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Abstract 

Heart disease is increasing day by day in today's world due to lifestyle,  heredity.[1]It is one of the 

leading causes of death in the world. Heart disease prediction will help to detect the disease faster and 

help to reduce the number of deaths. Here we will be using decision tree classifiers as well as a 

probability based classifier. The algorithms that we will be using are (i) Naïve Bayes classifier (ii) J48 

algorithm (iii) Random forest classifier. We will be using an existing patient dataset of Cleveland from 

UCI repository to test and analyze the algorithms. Experiments result have been found to reach an 

accuracy up to 59%. 

 

 

1 Introduction 

Heart disease is one of the leading cause of death in the world. [2] It has been observed that about 

2,300 Americans die of cardiovascular disease each day, an average of 1 death every 38 

seconds.[1]Predicting Heart disease using patients databases can be compared to the real-life 

application. It is not possible to determine which attributes have a higher impact on disease prediction. 

Therefore the already available dataset can be used for diagnosing. Over the years a significant amount 

of patient data has been collected. Those data can be mined to find hidden patterns which can 

eventually help in decision making. With the alarming increase in the number of heart disease a large 

number of patients, researches using data mining techniques have been done using the vast amount of 

available data. Data mining is the process of finding hidden patterns or relationships with large sets of 

data, and it also helps to predict outcomes based on that analysis. Thus by building a heart disease 

prediction system using data mining technique can aid in early –detection or prevention of the disease. 

The accuracy of prediction depends on the selection of parameters to be used. Many papers have tried 

to do heart disease prediction using many different datasets available.   
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2 Background and related works 

Millions of people are getting heart disease every year.  [1]Medical diagnosis play a vital role. But it is 

expensive. Data mining technique can be used to find patterns and consistency in sets of data. Thus 

helping in reducing the cost of diagnosis.  Data mining algorithms can be used to construct and classify 

the different attributes or classes. Risk factors of heart disease can be identified using factors like age, 

blood pressure, total cholesterol, diabetes, hypertension, family history of heart disease, obesity and 

lack of physical exercise, fasting blood sugar etc[3]. Different data mining techniques like Neural 

network, naïve Bayes, decision tree etc. are used in the diagnosis of heart disease. Improvement in 

accuracy of diagnosis help to improve health outcomes. [4]Decision tree is a supervised learning 

algorithm. The trained data can be used to predict the class to which the data belongs. The output of 

the decision tree is easy to understand and the execution time is less. The algorithm generates decision 

tree classification rules. The leaves of the decision tree are the predicted decisions. Again Probability 

classifier is able to predict using a probabilistic distribution over a set of classes. Decision tree in WEKA 

has are easy to implement. It can handle input data like Nominal, Numeric&Text. The general approach 

took after for Decision Tree classification for satisfying the objective is: 

Training => Algorithm => Model => Testing => Evaluation. 
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3 Application Scenario, Solution and Theory  

The application scenario referred in this project is to predict heart disease using decision tree 

algorithms. The study was conducted by Technique Jaymin Patel, Prof.TejalUpadhyay, Dr. Samir Patel 

Department of Computer Science and Engineering, Nirma University, Gujarat, India.  The primary 

objectives set for  the study was to : 

1. The prediction system should not have prior knowledge of the patient records. 

2. The chosen system must be scalable to run against an extensive database with thousands of 

data. 

This study uses the open source software tool, WEKA to do prediction using different algorithms. In 

this study they have used three algorithms J48 algorithm, Random Forest algorithm and Logistic Model 

Tree Algorithm. Cleveland dataset from UCI repository has been used for the study. It is available at 

http://archive.ics.uci.edu/ml/datasets/Heart+Disease. The dataset has 76 attributes and 303 records. 

Only 13 attributes are used for the study and testing. The data mining technique used in the study is 

the "Classification. 

"[5] Classification is a data mining function that assigns items in a collection to target categories or 

classes. The goal of classification is to accurately predict the target class for each case in the data. For 

example, a classification model could be used to identify heart disease prediction such as no presence, 

likely to have, surely have. [6] There are two main steps in classification.   

1. Model Construction: construct a classification model based on training data. 

2. Model Usage: before using the training data, the accuracy of the data is checked using test 

data. 

Before building training data, the data cleaning is performed to remove noise and redundant data. 

Classification is then done on the preprocessed data using different algorithms. The rules generated 

using the algorithms can be used for prediction of the class labels. 

 

http://archive.ics.uci.edu/ml/datasets/Heart+Disease
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4 Algorithms : 

The algorithm used in the project are : 

1. Naïve Bayes Classifier 

2. Random forest algorithm 

3. J48 algorithm 

Below we will be explaining these algorithms in details: 

4.1 Naïve Bayes Classifier: This classifier comes from the family of a simple probabilistic classifier.  

The general formula used for the algorithm is: 

𝑃(𝐴|𝐵) =  
𝑃(𝐴, 𝐵)

𝑃(𝐵)
=

𝑃(𝐵|𝐴)𝑃(𝐴)

𝑃(𝐵)
 

Which in  laymen language can  be  explained  as ,  

Likelihood ∗  prior

𝑒𝑣𝑖𝑑𝑒𝑛𝑐𝑒
 

P(A|B) is the posterior probability of the class. (i.e. target attribute) 

P(A) is the prior probability of the class 

P(B|A) is the likelihood which is the probability of predictor given class 

P(B) is the prior probability of predictor. 

 

The classifier can be trained very efficiently in a supervised learning setting. The model uses the 

method of maximum likelihood. The steps to perform the algorithm : 

1. Convert the data set into a frequency table 

2. Create Likelihood table by finding the probabilities 

3. Calculate the posterior probability for each class using Naive Bayesian equation. 

4.  The class with the highest posterior probability is the outcome of prediction. 
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4.2 Random Forest Algorithm :[1] Random forest is an ensemble classifier that consists of many 

decision trees. Individual trees represent the output of the classes. Higher the number of trees, higher 

the rate of accuracy. [9] The process of finding the root node and splitting the feature nodes will 

happen randomly. This classifier can handle missing values and won't overfit the model. 

[5] Random Forest pseudocode: 

1. Randomly select “k” features from total “m” features. 

a. Where k << m 

2. Among the “k” features, calculate the node “d” using the best split point. 

3. Split the node into daughter nodes using the best split. 

4. Repeat 1 to 3 steps until “l” number of nodes has been reached. 

5. Build forest by repeating steps 1 to 4 for “n” number times to create “n” number of trees. 

Random forest prediction pseudocode: 

To perform prediction using the trained random forest algorithm uses the below pseudocode. 

1. Takes the test features and use the rules of each randomly created decision tree to predict the 

outcome and stores the predicted outcome (target) 

2. Calculate the votes for each predicted target. 

3. Consider the high voted predicted target as the final prediction from the random forest 

algorithm. 
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4.3 J48 algorithm :[1] J48 is an open source Java implementation of the C4.5 algorithm in the WEKA 

tool. The algorithm builds the tree from the dataset using the information entropy. Basic steps to 

construct tree are 

a. Check whether all cases belong to the same class, then the tree is a leaf and is 

labelled with that class. 

b.  For each attribute, calculate the information and information gain. 

c.  Find the best splitting attribute (depending upon current selection criterion). 

 

 

5 Data Source and Preparation : 

The dataset used for the project is the Cleveland dataset of the UCI repository. The dataset is available 

at http://archive.ics.uci.edu/ml/machine-learning-databases/heart-disease/. 

The dataset has 14 attributes and 294 records. The missing value is denoted by –9 or ?.  

Selected Dataset attributes are : 

 

Name Type Description 

Age Continuous Age in years 

Sex Discrete 0=female  1 =male 

cp Discrete Chest pain type: 1 = typical 
angina, 2 = atypical 
angina, 3 = non-anginal pain 
4 =asymptom 

trestbps Continuous Resting blood pressure (in 
mm Hg) 

chol Continuous Serum cholesterol in mg/dl 

fbs Discrete Fasting blood sugar>120 
mg/dl: 1-true 0=False 

restecg Discrete 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 

http://archive.ics.uci.edu/ml/machine-learning-databases/heart-disease/
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left ventricular 
hypertrophy          
by Estes' criteria 

thalach Continuous Maximum heart rate 
achieved 

exang Discrete Exercise induced angina: 1 = 
Yes 0 = No 

oldpeak Continuous Depression induced by 
exercise relative to rest 

slope Discrete The slope of the peak 
exercise segment : 
1 = up sloping 2 = flat 3 = 
down sloping 

ca Continuous Number of major vessels 
coloured by fluoroscopy 

that ranged between 0 and 3. 

thal Discrete 3 = normal 6 = fixed defect 7= 
reversible defect 

num Discrete Diagnosis classes: 0 = No 
Presence 1=Least likely to 

have heart disease 2= >1 3= 
>2 4=More likely have 

heart disease 
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5.1 Data cleaning : 

The data cleaning has been implemented in Python. The code is saved in "noise.py".The following 

steps were followed by cleaning up the dataset : 

1. Major noise is detected in the form ? or -9. These values are replaced with "NaN" values which 

follows IEEE standard. 

2. A column-wise check is performed to check the validity of 0 value as column data. For example, 

then checked column-wise to see if any of the columns have 0 that should not have it. For 

example, age column or bp column cannot have 0  values. If such columns have 0 values, 

replace with "NaN." 

3. All "NaN" values were replaced with dummy values. 

4.  Further optimization can be done using several formulas to replace these NaN values. 

5. Check each row and column so that they have at least minimum valid values. Then check that 

each row and column should have at least some valid values. If they do not have, those rows or 

columns are dropped.  

 

 

5.2 Training and Test Dataset: After data cleaning, the columns ca and that are dropped. The 

total number is 205. The training and test dataset have been split into 70% and 30% respectively. 

Training dataset: clev_train 

Test dataset : clev_test 

In case of using the dataset in WEKA, the file name "total" was uploaded and was split there. 

 

 

 

 

 

 

 

 

6 System Design and Implementation : 
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6.1 Naïve Bayes Algorithm (Implemented in Python):We have implemented the 

algorithm using python. The following functions were implemented. The file was saved as 

naïve_.py. 

Function name   Usage 

inputFile()  Enter training file name and 
check if it exists 

 
readFile() read training file 

inputs() take user input to get target 
attribute 

dataCleaning() divide dataset into target and 
others 

calculateProbability() calculate probability of each 
factor 

calculatePrediction() calculate prediction of test data 

readTestfile() read test filename 

getTestdataset() get testdata set 

findProbability() to calculate probabilty 

findTarget() unique value of target list 

displayResult() display result 

calculateAccuracy() calculate accuracy 

readTestfile() read testfile 

findFactorlist() find factor value for attribute 

findUniqueList() find unique value of list 
 

Validations: Input filename validation for both test and training exists. Validation to check the target 

attribute name is also there. Probability value 0 cases have also been handled.  

 

 

 

 

 

 

 

Demo : 
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6.2  Random forest Algorithm( Implemented in Python): The program has been 

implemented sklearn library using python. The functions used : 

Functions Usage 

InputFile input training file name 

ReadFile read training dataset 

Classifier  implement the classifier; read test file 

Confusionmatrix  print the confusion matrix 

InputTestfile  input test file name 

 

Validations: Input filename validation for both test and training exists. Validation to check the target 

attribute name is also there.  

 

Output :  
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7 Results in WEKA :  

The three algorithms have been implemented in Weka. The steps to execute the algorithms in WEKA 

are as follows : 

1. Start the WEKA Explorer. 

2. Uploaded the dataset file. 

3. Select filter- numerical to nominal for attribute filtering. 

4. select the classifier 

5. chose the slitting option(70%) 

6. Click on start. 

Weka Output for Random Forest 
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Weka Output for J48 
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Weka Output for Naïve Bayes 
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8 Performance Evaluation : 

 

Algorithm Research Paper  Our Result 

Naïve Bayes        -  41%(python) ; 59.01%(weka) 

Random Forest Between 55-57%(weka) 58.06%(python); 
59.06%(weka) 

J48 56.76%(weka) 57.37%(weka) 
 

 

 Time taken to test model on test split up 

Naïve Bayes 0 sec 

Random Forest 0.01 sec 

J48 0 sec 

 

 

 Mean Absolute Error 

Naïve Bayes 0.17 

Random Forest 0.22 

J48 0.32 

 

So from our evaluation, it can be easily seen that Naïve Bayes is faster and more efficient among these 

algorithms followed by random forest and then J48. 

 

 

 

 

 

 

 

 

 

9 Conclusion & Future Work :  
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[1]By analyzing the experimental results, it is concluded that Naïve Bayes technique turned out to be 

the best classifier for heart disease prediction because it contains more accuracy and least time taken 

to test model on test split up. We can see that highest accuracy belongs to Random forest algorithm 

followed by Naïve Bayes algorithm and J48 algorithm respectively. The best algorithm Random forest 

algorithm based on UCI data has the highest accuracy, i.e. 59.06%(weka) 58.06%(python),  while J48 

algorithm has the lowest accuracy, i.e. 57.37 %.In conclusion, although we have received a better 

accuracy rate than the referred paper, there is a need for combinational and more complex models to 

increase the accuracy of predicting the early onset of heart disease. 

Due to time limitation, different other data mining techniques were not approached for a better result. 

Different rules such as Association, Clustering, K-means can be taken into consideration for future 

work. 
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age sex cp trestbps chol fbs restecg thalach exang oldpeak slope num 

40 1 2 140.0 289.0 0.0 0 172.0 0.0 1.5 2.0 0 

49 0 3 160.0 180.0 0.0 0 156.0 0.0 1.0 2.0 1 

37 1 2 130.0 283.0 0.0 1 98.0 0.0 1.5 2.0 0 

48 0 4 138.0 214.0 0.0 0 108.0 1.0 1.5 2.0 3 

54 1 3 150.0 100 0.0 0 122.0 0.0 1.5 2.0 0 

39 1 3 120.0 339.0 0.0 0 170.0 0.0 1.5 2.0 0 

45 0 2 130.0 237.0 0.0 0 170.0 0.0 1.5 2.0 0 

54 1 2 110.0 208.0 0.0 0 142.0 0.0 1.5 2.0 0 

37 1 4 140.0 207.0 0.0 0 130.0 1.0 1.5 2.0 1 

48 0 2 120.0 284.0 0.0 0 120.0 0.0 1.5 2.0 0 

37 0 3 130.0 211.0 0.0 0 142.0 0.0 1.5 2.0 0 

58 1 2 136.0 164.0 0.0 1 99.0 1.0 2.0 2.0 3 

39 1 2 120.0 204.0 0.0 0 145.0 0.0 1.5 2.0 0 

49 1 4 140.0 234.0 0.0 0 140.0 1.0 1.0 2.0 3 

42 0 3 115.0 211.0 0.0 1 137.0 0.0 1.5 2.0 0 

54 0 2 120.0 273.0 0.0 0 150.0 0.0 1.5 2.0 0 

38 1 4 110.0 196.0 0.0 0 166.0 0.0 1.5 2.0 1 

43 0 2 120.0 201.0 0.0 0 165.0 0.0 1.5 2.0 0 

60 1 4 100.0 248.0 0.0 0 125.0 0.0 1.0 2.0 1 

36 1 2 120.0 267.0 0.0 0 160.0 0.0 3.0 2.0 1 

43 0 1 100.0 223.0 0.0 0 142.0 0.0 1.5 2.0 0 

44 1 2 120.0 184.0 0.0 0 142.0 0.0 1.0 2.0 0 

49 0 2 124.0 201.0 0.0 0 164.0 0.0 1.5 2.0 0 

44 1 2 150.0 288.0 0.0 0 150.0 1.0 3.0 2.0 3 

40 1 3 130.0 215.0 0.0 0 138.0 0.0 1.5 2.0 0 

36 1 3 130.0 209.0 0.0 0 178.0 0.0 1.5 2.0 0 

 


