
 

3)  Recall 

Recall value is calculated on the root of the data 

retrieval at true positive forecast, false negative. Usually it can 

be distinct as 

        
  

     

 

4)  F-measure 

It is a measure of a test's accuracy. It considers both 

the precision p and the recall r of the test to compute the score  

  
                

                
 

5)  Time Complexity 

The algorithm is superior when it provides lower 

time complexity for the given dataset 

6)  Error Rrate 

The system is better when the algorithm provides 

lower error rate   

The comparison results for the binary-class 

microarray datasets in shown in the  Tables 2, 3 and Fig 3, 4, 

5, 6. From these tables and figures, it is clear that proposed 

HPSOGA-MANN algorithm performs better than the 

ImRMR-HCSO with TSVM, ImRMR-GSO with RF SVM, 

mRMR-ABC and EPSOFFA-MANN algorithm in every 

single case (i.e., all datasets using a different number of 

selected genes).  
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Table 2 Comparison between HPSOGA-ITSVM and older 

classifier performance for colon dataset

 

 

Table 3 Comparison between HPSOGA-ITSVM and older 
classifier for leukemia1 dataset 

 

 

 

 

 

Fig. 2 Time complexity results comparison for all given datasets 

 
Fig. 3 Precision results comparison for all given datasets 

 
Fig. 4 Recall results comparison for all given datasets 
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Fig. 5  F-measure results comparison for all given datasets 

 

Fig. 6  Error Rate comparison for all given datasets 

CONCLUSION 

Microarray data can be used in the discovery and prediction of 

cancer classes. Various approaches are used to efficient gene 

selection for producing cancer classification results. In this 

research work, HPSOGA-ITSVM is proposed to improve the 

overall system performance. This research has modules as 

preprocessing, feature selection and classification. The 

preprocessing is used to remove the noise data from the 

dataset. It is done by using ICA algorithm which is used to fill 

the missing values and remove the redundancy values 

effectively. It provides reduction of the dataset which is 

passed to feature selection process. The important and 

relevant genes are selected by using HPSOGA. This 

optimization algorithm generates best fitness function values 

and it is used to provide optimal features. Then the features 

are passed to classification phase. The ITSVM classifier is 

trained and tested using the selected genes and returned the 

classification accuracy. The result proves that the proposed 

system achieves higher classification results. It provides 

higher accuracy rate, precision, recall and f-measure value 

which indicates better cancer classification for the specified 

microarray database. Also it reduces the time complexity and 

error rates significantly. Thus the result concludes that the 

proposed system is better than the existing system 
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