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Abstract 

The major issue in Knowledge Discovery and Databases (KDD) is dealing with real valued functions. In data mining, the continuous variable 
brings confusion in determining the accuracy of the model. To solve this problem, the supervised preprocessing Algorithm called Discretization-
Supervised Area Under ROC Curve Enhancing Algorithm (D-SAUCE) is presented. The preprocessing method proposed is entropy and class 
label based algorithm that discretizes the continuous values with maximum interval. Thus it can be applied in any high dimensional dataset. Here, 
D-SAUCE is applied on diabetes dataset in the UCI Machine Learning repository. The performance evaluation metrics used is AUC and the 
metric proved that D-SAUCE achieves predictive performance much better than the existing system. It can produce a perfect classifier when used 
along with supervised learning rules 

Key Words: AUC, Continuous attributes, Discretization, KDD and Preprocessing. 
 

1. Introduction 
 

Data mining is the science and technology of exploring data in order to extract useful information from the data 
warehouses. In selecting the valid information out of high dimensional dataset, preprocessing plays a vital role. Data preprocessing 
is a technique that can remove all noisy and irrelevant data. The preprocessing used here is a discretization technique that converts 
continuous instances into discrete instances. Discretization algorithms can be categorized into supervised and unsupervised. 
Discretization that are based on the class labels are called as Supervised Discretion and those that do not depend on class labels are 
called Unsupervised Discretization. Some of the examples for Supervised Discretization are Statistics based and Entropy based 
Discretization and for unsupervised discretization are equal width, equal frequency and Maximum Difference which never 
considers the class labels.  

The algorithm proposed is supervised discretization technique that depends on Receiver Operating Characteristic (ROC) 
and enhances the Area Under ROC Curve (AUC). This is why it is known as D-SAUCE. D-SAUCE can overcome binary 
classification problem.  
The main qualities of D-SAUCE algorithm are  
1. D-SAUCE provides high AUC values.  
2. It is easy to construct the algorithm.  
3. This instance selector works faster.  
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In the next section, existing system is given and then in third section, the backgrounds of the algorithm are analyzed. 
Section 4 gives the elaborate view about the Algorithm.  Section 5 explains the experimental setup and comparative analysis of D-
SAUCE Algorithm. In Section 6, related works on preprocessing methods are studied. Section 7 concludes the D-SAUCE paper. 
 
2. Existing System 
 

The idea for the proposed system is the RIMARC [13]. The dataset taken [12] has many missing values and while 
implementing whole dataset is processed. After implementing the RIMARC algorithm, the AUC of the algorithm is analyzed as 
0.788. In RIMARC, information gain is never considered. So in the proposed system using entropy, the information rich instances 
are taken and processed.  Thus the Area Under ROC Curve is improved by applying entropy as an additional preprocessing step. 
The same score is used for both the MAD2C and D-SAUCE and it is shown that the D-SAUCE can provide enhanced AUC value 
on same dataset. The output for RIMARC is given in figure 1.  
 

 
 

Fig 1.Output for RIMARC 
 

3. Proposed System 
 
3.1 Preprocessing 
 

Discretization is the preprocessing method used. It is the process of transforming a continuous-valued variable into a discrete 
one by creating a set of contiguous intervals (or equivalently a set of cut points) that spans the range of the variable’s values. In 
order to get a single confusion matrix and the curve, the continuous input should be discretized. Many machine learning algorithms 
are known to produce better models by discretizing continuous attributes. Discretization technique is classified into two types. 
They are univariate and multivariate. Discretizing one continuous attribute at a time is univariate and more than one continuous 
attributes at a time is said to be multivariate.  

In this paper univariate discretization called Discretization-Supervised Area Under ROC Curve Enhancing Algorithm (D-
SAUCE) is applied. D-SAUCE method consists of four steps. 
1. Sort the features 
2. Calculate Entropy and find the more informative instances 
3. Find the ROC points 
4. Convex hull formation 
 
3.2 Entropy 
 

The first step is sorting the instances with relevant value. This can be achieved by any sorting algorithm. But finding the 
relevant values is to eliminate the missing value’s negative instances. After that the most informative instances should be acquired, 
this can be done by the measure called Entropy which was introduced by Claude Shannon. It is also known as Shannon entropy. 
Entropy finds the uncertainty of the available variable. It makes use of class distribution information in its calculation and using 
the occurrence of its information the split points are analyzed. As said, for a given value X with n outcomes {x1,...,xn}, the entropy, 
a measure of uncertainty is denoted by Ent(X) is defined as 
 

Ent(X)=∑ �����
�
��	 
�������                         (1) 

 
where p(xi) is the probability mass function of outcome xi. The probability mass function uses the class labels. 

 



IJRIT International Journal of Research in Information Technology, Volume 2, Issue 4, April 2014, Pg: 445- 452 
 

 

     Ms G.Devika, IJRIT  447 

 

P(xi) = 
����������	�����	�����

���	��	�����	������
                                  (2) 

 
 The entropy for all the feature is calculated using the above mentioned formula and then threshold (�) for each attribute is 

determined by the average of the information gain of all features. The instances that have entropy value greater than threshold are 
chosen for next phase.   
 
3.3 ROC Curve 
 

The receiver operating characteristic (ROC) is a 2D graph with false positive and true positive on x and y coordinates. ROC is 
approved to be a main performance evaluation tool for classifier as it will never consider the unbalanced dataset and 
misclassification cost. Given a two-class classifier and an instance there are four possible outcomes. If the instance and the 
prediction is  positive then it called true positive and if the prediction is negative, it is called a false negative. If the tuple and the 
predicted is negative, it is called a true negative else false positive. Given a classifier and set of data, a 2 × 2 matrix, called a 
confusion matrix, can be constructed that displays the distribution of outcomes as shown in Figure 2 
 
       Class 
 
                                
    

 
 

 

 

 

 

Fig 2. Confusion matrix 

 

fprate =FP / all N                                                        (3) 

tprate	= TP / all P                                                         (4) 

In ROC Curve, Classifiers that produce a discrete output represented by only one point in the ROC space, since only one 
confusion matrix is produce from their classification output.  

3.4 Convex Hull 

The convex hull is a mathematical concept which wraps all the instances lying on different input space. It is also known as 
convex envelope as it binds all the data points with minimum interval and reduction in the dataset. Here the cut points are analyzed 
by using the convex hull. There are many types of convex hull algorithms such as Jarvis march, Graham scan and Quick hull. In 
this paper, Quick hull is chosen as the running time is less than the other algorithms. The running time of quick hull is O(nlog(h)). 
In the worst case, the time complexity is O(n2).  

Leaving out recursive call, the running time of quick hull is O(n).Thus the algorithm works faster. 

3.5 Area Under Roc Curve 

Before performing the AUC, score should be calculated. It is taken from [13] 
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The AUC of a classifier is the probability that it will rank a randomly chosen positive tuples higher than a randomly chosen 
negative tuple. In this method, data values belong to any one of two classes, usually given as positive and negative. The highest 
possible AUC value is 1.0, which represents the realistic classification. In ROC graphs a 0.5 AUC value means random guessing 
has occurred and values below 0.5 are not realistic as they can be produce worst classifier based on some unrealistic assumptions. 

The AUC is calculated using Wilcoxon- Mann- Whitney statistics that is given below[7] 

AUC=(∑ ∑ �f�s%�, s�'���/�P ∗ N�,
'�	

-
��	  

f  = 

1 if	s%� 0	s�'	

0 if	s%� 2	 s�'
0.5 if	s%� = 	 s�'

                                      (5) 

where  sp denotes the P labeled instances and sn denotes the N labeled instances. The spi is the scoring of the ith instances 
in the sp and snj is the jth instances in the sn. The numerator part will be executed for each P over N and choose positive instances 
higher than negative instance. The denominator part is the product of the number of P and N labeled instances. The reason for 
choosing AUC over accuracy as an evaluation metric is due to the advantage of ROC curve. The AUC increases the positivity. To 
calculate the AUC, some measure is used before computing AUC, the measure should increase positive and so number of p’s to 
that of sum of the p’s and n’s is taken as measure which is similar to Probability function.  

4 D-Sauce Algorithm 

In D-SAUCE Algorithm, all the real valued features are categorized. The cut points are identified by the convex hull and a 
wide interval is obtained and the values are class dependent. Since the D-SAUCE always has convex combination, it results wide 
interval and maximum AUC. 

 

Fig 3. D-SAUCE ALGORITHM 

Sub Functions: 
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Fig 4. ROC Point(a) 

 

 

Fig 5.  ConvexHull(rocpt) 

Evaluation Metrics 

 
 

Fig 6.  AUC snippet 
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In Figure 3, the complete   D-SAUCE algorithm is explained and then the sub functions in the algorithms are given in figure 4 
and 5. The evaluation metrics is given in Figure 6. 

5 Experimental Setup 
 
The assessment of the proposed D-SAUCE algorithm for the discrimination of diabetes is conducted. A comparative analysis 

of the performance of our method with other methods in WEKA is given.  
 
 
5.1. System Design 

The diagram below shows the working of D-SAUCE Algorithm. The complete sequence of implementation is given 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig 7. System Design of D-SAUCE 

5.2 Performance Evaluation 
 

The evaluation metrics for any ranking function is AUC (Area Under ROC Curve). Based on the implementation, it is shown 
that the AUC for D-SAUCE is 0.8. The estimated AUC value is greater than 0.5 and so D-SAUCE algorithm is proved to be the 
best realistic model. The comparative analysis is given in Table 1. 
 

Table 1. Comparison analysis of RIMARC 
 

S.No 
 
 

WEKA Machine Learning 
Algorithms 

AUC 

1  
 

D-SAUCE 0.913 

2 
 

RIMARC 0.788 

3 
 

J48 0.751 

Dataset 

Sort the features 
and eliminate 

irrelevant instances 

Entropy based 
Discretization 
If(Entropy > δ) 

ROC Point(FPR,TPR) 

Convex hull formation 

DISCRETIZATION 

Score the features 

If(AUC> 0.5) 

Realistic 
Model 

YES 

Unrealistic 
Model 

   NO 
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4 
 

Complement Naive Bayes 0.560 

5 
 

RBF 0.789 

6 
 

Decision stump 0.715 

7 
 

CART 0.739 

8 
 

One R 0.710 

 
 

5.3 Dataset 
 
The dataset taken is a two class labeled instances which is known as Pima Indian diabetes dataset[12]. Pima Indians are a 

group of American Indians who live today in the Gila River Indian Community. The Pima Indians are giving a great gift to the 
world by continuing to volunteer for research studies.  

Pima Indian dataset consist of all Pima Indian heritage female patients suffering from diabetes. There are 768 instances and 8 
features in the dataset. These instances are associated with classification. This dataset is collected from UCI repository. It consist 
of missing attributes.  

The running time of the algorithm is based on the sorting , convex hull chosen out of various sort(bubble, quick sort, selection, 
etc..;) and convex hull(graham scan, Jarvis march, Quick hull etc..;). The package is implemented in Java . In implementation part 
Quick hull is used.  

 
 
5.4 Outputs 
D-SAUCE AUC 
 

 
 

Figure 8. Output for D-SAUCE 
 
6 Related Works 

 
The source for the discretization ideology was the challenge in learning the real valued attributes in binary classification problem. 
The various classification algorithms are studied, their impacts are analyzed. As most of the classification algorithm results in 
misclassification, the desirable factor is to order rather than classify instances [1].These algorithm can be improved by providing 
discretization as the preprocessing. The discretization algorithm which enhance the area under ROC Curve in binary classification 
is studied using the MAD2C algorithm[2]. MAD2C is the combination of ROC and convex hull that is used to eliminate the real 
valued functions. In [3], the importance of discretization in classification rules is portrayed. Here the unsupervised discretization 
method binning is compared with the supervised discretization method entropy based and purity based algorithm. It is also proved 
that if the instances are discretized then it can produce a better classifier.  The entropy based discretization method with minimum 
Description length principle is described in detail with its proof in [4]. Then in [5], three entropy based discretization algorithms 
are compared i.e.(binary recursive , non-recursive with information gain and non-recursive with entropy and class distribution) and 
finally the class distribution algorithm works better than the other. Tom Fawcett explored a detailed survey on ROC (Receiver 
Operating Characteristic ), the paper also presented the metrics  that are used in the evaluation criteria and the algorithm for 
ROC[6]. The formula given for calculating the AUC is taken from [7]. Wilcoxon- Mann- Whitney statistic is the AUC formula 
used in WEKA machine learning tool and so it is chosen for this paper. A.P.Bradley verified the AUC over accuracy with six 
algorithms on six datasets in [8] and proved that AUC is the best criterion or evaluation measure for any classifier. The 
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combination of information gain and class distribution interdependency results in an algorithm, Discretization using Class 
information to Reduce the number of Intervals (DCR)[9] . The algorithm for Quick hull is given in [10,11]. The proof for the 
running time of Quick hull is also presented in [11] paper. 
 
7 Conclusion 

 
In this paper, a class based algorithm that discretizes the real valued instances called D-SAUCE is presented. It is shown that by 
discretizing the features using Entropy, ROC points and then finding convex hull (D-SAUCE) can maximize the AUC value. It is 
robust as information gain is considered for each instance. With this simple heuristic, the AUC can be maximized. Since the D-
SAUCE algorithm uses all available features it is considered to be robust. The efficiency of discretization method can be improved 
by applying best sorting and convex hull algorithm.  
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