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Abstract: Medical Data Mining is an emerging interest in the field of research.  Medical Data is enormous and 

mining the required knowledge from the data is quite complex and interesting task.  Data Mining is an 

intellectual tool, which is used to mine the required knowledge even from imprecise, uncertainty and noisy 

medical data. Sometimes reducing the unnecessary features will improve the accuracy of data. Many Feature 

Reduction Techniques are available.  Heart disease is a group of condition affecting the structure and functions 

of the heart and has many root causes.  Heart disease is the leading cause of death in all over the world in 

recent years.  Researchers have developed many data mining techniques for diagnosing heart disease. This 

paper proposes an Intelligent Hybrid Quick Reduct Particle Swarm Optimization (IHQRPSO) Algorithm which 

hybrids the features of Particle Swarm Optimization and Quick Reduct Algorithm for Feature Reduction in 

Cardiac Disease Prediction.  The proposed algorithm provided promising results which supports the algorithm 

in Feature Reduction. 
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I. Introduction  

Feature selection is a method of eliminating features with little or no information.  A large number of features 

with high dimension space will be large and unclean and degrade the classification accuracy [5].  In machine 

learning and statistic, the feature selection is considered as a problem of global combinatorial optimization [6].  

Feature Selection techniques has three main advantages when constructing predictive models.  The main 

benefits of the feature selection are that it improves the model interoperability, abridge the training time and 

over fitting which is for enhancing the generalization. A good feature selection mechanism is needed to amplify 

the processing rate with predictive exactitude and avoid incomprehensibility [7].  The problem size and the 

resultant search space for any learning algorithm can be reduced by using the Feature Selection.  In general, two 

important goals of Feature Selection are to minimize the classification error and reduce the number of attributes 

[8].  There are number of Feature Selection algorithms available for Data Mining.  The complicated task is to 

find the suitable algorithm which would select the feature relevant to the task without affecting the quality of the 

result.  The Swarm Intelligent techniques and Rough Set Theory are the techniques that are mostly used for 

Feature reduction.  But PSO is found to be effectual since it computes the individual best of each particle and 

finally compares all the individual particles to get the global best.  It is also palpable that the Redunt feature 

obtained by PSO would not affect the accuracy.  Rough Set also provides certain advantage in Feature reducing 

which does not affect the accuracy of the data set. Changes in the lifestyle, work culture and food habits lead to 

Cardio Vascular Disease (CVD) in developing countries. World Health Organization (WHO) reported that 30% 

of total global death is due to CVD [21, 22].  This estimation was done in 2008.  It is also analyzed that the 

number of CVD Patients will increase from 300 to 600 million by 2020 [3].  By 2030, almost 25 million people 

will die from CVDs, mainly from heart disease and stroke [23].  Medical diagnosis is a process of decision 

making, during which the physician performs diagnosis of the new and unknown case from a set of clinical data 

from clinical experiences.  

This paper is organized as follows: Section II describes about Particle Swarm optimization algorithm with its 

pseudo-code. Section III describes about the Rough Set Theory and Section IV gives details about the literature 

that support PSO and RST in medical data. Section V describes the data set used.  Section VI explains the 

proposed algorithms followed by Results and discussion in Section VII. Section VIII concludes the paper . 

II.  Particle Swarm Optimization  

Particle Swarm Optimization (PSO) is based on the social behaviour associated with bird’s flocking for 

optimization problem.  A social behaviour pattern of organisms that live and interact within large groups is the 

inspiration for PSO [20, 21, 23].  The PSO is easier to lay into operation than Genetic Algorithm.  It is for the 

motivation that PSO doesn’t have mutation or crossover operators and movement of particles is effected by 
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using velocity function [9].  In PSO, each particle adjusts its own flying memory and its companion’s flying 

involvement in order to flying in the search space with velocity.   

The best-fit particle of the entire swarm [10] influences the position of each particle.  Each individual particle i 

 [1… n] where n > 1, has current position in search space xi, a current velocity vi and a personal best position 

Pbest,i where i is the smallest value determined by objective function f.  By using the Pbest,i, the global best 

position Gbest is calculated, which is the buck value obtained by comparing all the Pbest, i. 

 

The Pbest,iis calculated by using the formula  
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The formula used to calculate Global Best Position Gbest is  
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Velocity can be updated by using the formula 
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where vi(t) is the velocity and w, c1 and c2 are user supplied co-efficient.  The r1 and r2 are random values 
x
i(t) is 

the individual best solution, g(t) is the swarm’s global best candidate solution.        ) is known as inertia 

component.  Inertia component value lies between 0.8 and 1.2.  Lower the values of inertia component, it speeds 

up the convergence of swarm to optima.  But higher value encourages the exploration of entire search space.  

c1r1 [(
x
i(t)-xi(t)] is known as cognitive component.   

III. Rough Set Theory  

The concept of Rough Set was first introduced by Z.I. Pawlak in 1982 [10].  Any external parameter is not 

required by Rough Set Theory to analyze and conclude about data set.  It is used to find the indispensable 

features. The discernibility matrix is used to recognize dispensable and indispensable Features [11, 24].  

A. Basics 

Let I=(U,A) be an Information System. Here, U is an non-empty set of objects called universe and A non-empty 

finite set of attributes such that a:U→Va for every a  A. Vais a set of values that attribute a may take. If P⊆A, 

there is an associated equivalence relation: 

  

 

 

The partition of U generated by IND (P) is denoted by U/P.  If (x,y)   IND (P) , then x and y are indiscernible 

by attributes from P.  The equivalence classes of the P-indiscernibility relation are denoted by [x] p. Let X ⊆ U, 

the P-lower Approximation P X and P-upper approximation P X of set X can be defined as: 

 

 

 

 

 

 

 

Let P,Q⊆ A be equivalence relations over U, then the positive, negative and boundary regions can be defined as  

 

 

: 

 

 

 

 

IND (P)-{(x,y)   U x U ⍱a   P, fa (x)= fa(y)} 4 

P X – {x   U|[x]p  ⊆ X} 5 

P X- {x   U|[x]p  ⋂ X ≠   6 

POS P (Q) = 
QUx

U
|

P X 

 

7 

NEG P (Q) = U - 
QUx

U
|

P X 

 

8 



Durairaj.M et al., International Journal of Emerging Technologies in Computational and Applied Sciences, 12(2), March-May 2015, pp. 

163-173 

IJETCAS 15-362; © 2015, IJETCAS All Rights Reserved                                                                                                                Page 165 

 

 

The goal of attribute reduction is to confiscate redundant attributes so that the abridged set provides the same 

superiority of cataloguing as the original. The set of all reducts is defined as: 

 

 

 

 

A dataset may have many attribute reducts. The set of all optimal reducts is: 

 

 

 

 

B.  Quick Reduct Algorithm: 

It calculates the dependency of each attribute, and the best candidate is chosen based on the calculation.  The 

best features are added to the dataset until the dependency of the reduct candidate is equal to the consistency of 

dataset [13].  The below is the pseudo code of the QR Algorithm.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IV. Related Work 

This section consolidates some of the related works on PSO and RST Application for extracting feature from the 

data set using feature selection technique. 

A modified Multi Swarm PSO [8] was applied to crack discrete problems with number of sub swarm and a 

multi swarm scheduler that can scrutinize and control each sub swarm using the rule.  For Feature Selection, 

Improved Feature Selection (IFS) was incorporated with Multi Swarm PSO and Support Vector Machine was 

integrated with F-Score.  Recital of the anticipated method was compared with Standard PSO, Genetic 

Algorithm and Grid search.  The proposed method performs drastically in terms of classification accuracy rate. 

In [9], a feature selection strategy is proposed which was based on rough sets and PSO.  PSORSFS algorithm 

and other feature selection algorithms were implemented using Matlab.  PSO was found to obtain optimal 

solution so quickly.  It was observed that inertia weight and maximum velocity have an imperative brunt in the 

performance of PSO. 

PSO is combined with K-Nearest Neighbor (PSOK-NN) classifier [14] to determine Coronary artery disease by 

using exercise stress testing data.  It was composed of two steps.  At the first step, a particle was generated 

which demonstrates the whole sample optimally in training data for both health and unhealthy patients.  Then 

the class of test sample was determined by using the distance of the test sample generated by utilizing K-Nearest 

Neighbor algorithm.  The accuracy obtained while using PSOK-NN was 92.49%.  

BenxianYue and et. al., [15] explained that PSO can be used as a solution to find the appropriate features by 

using Rough Set Theory.  The proposed method observed the change of positive region as the particles proceed 

through the search space.  The performance of the algorithm is evaluated with Genetic Algorithm.  The fitness 

of each individual is evaluated during search procedure.  When compared with Genetic Algorithm, it is 

perceived that PSO requires shorter time to obtain better results. 

In [8], a hybrid filter-wrapper feature subset selection algorithm based on PSO is presented. Maximum 

relevance minimum redundancy PSO (mr
2
PSO) uses the mutual information available from the filter model to 

weigh the bit selection probabilities in discrete PSO.  This method integrated mutual information filter model 
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Algorithm QR: 

QR (C, D)  

C, the set of all conditional features;  

D, the set of decision features. 

R ← {} 

do 

        T ← R 

⍱x     (C-R) 

if ϓ RU{X} (D) >ϓ T(D) 

                      T ← R ∪ {x} 

        R ←T 

untilϓ R(D) > ϓ C(D) 

return R 
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within the PSO based wrapper model. Mutual dependence of two variables is measured by the quantity called 

mutual information. The mutual information is expressed as a composite measure of feature relevance and 

redundancy. The probability of the features is weighed by using feature relevance and redundancy, which 

enhances the convergence rate and solution quality of feature subset selection. A stratified 10-fold cross 

validation is recommended.  

In [19], it is recommended that hill climbing rough set approach is inadequate to find optimum solution. It is not 

feasible for complete search even in medium-sized data set. The PSO interacts with individuals in the population 

to find the optimal region in complex search space. The main pro of PSO over GA is that it doesn’t require cross 

over or mutation operation and also inexpensive in terms of both memory and run time. Experimental results 

show that PSO is efficient for rough set based feature selection. 

In [13], a computer aided diagnosis system has been introduced for the heart valve disease by using binary PSO 

and Support Vector Machine (SVM) algorithm in conjunction with K-nearest neighbor and leave-one-out cross 

validation. The most weighted feature is selected by using binary PSO algorithm. SVM is used to classify the 

outcome into two classes as healthy and having heart valve disease. The proposed method helps to optimize the 

feature selection process. It can also be used an ideal preprocessing tool since it increase the classification 

accuracy. 

A new feature selection based on Rough set Theory hybrided with Bee Colony Optimization is proposed [12] . 

The method is appled in the medical data set and minimal reduct set is found. The proposed method is compared 

with Quick Reduct, Entropy based Reduct and with Genetic Algorithm, Particle Swarm Optimization and Ant 

Colony Optimization hybrided with Rough Set.  The solutions provided by Quick Reduct and Entropy based 

Reduct was close to minimal reduct set. But the solution is not optimal. The GenRSAR, AntRSAR, PSO-RSAR 

are also performing well but there is no consistency in the result. This is because these algorithms dealt with 

random parameters. Bee-RSAR exhibits constant and better performance on medical data set. 

To offer better conditions on subsequent analysis and to reduce the complexity of data, the data is pre-processed.  

Rough Set Theory was applied in three pre-processing steps like [16] Discretization, Feature Selection and 

Instance Selection. Experimental results have shown that the rough Set Theory consider only feature with large 

dependency.  K-NN classifier is used to validate the result. 

Similar objects are determined by using Expectation Maximization (EM) Clustering algorithm [17] . The 

features generated by this method are compared with the Fuzzy Rough Feature Selection and Tolerance based 

Feature Selection. The important aspect to reduce the irrelevant and redundant features is that they lead to slow 

learning and low accuracy. Rough set theory used data dependencies to reduce the input dimensionality. 

Function of the approximation is used to calculate the measure of dependency. The proposed method produces a 

smaller number of attributes compared with other Feature Selection algorithms. If also improved the average 

accuracy of classifiers like J48, JRIP and CART.  

Quick Reduct [18] Algorithm is used to reduce the number of genes from gene expression data. By using the 

Quick Reduct Algorithm the minimal data set is obtained. Rough Set Theory is used to pre-process the data to 

mine suitable rules. For post processing, Formal concept Analysis is used for mining rules. The rules are mined 

to extract knowledge and the most important factors that affect the decision making [16 ]. The aim of using 

Rough Set Theory is that it will help in prediction where as formal Concept Analysis is used in describing the 

data. This model is believed to be useful for decision making in the medical field.  

PSO [24] is used for Feature Reduction. Here, the patients the classified as diseased and non-diseased with the 

aid of Artificial Neural Network. The parameters such as Regression, Performance plot, Confusion Matrix and 

ROC Values are used to analyze the performance. The performance of the whole network is increased after 

applying PSO.  

V. Data Set Description  

The data set used for experimentation is the bench mark dataset of Heart disease which is obtained from UCI. 

The data base consists of totally 4 bench mark data set namely Cleveland data set, Hungary data set, Statlog data 

set and long beach data set. Among all these the Cleveland data set is most used by all researches since the 

missing data is less when compared with other data sets. The Cleveland data set consists of total of 76 attributes. 

But all the published articles refer only 14 attributes as are listed below in Table I, where is given the description 

of the data attributes used for experimentation. 

 

Table I Description of the data set 
No Name  Description 

1 Age Age in Years 

2 Sex 1=male, 0=female 

3 Cp Chest pain type (1= typical angina, 2= atypical angina, 3=non-anginal pain, 4= asymptomatic) 

4 trestbps Resting blood sugar (in mmHg on admission to hospital) 

5 Chol Serum cholesterol in mg/dl 

6 Fbs Fasting blood sugar > 120 mg/dl (1=true, 0=false) 

7 restecg Resting electrocardiographic results (0=normal, 1=having ST-T wave abnormality, 2 = left ventricular 
hypertrophy) 
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8 thalach Maximum heart rate achieved 

9 exang Exercise induced angina 

10 oldpeak ST depression induced by exercise relative to rest 

11 slope Slope of the peak exercise ST segment(1=upsloping, 2=flat, 3= downsloping) 

12 Ca Number of major vessels colored by fluoroscopy 

13 Thal 3= normal, 6=fixed defect, 7=reversible defect 

14 Num Class (0=healthy, 1=have heart disease) 

 

VI. Proposed Work 

The Intelligent Hybrid Quick Reduct Particle Swarm Optimization [IHQRPSO] algorithm combines both the 

methodology of PSO and QR algorithms to provide some better results. The proposed algorithm  function as 

follows: 

The first step is to initialize the Conditional and Decision features (C, D), the swarm size (S), cognitive and 

social components (c1 and c2), random values (r1 and r2) and inertia (ω). The c1 and c2 are initialized to be 2.0.  

The random values of r1 and r2 should be between 0 and 1.  If the inertia value is greater, then it will result in 

strong exploration ability and smaller value will result in strong exploitation ability.  The inertia value is too 

assigned between 0 and 1. It is assigned to be 0.33.  The swarm size is fixed as 20.   

After initializing the variables, the data set is set to be empty.  The empty data set is assigned to a variable.  

After checking the condition  x  (C – R),  the Data Fitness value (DFV)  is calculated.  The DFV is compared 

with Particle Best. If the Fitness Values is greater the Particle best (Pbest ) then Data Fitness Value is assigned as 

Pbest . Again the Pbest compared with Global Best (Gbest ).  If Gbest is smaller than Pbest  mean, Gbest is assigned to be 

the value of Pbest.   

After storing the Gbest value, the QR Algorithm is used to compare the vales. If  RU (x) >  T(D), then the empty 

attribute which is initially assigned will be replaced by the new Gbest   value.  Gbest   value is taken only if the 

above condition is satisfied.  Or else, the velocity is again updated by using the equation 12. 

The process goes on repeating until the Gbest    value obtained satisfied the  RU (x) >  T(D) condition. The 

condition stops when the classification accuracy of the decisive feature  R (D) is equal to the classification 

accuracy of  R (C).  The final output will the optimal data set.  The pseudo code of the algorithm is as follows:  

 

Pseudo code: IHQRPSO Algorithm: 

Input:  

 Data set 

Algorithm: 

 Initialize C, D,S, c1,c2, r1, r2, ω 

 For each particle i in S do 

 { 

  R  { } 

 } 

 do 

  T  R 

   x  (C – R) 

  Calculate DFV 

  If DFV > Pbest 

   Set Pbest = DFV 

  If Pbest > Gbest 

   Gbest = Pbest 

                  If  RU (x) >  T(D) 

  T  R U (X)  

  R  T 

 Calculate and update velocity by using the equation12 

Until 

If  R (D) ==   C (D) 

Return R 

Output:  

Optimal Data set 
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Figure 1: The data flow of IHQRPSO Algorithm 
 

 
 

VII. Results and Discussions  
The two algorithms PSO and QR are combined as an IHQRPSO Algorithm.  For experimentation, the Matlab is 

used to simulate the algorithms.  It is observed that the proposed algorithm reduce the number of features 

without affecting the accuracy of the results. The features obtained after implementing the algorithm is as 

tabulated in Table II. 
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Table II Features obtained after implementing the algorithms 

 

PSO QR IQRPSO 

Cp Cp Cp 

Exang Exang Exang 

Slope Slope Slope 

Ca Ca Ca 

Thal Thal Thal 

Restecg Chol  

 Thalach  

 Oldpeak  

 

The  Figure 2 shows the reduced number of attributes by using IHQRPSO Algorithm.  

Figure 2: Reduced number of attributes 

 
The performance of all algorithms is calculated by computing its Sensitivity, Specificity and Accuracy.  It can 

be calculated as follows 
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Sensitivity is used to correctly classify the individual as diseased and Specificity is to classify the individual as 

disease free.  The True Positive Rate (TPR) and False Positive Rate are also calculated.  If the Kappa Statistic 

value is 0.7 or greater than 0.7, then it is said to good statistic correlation.  The correlation is found to be better 

in the case of high Kappa value.   
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The data set is classified by using Multilayer Perceptron Network. The network is set with 10 hidden neurons 

and trained using the Levenberg-Marquardt algorithm. The learning rate is set as 0.3 and momentum is 0.2.  The 

Table 3summarizes the result obtained.  The data set is subject to 10 fold cross validation.  The cross validation 

technique is used to estimate the performance of a predictive model.  In the 10 fold cross validation; the data 

sets are divided into 10 sets.  Among the 10 data sets, 9 data sets are used for training and 1 is used for testing.  

The Table III lists out the values obtained after implementing the algorithms. 

Table III: Values obtained after implementing the algorithms 
 With 13 attributes PSO QR IQRPSO 

Correctly classified instance 70.29 79.53 78.54 80.19 

Kappa statistic 0.39 0.56 0.58 0.60 

MAE 0.32 0.23 0.23 0.23 

RMSE 0.44 0.42 0.38 0.38 

RAE 65.07 46.98 47.09 46.67 

RRAE 88.55 84.42 77.57 77.90 

TPR 0.70 0.78 0.79 0.80 

FPR 0.31 0.2 0.21 0.2 

Precision 0.70 0.78 0.79 0.8 

Recall 0.70 0.78 0.79 0.8 

ROC Area 0.78 0.84 0.85 0.85 

 

It is observed from the Table 3 that after obtaining the optimal data set by using IHQRPSO algorithm, the 

Accuracy has been increased. Accuracy level obtained is 80.19% which is higher than other two existing 

algorithms. The kappa statistic value is also increased. When comparing with other measures like Mean 

Absolute Error (MAE), Relative Mean Squared Error (RMSE), Relative Absolute Error (RAE), Root Relative 

Absolute Error (RRAE), True Positive Rate (TPR), False Positive Rate (FPR), Precision, Recall and ROC Area, 

the optimal data set reduced by using IQRPSO algorithm shows promising results.   

 

Figure 3: Comparison of performance based on Accuracy, RAE and RRAE 

 
 

The Figure 3 reflects the performance of IHQRPSO with respect to correctly classified instance, RAE and 

RRAE. It is observed that the classification accuracy is increased with the reduced data set obtained from the 

18 
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proposed algorithm.  Similarly, the RAE and RRAE value is also decreased which supports the performance of 

proposed IQRPSO in attribute reduction.  

Figure 4: Performance analysis of proposed algorithm with existing algorithms 

 
Figure 4 shows the Performance of the algorithm by further analyzing with the parameters like Kappa Statistic, 

MAE, RMSE, TPR, FPR, Precision, Recall and ROC Area. The graph supports that proposed algorithm can be 

used for Feature Reduction in Heart Disease data set. 

Figure 5: The ROC Curve and Confusion Matrix for QR Algorithm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Figure 5 shows the confusion matrix and ROC value obtained by using QR Algorithms. The confusion 

Matrix is plotted between the Target Class and the output class.  A Confusion matrix should be interpreted as in  

Figure 6.  

 

Figure 6 Interpretation of Confusion Matrix 
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ROC curve is the trade-off between the Sensitivity and Specificity. The closer the curve to the left hand border, 

the more is the accuracy. The Figure 7 give the Confusion Matrix and ROC curve for the PSO Algorithm.  

Figure 7: Confusion Matrix and ROC Curve of PSO Algorithm 

 

 

 

 

 

 

 

 

On comparing the Confusion Matrix and ROC Curve value, the proposed IQRPSO performs well when  

 

 

 

 

 

in Feature Reduction. 

 

Figure 8 Confusion Matrix and ROC Curve for IHQRPSO Algorithms 

 

 

 

 

 

 

 

 

 

 

On the overall comparison, it is evident that the proposed algorithm performs well in Feature reduction without 

affecting the Classification Accuracy.  The proposed algorithm yields increased prediction accuracy.  The 

optimal data set obtained using the proposed algorithm improves the classification accuracy. Before reducing 

the data set, the classification accuracy was 70.29. After implementing the algorithm, it has been increased upto 

80.19%.  The comparison of classification accuracy is shown in Figure 9. 

Figure 9 Comparison of Classification Accuracy 

 
VIII. Conclusion  

Feature reduction is an imperative task in Medical Data Mining. It is a field which requires more accuracy and 

precise information, since the data used deals with health. Hence, tumbling the attribute number in Medical Data 

Mining is a crucial part.  The optimal data set should not affect the precision of knowledge which is obtained 

from the data. Different algorithms are applied to obtain the optimal data set by reducing the feature.  It is 

observed that the proposed Intelligent Quick Reduct Particle Swarm Optimization Algorithm is good at 

producing an optimal data set. The optimal set obtained by using the proposed algorithm does not affect the 
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accuracy. The accuracy level was increased upto 80% by using this algorithm. The future direction in this 

research is to test with bigger real time data set.  
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