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 Effective decision support system is an active research area in medicinal diagnosis. 

Though new methodologies and tools are continued to extend day by day, researchers 

are investigating intelligent agent based effective medical diagnosis system for diseases 
which can improve the ability of the physicians and the quality of healthcare in many 

ways. In our earlier work we have presented that the agent based patient monitoring 

system is successful in medical diagnosis. This paper is an extension of previous work; 
here we have proposed an improved k-Nearest Neighbor algorithm (IKNN) for an 

effective decision making in diagnosis of heart diseases.. Accuracy of this proposed 

algorithm is improved by computing weight of each neuron using Back Propagation 
technique which is also an effective method for minimizing error. This work mainly 

focused on automated mining process from which the suitable mining techniques are 

analyzed based on the data set and attribute nature. The result on basis of performance 
evaluation criteria’s like Sensitivity, Specificity and Accuracy showing that the 

proposed algorithm can achieve excellent result on large dataset when compared with 
other existing classification algorithms. This method is helpful to doctors and nurses in 

the diagnosis and treatment of patient with all kinds of conditions and satisfies the user 

expectation and interest. 
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INTRODUCTION 

 

 To improve the quality of medical services in the world the computer-based methods are highly used. In 

remote areas, mostly the population is destitute the facilities of having experts to diagnose disease. So it is 

necessary to store the expertise of specialists in computers through using Expert System technology [ES]. Based 

on the suggestion given by the ES they can consult the specialist doctor if it is necessary or serious. It is possible 

to predict the efficiency of medical treatments by building the data mining applications. Data mining can deliver 

an assessment of which courses of action prove effective by comparing and evaluating causes, symptoms, and 

courses of treatments. The real-life applications of data mining are attractive since they provide data with varied 

set of problems and time. Working on heart disease patients databases to give correct suggestion to the patient is 

one kind of real-life issues. Hence it appears reasonable to try utilizing the knowledge and experience of several 

specialists collected in databases towards assisting the diagnosis process. 

 This research work concentrate on two cutting edge technologies Multi Agent and Data mining. The most 

common definition for agent is that an agent is anything that can autonomously interact with its environment 

(Bradshaw, 1997). The agent itself is merely an umbrella term for a group of more specific types of agents. 

They can be classified by attributes. Attributes are reactivity, autonomy, learning, cooperation, reasoning, 

communication, and mobility. An intelligent agent perceives its environment and makes informed decisions 

based on its perceptions and acts accordingly (Kazma, 1998; Vidal, 2003). For the purpose of this research the 

definition that an intelligent agent is defined, as a system that perceives its environment and acts upon the 

information it perceives. 

 In our previous work we have presented intelligent agent in Multi layer architecture can capably fetch, store 

and transfer the information of patients through wireless sensor network (Rajavignesh, 2014). This paper deals 

with integrating intelligent agent-based structure in neural network with proposed classification algorithm for 

decision making system. It is a novel idea for developing an efficient expert system for medical diagnosis. 
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 We have taken the neural network for the design of prediction system with IKNN as classification 

algorithm. The effectiveness of the designed system in predicting the heart attack is illustrated by the acquired 

results. Expert System includes database systems and artificial intelligence techniques, such as knowledge-based 

systems. It is possible for the healthcare industries to gain advantage of Data mining by employing the same as 

an intelligent diagnostic tool. It is potential to acquire knowledge and information concerning a disease from the 

patient specific stored measurements as far as medical data is concerned. Here Data mining systems are used for 

storing, retrieving and generally manipulating patient data, whereas ESs are mainly used for performing 

diagnoses based on patient data, since they can naturally represent the way experts reason. This paper is mainly 

concentrate on the decision support system which adopts the new technique IKNN for effective diagnosis. 

 

Review on existing methods: 

 Numerous works in literature related with heart disease diagnosis using data mining and artificial 

intelligence techniques have motivated this research work. The techniques are discussed below: 

 

A. Naive Bayes: 

 Each data mining technique serves a different purpose depending on the modeling objective Naive Bayes is 

one of the successful data mining technique used in the diagnosis of heart disease patients. Naive Bayes 

classifiers have works well in many complex real-world situations. Naive Bayes or Bayes Rule is the basis for 

many machine-learning and data mining methods. The rule is used to create models with predictive capabilities. 

It provides new ways of exploring and understanding data. It learns from the “evidence” by calculating the 

correlation between the target (i.e., dependent) and other (i.e., independent) variables. By theory, this classifier 

has minimum error rate but it may not be case always (Aieman Quadir Siddique, 2013). However, inaccuracies 

are caused by assumptions due to class conditional independence and the lack of available probability data. 

Observations show that Naive Bayes performs consistently before and after reduction of number of attributes. 

The disadvantage of Naive Bayes is that it has strong feature independence assumptions. 

 

B. Bagging: 

 Bagging plays an important role in the field of medical diagnosis. Bagging algorithms used to improve 

model stability and accuracy. Bagging works well for unstable base models and can reduce variance in 

predictions. Boosting can be used with any type of model and can reduce variance and bias in predictions. 

Bagging means Bootstrap aggregation, an ensemble method to classify the data with good accuracy. My Chau 

Tu,s et al, (2009) used bagging algorithm to identify the heart disease and achieve effective result. 

 Efron, et al, (1998) describes that the main disadvantage of bagging compare with other ensemble 

algorithms, is the lack of interpretation. A linear combination of decision trees is much harder to interpret than 

a single tree. Likewise: bagging a variable selection - fitting algorithm for linear it gives little clues which of the 

predictor variables are actually important. 

 

C. Regression tree: 

 Peter C. Austin and Jack V. Tu, et al, (2013) have described a heart disease prediction method by using data 

mining and machine learning approach. Patient with or without a specific disease was classified using 

classification trees. Because of limited accuracy in classification trees, data mining and machine learning have 

developed an alternative classification which comprise of boosted trees, bagged trees and random forests. The 

performance was compare with classification of different types of heart failures such as preserved ejection 

fraction and reduced ejection fraction. Reduced ejection fraction was based on a large number of clinical trials 

and preserved ejection was much smaller and the overall prognosis was similar. The two different types of heart 

failures were diagnosed from the results of echocardiography which was commonly done in heart patient. 

 In high resource region and treatment decision need before echocardiogram data were available and the test 

was not always performed. Based on this comparison substantial improvement in prediction and classification of 

heart failure was provided by flexible tree based method of data mining when compared with conventional 

classification and regression trees. And it provided high quality performance over conventional classification. 

 

D. Back Propagation Neural Network: 

  Nazri Mohd Nawi and Rozaida Ghazali et al, (2010) have proposed a novel method to improve the 

efficiency of back propagation neural network algorithms. In Gradient Descent with Momentum and Adaptive 

Gain (GDM/AG) proposed algorithm, for each node the gain value was changed adaptively to modify the initial 

search direction. The modification enhanced the computational efficiency of training process and can be 

implemented in optimization process. The convergence speed of the proposed algorithm was evaluated using 

classification matrix. The heart disease of the patient was predicted efficiently. The algorithms were strongly 

constructed and have the ability to enhance the computational efficiency. 
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 Back propagation algorithm with a supervised error-correction learning rule, is one of the most popular and 

robust tools in the training of artificial neural networks. Back propagation passes error signals backwards 

through the network during training to update the weights of the network prediction and the actual target value 

and these modifications are applied in the backward direction. This back propagation algorithm is successfully 

implemented in heart disease classification using neural network and feature selection (Khemphila, 2011) and 

achieved 89.5% accuracy. 

 

E. K Nearest Neighbour: 

 K nearest neighbor (KNN) is an algorithm which stores all cases and classifies new cases based on 

similarity measure. KNN algorithms have been used since 1970 in many applications like statistical estimation 

and pattern recognition etc.KNN is a non parametric classification method which is broadly classified into two 

types 1) structure less NN techniques 2) structure based NN techniques. In structure less NN techniques whole 

data is classified into training and test sample data. From training point to sample point distance is evaluated, 

and the point with lowest distance is called nearest neighbor. Structure based NN techniques are based on 

structures of data like orthogonal structure tree (OST), ball tree, k-d tree, axis tree, nearest future line and central 

line [9]. Nearest neighbor classification is used mainly when all the attributes are continuous. 

 

Methodology: 

 The methodology section discusses the Improved K-Nearest Neighbour algorithm (IKNN) which integrates 

the back propagation technique with KNN algorithm. Here Back propagation is used to determine weights of the 

connection where as KNN is used for effective classification of data.  

 

F. K-Nearest-Neighbour (KNN): 

 It is one of the Memory-Based Classification techniques with continuous attributes and the difference 

between attributes is calculated using the Euclidian distance formula 
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 Where imX , jmX are the training and test attributes, d is the function used to find the distance between 

them. 

 

G. Normalization: 

 The major problem with Euclidean distance is the larger values frequency swamps the smaller values. So 

the Normalization technique has to be applied on the continuous attributes. 
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H. Assign Weight by Back propagation: 

 Assigning weight to the features can improve the accuracy and minimize the error rate using back 

propagation method. Back Propagation [BP] is the technique which is used to find the net value as in Fig.1. The 

most widely used training algorithm for multilayer and feed forward network is Back propagation. The name 

given is back propagation because, it calculates the difference between the actual and predicated values and 

propagated from output nodes, backwards to nodes in previous layer. This is done to improve weights during 

processing.  
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The BP algorithm is capable of adjusting the network weights and biasing values to reduce the square sum of the 

difference between the given output (Xim) and an output values computed by the net (Xjm) with the aid of 

gradient decent method. The working of Back propagation algorithm is summarized in steps as follows:  

 

Steps:  

1. Provide training data to network.  

2. Compare the actual and desired output.  

3. Calculate the error in each neuron.  

4. Calculate what output should be for each neuron and how much lower or higher output must be adjusted for 

desired output. 

5. Then adjust the weights.  

 

 
 

Fig.1: Weighted Neural Network. 
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Fig. 2: Back-propagation neural network. 
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 The most popular neural network algorithm is back-propagation algorithm. Although many types of neural 

networks can be used for classification purposes (Lippmann, 1989), the focus is on the feed forward multilayer 

networks or multilayer perceptron which are the most widely studied and used neural network classifiers. The 

feed forward, back-propagation architecture is the most popular, effective, and easy-to-learn model for complex, 

multi-layered networks. Its greatest strength is in non-linear solutions to ill-defined problems. Fig.2. 

 The typical back-propagation network has an input layer, an output layer, and at least one hidden layer. 

There is no theoretical limit on the number of hidden layers but typically there are just one or two. Some work 

has been done which indicates that a maximum of five layers (one input layer, three hidden layers and an output 

layer) are required to solve problems of any complexity. Each layer is fully connected to the succeeding layer. 

Training inputs are applied to the input layer of the network, and desired outputs are compared at the output 

layer. During the learning process, a forward sweep is made through the network, and the output of each 

element is computed layer by layer. The difference between the output of the final layer and the desired output 

is back-propagated to the previous layers, usually modified by the derivative of the transfer function, and the 

connection weights are normally adjusted. This process proceeds for the previous layers until the input layer is 

reached [13]. So in this Improved KNN (IKNN) algorithm K-Nearest Neighbour and Back propagation is 

combined which enhance the effectiveness of classification. 

 

Performance analysis: 

I. Evaluation Measure: 

 Performance of the classifier can be evaluated by the three criteria: Sensitivity, Specificity and Accuracy. 

Negative are the negative tuples that were correctly labeled by the classifier. False positives are the negative 

tuples that were incorrectly labeled by the classifier, while false negatives are the positive tuples that were 

incorrectly labeled by the classifier. Sensitivity means recognition rate or true positive rate the sensitivity and 

specificity measures can be used for calculating performance and precision is used for the percentage of samples 

labeled as “Yes”. And these measures are defined as below 

Sensitivity=True Positive/Positive            (5) 

 Specificity means true negative rate .True Positive is the number of true positives (i.e. “Present” samples 

that were correctly classified) and Positive are the number of positive samples. 

Specificity=True Negative/Negative           (6) 

 True Negative is the number of true negatives (i.e. “Absent” samples that were correctly classified) and 

Negative is the number of negative samples and False Positive is the number of false positives (“Absent” 

samples that were incorrectly labeled as “Yes”).  

Accuracy=Sensitivity (Positive/Positive negative) +Specificity (Negative/Positive +Negative)        (7) 

 Table.1 describes an assessment of accuracy of a model in predicting the presence or absence of a heart 

disease and the Table.2 is a hypothetical example for assessing a predictive model’s accuracy in correctly 

identifying heart disease.  

 
Table 1: Predictive Model. 

Model Prediction Diagnosis Total 

Positive Negative 

Positive True Positive 

A 

False Positive 

B 

A+B 

Negative False Negative 

C 

True Negative 

D 

C+D 

Total A+C B+D A+B+C+D 

 
Table 2: Predictive Model Example. 

Model Prediction Diagnosis Total 

Positive Negative 

Positive 500 200 700 

Negative 100 200 300 

Total 600 400 1000 

    

J. Performance measure computation an Example: 

 Using sample data the computation of performance measures are explained below. 

Sensitivity=A/A+C =500/500+100 =83.33% 

Specificity=D/B+D= 200/200+200 = 50.00% 

Accuracy= 83.33 (700/700+300) +50.00(300/700+300) = 73.33% 

 

Experiment: 

K. Dataset Description: 

 In this presented experiment the medical data related to heart diseases is considered. The Table.III describes 

the dataset that obtained from Cleveland database (Vidal, 2003). It is openly available dataset which concern 
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classification of person into normal and abnormal person regarding heart diseases. We have chosen 13 attributes 

for classification each attribute is highly important to categories a person as high risk person (i.e) person with 

heart disease or low risk (i.e) person without heart disease.  

 
Table I: Dataset Description. 

S.No Attribute Description Range 

1 Age Age in years Continuous 

2 Sex (1=male;0=female) 0,1 

3 Cp --Value 1: typical agina 1,2,3,4 
--Value 2: atypical angina 

--Value 3: non-anginal pain 

--Value 4: asymptotic 

 

4 trestbps Resting blood pressure(in mmHg) Continuous 

5 Chol Serum cholesterol in mg/dl Continuous 

6 fbs (Fasting blood sugar .120mg/dl) 

(1=true; 0=false) 

0,1 

7 restecg Electrocardiography results 
==Value 0: normal 

--Value 1: having ST-T wave abnormality 

(T wave inversions and/or ST Elevation or depression of> 0.05 mV) 
--Value 2: showing probable or definite left ventricular Hypertrophy 

achieved 

 

0,1,2 

8 Thalach Maximum heart rate achieved Continuous 

9 Exang Exercise induced angina(1=yes;0=no) 0,1 

10 Oldpeak ST depression induced by exercise relative to rest Continuous 

11 Slope The slope of the peak exercise 
ST segment 

Value 1: up sloping 

Value 2: flat 
Value 3: down sloping 

1,2,3 

12 Ca Number of major vessels(0-3) 

Coloured by fluoroscopy 

Continuous 

13 Thal Normal, fixed defect, reversible defect 3,6,7 

 

Result: 

 The result based on the performance criteria Accuracy, sensitivity and specificity is compared with other 

existing techniques shows our proposed IKNN is efficient and tabulated below in Table .4.  

 
Table 4: Performance Evaluation. 

S.No Technique Sensitivity Specificity Accuracy 

1 Naive Bayes 86.25% 75.82% 81.08% 

2 Decision Tree 83.12% 74.26% 79.05% 

3 Bagging algorithm 83.75% 75.73% 80.06% 

4 IKNN 90.0% 77.20% 84.12% 

 

 This performance comparison clearly describes that our proposed technique is good in accuracy. So that the 

enhancement in performance will surely helps our expert system for effective classification. We can perfectly 

predict the risk factor of the patient as  

Class A: High 

Class B: Normal 

Class C: Low 

 

Conclusion: 

 The research on agent-based intelligent decision support systems is important to the medical industry 

because these systems can be used to improve the quality of healthcare in many ways. The areas these systems 

can be used in are varied from the storage of health report to the assessment and appraisal of real-time data 

gathered from monitors. These systems are helpful to doctors and nurses in the diagnosis and treatment of 

patient with all kinds of conditions. In this research work, entire mining process is carried out by different 

intelligent agents with the help of automated system based on the user history. The major aim is to satisfy the 

user expectation and interest. This work mainly focused on automated mining process from which the suitable 

mining techniques are analyzed based on the data set and attribute nature.  

 First part of our research work implement, the agent based multi-layer architecture for gathering and 

monitoring the patient data using wireless sensor network. In this second part we have presented a novel 

approach for heart attack diagnosis system using decision making algorithm. Various techniques and data 

mining classifiers are discussed in this paper, based on the integrated two algorithms, the k-nearest neighbor for 
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effective classification and back propagation for finding weight which can minimize the time complexity and 

improve the accuracy of k-nearest neighbor. We have named it as improved k-nearest neighbor (i.e) IKNN 

classifier to improve the accuracy. We have investigated our research work on benchmark dataset for its 

efficiency, which shows our IKNN has produced excellent result on compared with existing algorithms. The 

experimental results gained good result on classification accuracy, sensitivity and specificity for heart disease 

diagnosis. 

 

 
 

Fig. 3: Graphical representation of Sensitivity, Specificity and Accuracy. 
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