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ABSTRACT 

In knowledge discovery process, classification is an important technique of data mining and widely used in 

various fields. The development of data-mining applications such as classification and clustering has shown the 

need for machine learning algorithms to be applied to large scale data. The aim of this paper is to investigate the 

performance of different classification methods for diabetic medical dataset.  The performance of C4.5, Naïve 

Bayes, SVM and Multilayer Perceptron   algorithms are evaluated based on Accuracy, Sensitivity, Specificity 

and Error rate.  
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I. INTRODUCTION 

Data mining is the extraction of hidden predictive information from large databases [1]. It uses well established 

statistical and machine learning techniques to build models that predict some behavior of the data. Data mining 

tasks can be classified into two categories: Descriptive and predictive data mining. Descriptive data mining 

provides information to understand what is happening inside the data without a predetermined idea. Predictive 

data mining allows the user to submit records with unknown field values, and the system will guess the 

unknown values based on previous patterns discovered from the database.  

 
Data mining models can be categorized according to the tasks they perform:  

1. Classification and Prediction  

2. Clustering  

3. Association Rules  

 

Classification and prediction is a predictive model, but clustering and association rules are descriptive 

models.Classification and prediction are two forms of data analysis that can be used to extract models describing 

important data classes or to predict future data trends. Classification is the task of examining the features of a 

newly presented object and assigning it to one of a predefined set of classes. Prediction is the construction and 

use of a model to assess the class of an unlabeled object or to assess the value or value ranges of a given object 

is likely to have [3, 4]. The most popular classification and prediction methods are  

 
1. Decision Trees 

2. Rule based  

3. Bayesian  

4. Support Vector Machines 

5. Artificial Neural Network 

6. Ensemble methods 

7. Lazy Learners 

 

Decision tree induction is the learning of a decision tree from class-labeled training tuples. 

A rule based classifier is a technique for classifying records using a collection of “if … then” rules. 

Bayesian classifiers are statistical classifiers and are based on Bayes theorem 
Support Vector Machines has its roots in statistical learning theory and has shown promising empirical results in 

many applications. 

An Artificial Neural Network is a computational model based on biological neural networks. 

An Ensemble method constructs a set of base classifiers from training data and performs classification by taking 

a vote on the predictions made by each base classifier. 

Lazy learning is a learning method where the system tries to generalize the training data before receiving 

queries. 

 

The main objective of this paper is to analyze C4.5, Naïve Bayes, SVM and Multilayer Perceptron algorithms 

on the data set “Diabetes” obtained from the UCI Machine Learning Repository based on Accuracy, Sensitivity, 

Specificity and Error rate. These algorithms are among the top 10 algorithms in data mining [14]. 
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II. CLASSIFICATION ALGORITHMS 

Classification is a process of finding a model that describes and distinguishes data classes or concepts, for the 

purpose of being able to use the model to predict the class of objects whose class label is 

unknown[2].Classification algorithms have a wide range of applications like churn pre-diction, fraud detection, 

artificial intelligence, and credit card rating etc. 

 

The C4.5, Naïve Bayes,SVM and Multilayer Perceptronalgorithms are discussed below.  

A) C4.5 Algorithm 

C4.5 is a popular and powerful decision tree classification algorithm used to generate a decision treedeveloped 

by Ross Quinlan. It is a successor of ID3. It constructs the decision tree with a ‘divide and conquer’ strategy. It 

eliminates the problem of unavailable values, continuous attributes value ranges, pruning of decision trees and 

rule derivation. In C4.5, each node in a tree is associated with a set of cases. Also these cases are assigned 

weights to take into account unknown attribute values. At the beginning, only the root is present and it is 

associated with the whole training set, and all the weights are equal to one. At each node the divide and conquer 

algorithm is executed, trying to exploit the locally best choice with no backtracking allowed. In  building a 
decision tree, it is dealt  with training set that have records with unknown attributes by considering only those 

records where those attribute values are available. The records that have unknown attribute values are classified 

by estimating the probability of the various possible results. C4.5 produces tree with variable branches per node. 

When a discrete variable is chosen as the splitting attribute in C4.5 there will be one branch for each value of 

attributes [5, 9]. 

B) Naïve Bayes Algorithm 

The Naïve Bayes classifier produce probability estimates rather than predictions. For each class value they 

estimate the probability that a given instance belongs to that class.The advantage of the Naive Bayes classifier is 

that it only requires a small amount of training data to estimate the parameters necessary for classification. It 

assumes that the effect of an attribute value on a given class is independent of the values of the other attributes. 

This assumption is called class conditional independence [2]. 

 
The Naïve Bayesian classifier [2] works as follows: 

 

1. Each data sample is represented by ann-dimensional feature  

vector,  depicting n measurements made on the sample from n attributes respectively A1,A2, 
… An.  

 

2. Suppose that there are m classes, C1, C2, … Cm. Given an unknown data sample, X, the classifier will predict 

that X belongs to the class having the highest posterior probability, conditioned on X. That is, the Naïve 

Bayesian classifier assigns an unknown sample X to the class Ci if and only if: 

 P(Ci| X) > P(Cj| X) for 1 ≤ j ≤ m , j ≠ i 

  

Thus P(Ci| X) is maximized. The class Ci for which P(Ci| X) is maximized is called the maximum posteriori 
hypothesis. 

  

 
 

3. As P(X) is constant for all classes, only need to be maximized. If the class prior probabilities 
are not known, then it is commonly assumed that the classes are equally likely i.e. P(C1) = P(C2)= … =P(Ci) 

Note that the class prior probabilities may be estimated by 

   

Where si is the number of training samples of class  and s is the total number of training samples. 
 

4. Given data sets with many attributes, it would be extremely computationally expensive to compute . 

In order to reduce computation in evaluating the naïve assumption of class conditional independence is 
made. This presumes that the values of the attributes are conditionally independent of one another, given the 

class label of the sample, ie., that there are no dependence relationships among the attributes. Thus 
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The probabilities , , …, , can be estimated from the training samples   refers to the 
value of attribute Ak for sample X which may be categorical or continuous valued. 

 

5. In order to classify an unknown sample X, is evaluated for each class . Sample X is then 

assigned to the class  if and only if 

  for 1 ≤  j ≤ m, j ≠ i 

In other words, it is assigned to the class , for which  

C) SVM (Support Vector Machine) Algorithm 

This algorithm is introduced by Vapnik et al. [11], is a very powerful method that has been applied in a wide 
variety of applications. The basic concept in SVM is the hyper plane classifier, or linear separability. To achieve 

linear separability, SVM applies two basic ideas: margin maximization and kernels, that is, mapping input space 

to a higher-dimension space, feature space.  

SVM is an algorithm with strong regularization properties, that is, the optimization procedure maximizes 

predictive accuracy while automatically avoiding over-fitting of the training data. Neural networks and radial 

basis functions, both popular data mining techniques, have the same functional form as SVM models; however, 

neither of these algorithms has the well-founded theoretical approach to regularization that forms the basis of 

SVM. 

SVM projects the input data into a kernel space. Then it builds a linear model in this kernel space. A 

classification SVM model attempts to separate the target classes with the widest possible margin. A regression 

SVM model tries to find a continuous function such that maximum number of data points lie within an epsilon-
wide tube around it. Different types of kernels and different kernel parameter choices can produce a variety of 

decision boundaries (classification) or function approximators (regression).  

D) Multi-layer Perceptron(MLP) Algorithm 

Multi-layer Perceptron (MLP) is a supervised learning algorithm that learns a function by 

training on a dataset, where is the number of dimensions for input and is the number of dimensions for 

output. Given a set of features and a target , it can learn a non-linear function 
approximation for either classification or regression. It is different from logistic regression, in that between the 

input and the output layer; there can be one or more non-linear layers, called hidden layers. Figure 1 shows a 

one hidden layer MLP with scalar output. 

 
 

Figure 1: One hidden layer MLP. 

The leftmost layer, known as the input layer, consists of a set of neurons representing 

the input features. Each neuron in the hidden layer transforms the values from the previous layer with a 

weighted linear summation , followed by a non-linear activation function 

- like the hyperbolic tan function. The output layer receives the values from the last hidden 
layer and transforms them into output values.The Multi-layer Perceptron has the capability to learn non-linear 

models and models in real-time (on-line learning) using partial_fit. 

III. PERFORMANCE EVALUATION 

Classifier performance depends on the characteristics of the data to be classified. In this paper, k-fold cross 

validation is used for evaluating the classifiers. 
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In k-fold cross validation, the initial data are randomly partitioned into k mutually exclusive subset or folds 

d1,d2,…,dk, each approximately equal in size. The training and testing is performed k times. In the first iteration, 

subsets d2, …, dk collectively serve as the training set inorder to obtain a first model, which is tested on d1; the 
second iteration is trained in subsets d1, d3,…, dk and tested on d2; and so on[2].  

 

Performance of the selected algorithms is measured for Accuracy, Sensitivity, Specificity and Error rate from 

the confusion matrix obtained. 

 

The Accuracy, Sensitivity, Specificity and Error rate can be defined as follows: 

 

Accuracy = (TP+TN) / (TP + FP + TN + FN) 

Sensitivity = TP/(TP + FN) 

Specificity = TN /(TN + FP) 

Error rate  = (FP+FN) / (TP + FP + TN + FN) 
 

Where  TP is the number of True Positives  

TN is the number of True Negatives 

FP is the number of False Positives 

FN is the number of False Negatives 

IV. EXPERIMENTAL RESULTS 

In this paper, 10-fold cross validation is applied for evaluating the performance of the classifiers. The 

“Diabetes” dataset, which is obtained from the UCI machine learning library [13] is used.Algorithm for attribute 
selection was applied on dataset to preprocess the data. The dataset contains 768  instances, 8 attributes and one 

class label. 

 

Table 1 shows the Accuracy, Sensitivity, Specificityand Error rate of C4.5, Naïve Bayes, SVMand Multi-layer 

Perceptronalgorithms. 

 

Figure2 shows the graphical representation of difference in Accuracy. 

 

Figure3 shows the graphical representation of difference in Sensitivity. 

 

Figure4 shows the graphical representation of difference in Specificity. 
 

Figure5 shows the graphical representation of difference in Error rate.  

 

 Table 1: Comparison of Data Mining Models 

 

Algorithms Accuracy Sensitivity Specificity 
Error 

rate 

C4.5 74.21% 79.02% 63.67% 26.17% 

Naïve 

Bayes 76.3% 80.22% 67.76% 23.69% 

SVM 77.34% 78.49% 73.97% 22.65% 

Multilayer 

Perceptron 62.36% 79.84% 42.85% 24.6% 

Figure 2: Comparison based on Accuracy 
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Figure 3: Comparison graph based on Sensitivity 

 

 

 
 

Figure 4: Comparison graph based on Specificity 
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Figure 5: Comparison graph based on Error rate. 

 

 

 

Theresult shows that out of C4.5, Naïve Bayes, SVM and Multllayer Perceptron algorithms, SVMperforms 

better classification. The error rate of SVM is low and the accuracy, sensitivity is very high compared to the 

other three models.  

V. CONCLUSION  

In this paper, the performance of C4.5, Naïve Bayes, SVM and Multilayer Perceptron were analyzed.  The 

experiments were conducted on the medical dataset “Diabetes” from UCI Machine Learning Repository. The 

Classification Accuracy, Sensitivity, Specificity and Error rate is validated by 10-fold cross validation method. 

The Study shows that Support Vector Machine (SVM) turned out to be a best classifier.  
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