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Abstract  
 

Classification is a learning function that maps a 

given data item into one of several predefined 

classes. It is a data analysis technique that extracts 

models describing important data classes and 

predicts future values. Basically, classification 

techniques have better capability to handle a wider 

variety of datasets than regression. It can also be 

described as a supervised learning algorithm in the 

machine learning process. Support Vector Machine 

(SVM) is an emerging classifier based on supervised 

machine learning approach. It is originally used to 

symbolize popular and modern classifiers that have 

a well-defined theoretical foundation to provide 

some enviable performances [1]. In this paper, an 

admissible kernel function in Banach Space is 

proposed as an optimal kernel function for real time 

applications. The experimental results are carried 

out using benchmark binary datasets which are 

taken from UCI Machine Learning Repository and 

their performance are evaluated using various 

measures like support vector, support vector 

percentage, training time and accuracy. 
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1. Introduction 
 

In the last few decades, pattern recognition has 

attracted the attention of many researchers due to its 

rapid growth in various research domains.  Pattern 

recognition is a technique that helps to observe the 

data from different sources, distinguish the patterns 

and make sound decisions about the different groups 

of the patterns. 
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Some of the application areas of pattern recognition 

are image mining, bioinformatics, medical diagnosis, 

drug discovery, natural language processing, GIS and 

many more.  Ever increasing computational resources 

and processing of voluminous data have enabled the 

research on pattern recognition by providing 

innovative theories and methodologies.  Data that are 

given as an input to the pattern classification is 

splitted into two types of datasets i.e. training dataset 

and testing dataset. Pattern classification [2] 

technique first takes the training dataset as an input to 

train the system and then the effectiveness of the 

system is tested by presenting the test data to it. The 

paper is organized as follows. Section 2 and 3 

explains the binary classification and kernel functions 

in SVM. Section 4 discusses the experimental results 

and Section 5 concludes the work. 

 

2. Binary Classification [3] 

 

Consider the problem of separating the set of training 

vectors belong to binary class or dichotomization (xi, 

yi), i = 1,…. l, xi   R
n
, yi   {+1, −1}, where R

n
 is an 

input space, xi is the feature vector and yi is the class 

label of xi. The separating hyperplanes are linear 

discriminating functions which is given by the 

equation  

                  
bxwxf T )(                    (1) 

where w is a weight vector and b is a bias value. One 

of the hyperplanes that maximizes the margin 

2

2

w

is named as an optimal separating 

hyperplane.  

 

An optimal separating hyperplane [4] can be given by 

the following equation 
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subject to 

0,,...,1,0   T

i yliC , 

where e is a vector of all ones, C is the penalty 

parameter which is positive,Qij is yiyj ji xx ,  

and i is the relaxation parameter. Thus, α and b 

are obtained to classify the decision function and it is 

given by the equation 
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Most optimization problems involve the terms that 

are unknown and are not directly obtainable from the 

training dataset and they are not easy to estimate, 

e.g., ξi in the above equation. Hence, it is useful to 

formulate an equivalent optimization problem that 

has the same solution as an original one, but it does 

not involve any other information than the training 

data samples. This includes the use of the Karush-

Kuhn-Tucker conditions. 

 

3. Kernel Function 
 

From the empirical analysis, the two kernel functions 

that have given better results for the datasets when 

compared to other kernels are selected to construct a 

hybrid kernel. The chosen kernel functions from the 

experimental analysis are radial basis kernel and 

polynomial kernel. Therefore, a kernel function is 

designed by hybridizing the translation invariant and 

rotation invariant kernels i.e. RBF and Polynomial. 

The hybrid kernel is given by the following equation 

      21 )1(),( KKyxK  
               

(4)
 

where K1 is RBF kernel , K2 is polynomial kernel and  

λ is a box constraint that control and balance these 

two kernels. 

 

From an extensive analysis [5], admissible kernel 

functions in Banach space are designed either based 

on exponential distribution or Brownian bridge 

distribution. But, these distributions have been 

devoted to the class of processes with stochastic 

integrals, geometry of Banach space, stationary 

processes and independent increments called as Lévy 

processes [6, 7]. Lévy process is an origin of the 

mainly used distributions in Banach space since lévy 

is strongly interrelated with Banach space geometry 

e.g. Brownian process and Poisson process. Thus, a 

novel kernel is constructed in RKBS using lévy 

distribution [8]. Novel kernel function using lévy 

distribution is defined by the following equation  
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where C is regularization parameter and s,t Є R. 

 

Table 1: Binary Datasets from UCI Machine 

Learning Repository  

 

Data Sets Instances Attribute 

Iris 150 4 

Liver 345 7 

Heart 270 13 

Diabetes 768 8 

Breast Cancer 699 10 

Hepatitis 155 19 

Ripley 1000 2 

 

4. Experimental Results  
 

The experimentation for binary using kernel 

functions are carried out using MATLAB and C.  The 

binary class datasets are taken from the UCI machine 

learning repository which is given in Table 1. Before 

applying the classification process, the actual datasets 

are preprocessed and its dimensionality is reduced. 

Here, the proposed and hybrid kernel functions are 

evaluated using the performance metrics like number 

of Support Vectors (SV), support vector percentage, 

training error, classification error and time. They are 

given by the following equations  

 

Number of Support Vectors 

         Vectors xi for which yi(w•xi+b)=1,                (6) 

 

Support Vector Percentage  
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Training Error   
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Testing Error  

                
))](ˆ,([ xfyLEErr 

                 
(9) 

Accuracy  

       samples ofnumber  Total 

 samples classifiedcorrectly  ofnumber  Total    
Accuracy 

      

(10) 

 

where x is an input data,  y is the class label, w is 

weight vector, b is bias value,  )(ˆ xf is predicted 
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class label, N is number of samples, L is loss 

function to estimate an error.  

 

Classification time and computational complexity for 

the SVM binary classifier depend on the number of 

support vectors required for the classification 

process. As the number of support vector increases, it 

leads to increase in computational requirements such 

as addition, multiplication and floating point. In 

SVM, for binary the required memory to store the 

support vectors is directly proportional to the number 

of support vectors. Hence, the number of support 

vectors must be reduced to speed up the classification 

and to minimize the computational and hardware 

resources required for the classification process. 

 

Table 2: Performance of Kernel Functions for 

Binary Class datasets 

 

 

Here, the proposed kernel function and hybrid kernel 

function are executed with binary benchmark 

datasets. To overcome the demerits of predefined 

kernel functions in Hilbert space, a hybrid kernel 

function in Hilbert space is designed. But from the 

observed results, it is evident that there are some 

limitations in Hilbert space. So, the motivation for 

constructing a novel and admissible kernel functions 

in Banach space has emerged.  

 

Table 3: Percentage of Accuracy and Support 

Vectors for Binary datasets  

 

Datasets 

Proposed Kernel Hybrid  Kernel 

SV 

% 
Accu Time SV% Accu Time 

Iris 48.3 91 0.21 66.7 86 0.352 

Liver 50 75 0.01 56.5 63 0.462 

Heart 45.6 68 0.06 64.3 52 1.953 

Diabetes 35.9 82 0.32 52.6 76.4 2.56 

Cancer 75.2 70.5 0.48 90.23 65 1.56 

Hepatitis 46.7 86.9 1.059 69.7 79.3 1.35 

Ripley 55.5 90 1.54 76.38 80.3 2.04 

Average 51.02 80.48  68.05 71.71  

The experimental results of the proposed kernel 

function and hybrid kernel function for binary 

datasets are depicted in the Tables 2 and 3. In the 

Tables 2 and 3, the performance of proposed and 

hybrid kernel function are compared with the 

performance metrics like training error, classification 

error, number of support vectors, support vector 

percentage  and time. From the empirical analysis, it 

is examined that the proposed kernel function gives a 

comparatively better performance than the hybrid 

kernel for the binary datasets by reducing the support 

vectors and error rate of the classification process. 

 

 
 

Figure 1: Overall percentage of Accuracy and 

Support Vectors for Binary Class datasets 

 

The overall accuracy and support vector percentage 

of the proposed kernel function are 80.48% and 

51.02%, which are depicted in the figure 1. From the 

experimental results, it is observed that the overall 

accuracy is improved by 8.77 % and at the same time 

the support vector percentage is reduced by 17 %. 

This shows that the proposed admissible kernel 

function in SVM is an optimal and feasible classifier 

for binary class datasets. 

 

5. Conclusion 
 

From the above analysis of binary datasets, it is 

proposed that admissible kernel function derived 

from RKBS can find numerous applications in 

practice. It works as an efficient classifier in 

comparison with standard kernel classifier and it has 

given high accuracy. In the proposed kernel function, 

the parameters can be easily modified for different 

domains and data can be classified with low 

execution time. 

Datasets 
Proposed Kernel Hybrid  Kernel 

SV TR TE SV TR TE 

Iris 29 0.156 0.09 40 0.289 0.14 

Liver 54 0.181 0.25 61 0.375 0.37 

Heart 60 2.62 0.32 75 1.226 0.48 

Diabetes 58 1.96 0.18 65 2.932 0.236 

Cancer 71 1.25 0.295 82 0.5 0.35 

Hepatitis 25 2.014 0.131 39 2.541 0.207 

Ripley 86 1.521 0.1 110 0.125 0.197 
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