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ABSTRACT

The application of Machine Learning is highly successful in fields like e- business, retail and
marketing has led to a vast spread in its application in variousother industries. Among these
sectors is the healthcare industry. This industry isknown to be “information rich”, and has a
great scope for effective decision making & discovering hidden patterns. Advanced machine
learning techniquescan help us with this situation. Talking about the healthcare industry, one
of themost talked about is the heart diseases. Heart is a vital organ. It pumps blood and
supplies it to all organs to function. Prediction of the occurrences of heart diseases is

significant work in this field.

In this work, eight machine leaning algorithms which include Random Forest, SVM, Decision
Tree, Naive Bayes, ANN, KNN, Logistic Regression and Deep Neural Network. Xg-boost, Ada
boost These algorithms are used to unfold a prediction system which will analyze and predict
whether the particular patient is pertaining to any heart disease or not. The main objectiveis to
identify the best algorithm suitable for this, and which provides maximum. accuracy results.
The algorithms are compared based on features. We are working on the algorithm with the
best accuracy results. This will help the doctors to assist the heart patient’s problem easily.

Advanced machine learning techniques can help us with this situation.

Talking About the healthcare industry, one of the most talked about the heart disease. The
heart is important to the human body. Millions of number deaths in the world are due to heart
disease. Some symptoms like chest pain, faster blood pressure, discomfort in breathing are
recorded in medical history this all data will be analysis on the regular basis of heart diseases.
In this research review and overview of heart diseases and its current model procedure it's
firstly introduce. And in-depth analysis of the most relevant of machine learning technics

algorithms available in literature of heart diseases in prediction system.
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CHAPTER 1

INTRODUCTION

1.1 OVERVIEW

In our day to day life, there are many factors that affect the human heart. The report by
World Health Statistics puts emphasis on this fact: one out of three adults all over the
world today, issuffering from hypertension, i.e., elevated levels of blood pressure — a
condition which results in deaths from a stroke or leads to heart attacks and other heart
related diseases. Heart diseases,also called by the name cardiovascular diseases,
include a no. of factors that can affect the heart

— which not only include the heart attacks. Cardiovascular diseases can be considered
a primaryreason of casualty in numerous countries. Cardiovascular diseases result in

the death of one person in an average of 34 seconds as stated by a study held in USA.

Coronary Cardiovascular disease, Heart disease and Cardiomyopathy, all fall under
the categories of heart/ cardiovascular diseases. The term Cardio Vascular Disease
consists of various conditions that affects heart, blood vessels, and the way in which
the pumping and circulation of blood takes place all through the body. Diagnosis is
quite a complex as well as anecessary task that needs to be carried out efficiently as
well as accurately. Mostly, the diagnosis/detection is made and based over the doctor’s
knowledge, skill and professional experience. This provides many undesirable

outcomes and over the budget medical cost for thetreatments given to the patients.

Hence, it is extremely beneficial to have a system for automating the medical diagnosis
for predicting the possibility of heart disease before it happens based on certain
physiological parameters. So before going into the details of our work, we will look into

usage of Data analytics in heart disease prediction.



Table 1.1 Different types of heart disease

Arrythmia

The irregular beating of heart. It is either too
slow or too fast.

Congestive heart failure

The heart doesn’t pump blood as it normally
should which leads to be a chronic disease.

Cardiac arrest

An unexpected loss of consciousness, heart
function, and breathing that occurs suddenly.

Congenital heart disease

The abnormality in the heart that develops
before birth.

High Blood Pressure

The condition in which the force of blood
against the walls of the artery is too high.

Coronary artery disease

The damage in the heart’s major blood
vessels or any disease that occurs in the
blood vessels.

Peripheral artery disease

The blood Vessels are narrowed which
indeed reduces flow of blood in the limbs.

Stroke

Interruption of blood supply to the brain.




1.2 DATA ANALYTICS IN HEART DISEASE PREDICTION

Data analytics and data mining algorithms have been used across various datasets to
extract patterns and predict the occurrence of heart diseases by numerous papers.

The most commonly used algorithms have been SVM, Logistic Regression, Naive Bayes,
KNN and decision tree, out of which SVM and Logistic regression have been known to
give more accurate results. Some papers have also used Hadoop based MapReduce and
HDFS algorithms tostore data across different nodes and run the system parallelly.

The most commonly used attributes against the datasets have been Blood pressure and

heart rate and the age group used in the datasets is generally over the age of 30.

Although all known papers have used the above-mentioned algorithms, none have
employed deeplearning in their studies, which tends to give a higher accuracy rate. Our
system, along with all these algorithms uses a deep neural network and more attributes
like cholesterol, angina, age, sexetc. for more accurate prediction.

1.3 MOTIVATION

Disease predication systems are best practices for eliminating human errors in disease.
And aiding in disease prevention through early identifications Diagnosis of cardiac arrest
Based on patients’ health record characteristics is a multidimensional decision-life styling
The motivation for heart disease predication is to reduce the number of people who death.
And to reduce the number of people who die from heart disease. Which is the leading the
Cause of death worldwide health organization, nearly 20 million people will die from heart
Disease by 2030. Disease predication System can help prevent disease by identifying it

Early, which can help to reduce human error diagnosis. For example, machine learnings



It is well known fact that patients when affected with heart disease are subjected to lot of
tests likeECG, EKG, and so on. But these tests are carried out only when the person gets
chest pain or kindof symptom leading to heart disease. In today’s world there are lot of
body wearable devices whichcould give the pulse rate, Blood pressure and so. There is
nothing like person would get heart disease only after the age of 40. The current
generation is under lot of stress and pressure due to work and other factors. So, there is
an urgent need to perform data analysis of the physiological parameter towards possibility
of heart disease before heart attack happens. So, towards this someamount of research
carried out by employing Machine learning algorithm for prediction of heart disease like

Regression, KNN, SVM, Bayes, Decision Tree and so on.

So, with the upcoming Deep learning, we here have proposed to develop a heart disease
predictionsystem with highest accuracy as compared to other machine learning algorithm
based on thirteen physiological parameters as compared to most important ones which

are heart rate, age and sex alone.

1.3 PROPOSED RESEARCH

Based on above mentioned motivation, we here have proposed to develop a Deep
learning-based prediction system of heart diseases which would be based on historical
physiological data set. It isclear that good amount of work done in the past in predicting
heart diseases with the help of machine learning algorithms like SVM, Regression, Bayes,
KNN and even Atrtificial Neural Network. Most of the system have taken two parameters
like heart rate, age and so. But we in ourwork are taking thirteen parameters including

cholesterol, Blood pressure, heart rate which is unique in prediction of heart disease.

So our system encompasses the Deep Learning framework called Deep Artificial Neural
Networkfor prediction of heart disease based on physiological data set of people based
on age group and sex which includes thirteen parameters like cholesterol, resting BP,
resting ECG, maximum heartrate, age, sex, chest pain, fasting blood sugar, exercise
included angina, number of major vessel, slope of peak exercise, thalassemia,
depression. This is compared with other machine learning algorithms like SVM, Bayes,

KNN, Decision Tree, Random Forest, Logistic Regression and ANNfor prediction of heart
4



1.4 RESEARCH OBJECTIVES

The major objective of our project work is focused on the following

e Collection of heart disease related data set and preprocessed

o Validation of SVM, Regression, Bayes, KNN algorithm for heart disease prediction
on thedataset.

e Validation of random forest and decision tree on the given set of data for heart
diseaseprediction

¢ Validation of ANN and Deep Neural Network on data set for prediction of heart disease.

e Accuracy as well as error computation on above mentioned algorithm

Comparative analysis of algorithm in terms of accuracy

1.5 REPORT ORAGANISATION

This report deals with various the aspect of the proposed system. We begin with chapter
1 that gives the basic overview of the project. It explains how data analytics is used in
heart disease prediction and gives our research objectives. Chapter 2 starts with
explaining all the different research papers that gave us ideas to carry forward their work.
These papers gave us a strong background. The next chapter analyses the present
system as well as the proposed system. It givesa basic idea as to how the project will work
and what objectives it will work with. It also specifiesall the algorithms used in the project.
In chapter 4 we have described the data set used, its attributes,workflow of the system and
system architecture. Chapter 5 gives the hardware and software requirements along with
testing. Chapter 6 gives the results and accuracy of our project. Conclusion gives us a
review about this project and describes about how this system is useful to the society.
Next chapter deals with the enhancements of this project and how it can be modified for

better results and the last chapter lists the references.



CHAPTER 2

LITERATURE REVIEW

Purshottam [1] did the work of Predicting Heart Disease using the model of Multiple
Regression,which implied that Multiple Linear Regression was more suitable for heart
disease prediction. Thedataset used, consisted of 3000 entries with 13 attributes and was
partitioned into training and testing, where training data was 70% and testing data was
30%. Upon considering the results, it was concluded that the regression algorithm was
more accurate than others.

Krishanan, [2] did the prediction using SMO, j48, KStar, Multilayer perception and Bayes
Net usingWEKA. From the results of the prediction, it was found that the performance of
Bayes Net and SMO was optimum, by using the k-fold cross validation technique .The
other algorithms did not give satisfactory performance. Hence, accuracy performance

was improved for better diagnostic decisions.

Soumen Nikhel, [3] focused on predicting general chronic diseases rather than just heart
disease prediction. She utilized the hospital health records by data mining using Decision
tree, Support Vector Machine (SVM), Artificial Neural Network and Naive Bayes. From
this prediction, on applying the mentioned algorithms, it was concluded that highest
accuracy was given by SVM, while for diabetes, the highest accuracy rate was achieved

by Naive Bayes.

Aditi Sharma, [4] used various algorithms consisting of SVM, Classification Tree, Logistic
Regression, Naive Bayes, SVM, Naive Bayes, KNN and ANN. The highest accuracy rate

among these was attained by Logistic regression.

Avinash Singh [5] used data mining for heart disease prediction. WEKA was used for the
diagnosisof heart disease and to give service qualities in the healthcare centers. Various
algorithms like SVM, KNN, Naive Bayes, ANN, Association rule and Decision Tree. The
results suggested that SVM gave a higher accuracy rate than other algorithms and data

mining techniques.



L.Lakshman Rai, [6] Predicted and Analyzed the occurrence rate of Heart Disease Using
techniques of Data Mining. The primary aim of the paper was the prediction of the
occurrence of heart diseasesfor prior automatic diagnosis within the result in less time. It
utilized various factors like blood sugar, age, heart rate, sex to predict whether a person
is likely to have a heart disease or not. The analysis of data was done using WEKA.

Abhay Sinha, [7] used non- linear algorithms for classification. Some bigdata tools like
Mapreduceand HDFS along with SVM were used with an optimum set of attributes for the
prediction of heartdiseases. HDFS was used to store large datasets in separate nodes
and this distributed data was executed simultaneously in multiple nodes using SVM. Here,
SVM was used in a parallel fashion,which gave optimum computational time compared to

sequentially used SVM.

Susil Kumar, [8] proposed the use of machine learning and data mining algorithms for
heart disease prediction. The objective of this paper was to retrieve hidden patterns by
the application of techniques of data mining.The results showed that based on UCI data,

J48 had the highest rateof accuracy in comparison to LMT.

Anjani, [9] used data mining techniques for the prediction of heart diseases. This study
aidedthe medical practitioner to take better decisions based on a particular parameter.By
training and testing a particular parameter, it retrieved an accuracy rate of 86.3% in

testing, and an accuracy rate of 87.3% during training.

Akash Chandel, [10] also proposed a prediction of multiple disease using the techniques
of data mining. These days, data mining is being extensively used for multi disease
prediction, as the number of tests is subsequently reduced. The study majorly focused on

predicting breast cancer, heart diseases and diabetes etc.



CHAPTER 3

SYSTEM ANALYSIS

3.1OVERVIEW OF THE SYSTEM

Heart Disease prediction is done at hospital based on patient visiting hospital based
on currentheart condition like high pulse rate, chest pain or so. Accordingly, patient is
tested for heart blockage using ECG, Angiogram and so. Based on the test, patient is

treated by performing pacemaker, Angioplasty and so.

Now with ever increasing pressure of work and stress, there is no such thing that hear
problemcomes only after age of 50 or so. Now even adults at the age of 20, 30s, 40s
get heart disease due to work pressure and stress. Some even get in their childhood
too. So, there is an urgent need to come with an automated medical diagnosis system
for heart disease based onphysiological data based on Blood pressure, heart rate,
blood sugar, cholesterol and so for predicting the heart disease. Some amount of work
done by applying machine learning algorithm based on data collected for predicting
the heart disease using algorithms like Regression, SVM, Bayes, KNN, Decision Tree

and ANN for heart disease prediction.

But in all these systems, only few parameters taken for prediction which are heart
rate, age and so. Also none have tried using Deep neural network in thus field of heart
disease prediction. So, we in this work have applied Deep Neural Network for the
heart disease prediction based on 13 physiological parameters and compared with
other algorithms like Regression, SVM, Bayes, KNN, Decision Tree, Random Forest

and ANN in terms of error and accuracy.

Now for our work , we have taken dataset that was publicly available on Kaggle for
predictingthe heart diseases. The parameters used as input for data analysis using

Machine learning algorithm are as follows:



—

. age: which is taken in years

2. sex: 1 for male, O for female

w

. c¢p: short for chest pain.

4. trestbps: blood
pressure taken when
the body is resting

5. chol: level of cholesterol
6. Fasting blood sugar: (1 for true; O for false)
7. resting electrocardiographic
resultsValue 0: normal
Value 1: having the ST-T wave which is not normal
Value 2: shows the probability of having left ventricular hypertrophy
8. thalach: the max level of heart beats achieved by the heart
9. exercise induced angina: 1 for yes; 0 for no
10. oldpeak = the depression by exercise compared to the one at rest

11.slope: peak of the ST segment during

exerciseValue 1: no slope
Value 2: straight line

Value 3: down sloping



12.ca: major vessels (0-3) coloured by fluoroscopy

13.thal: 3 = perfect; 6 = permanently defected; 7 = defect that can be altered

14.num: heart disease diagnosis

3.2 ADVANTAGES OF THE SYSTEM

e Our study focuses not only on Blood pressure and heart rate of the patient, but
also on other factors like age, sex, angina, chest pain location, cholesterol etc., that

are not usuallytaken in consideration.

e With a greater number of attributes against which the system is being
tested andtrained, the data can be divided into various clusters according to
different factors

e Our system tends to predict when the chances of occurrence of heart disease
are more,prior to the actual occurrence, unlike other systems, which generate

an alert only whenthe extreme values have been attained.

o Our system divides the data according to factors like age and sex.

e Deep Neural Network has been used in our system, which hasn't been
employed inany other paper dealing with heart disease prediction, yet. DNN

has the highest accuracy among all.

e Our system uses all the viable machine learning and data mining

algorithms.

10



3.3 MACHINE LEARNING ALGORITHMS

In this work, eight machine leaning algorithms which include Random Forest, SVM,
Decision Tree, Naive Bayes, ANN, KNN, Logistic Regression and Deep Neural
Network was employed. These algorithms are used to unfold a prediction system
which will analyze and predict whether the particular patient is pertaining to any heart
disease or not with best accuracy.

3.3.1 Support Vector Machine

1. The main objective of the support vector machine algorithm is finding
hyperplane that distinctly plots and classifies data that is plotted in an
N-dimensional space.

>
X4

Fig.3.1: Possible hyperplanes
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Fig.3.2: Hyperplane with maximum margin

The two classes are separated by choosing hyperplanes from the possible one.
Our majorobjective here, would be to find the plane containing the maximum margin
of all the planes,

i.e. finding the data points with max distance between the two classes. When we
maximizethis margin, the distance provides us with more accurate classification

when future data points are plotted.

SVM are basically of two types:

1. Linear SVM: It given us a linear hyperplane that distinguishes the classes. The
objective for us is to maximize the distance of the hyperplane to the point of the

classes should be maximized.

2. Non-Linear SVM: It has a non-linear hyperplane, and depicts a graph which is
closer to the real-world scenario.

12



3.3.2 Naive Bayes

It is a machine learning technique that works on the strategy of the Bayes’ Theorem. It
basicallyassumes that there would be no attributes dependent on each other. It is a
group of algorithms that have a common principle that every feature is independent of
the other. Bayes’ Theorem tells us the probability of an event that will occur when

another event has already occurred. Themathematical equation is:
Probability(alz) = (Probability(zla) * Probability(a)) /
Probability(z) Where

Probability(a|z): Gives us the probability of a (the hypothesis) gives the data is a.

Probability (z|a): Gives the probability of the data when the hypothesis is true.

Probability (a): Regardless of the data, the hypothesis is said to be true.

Probability (d): Regardless if the data, the probability of the hypothesis is given.

Naive Bayes Learner

> PRI
>
Naive Bayes
File Reader Partitioning learn the naive Predictor Scorer
> bayes model — >
> » >
L (o @ L »
@
read data split training set use naive bayes score result
from test data model to predict classes

Fig.3.3: Naive bayes

13



3.3.3 KNN

K nearest neighbors abbreviated as KNN is an algorithm that clusters data into classes
and then classifies it as per their similarity measures. Classification is based on the
majority of the votes toits neighbors. Data is assigned to the classes that have the nearest
neighbors. As we increase the number of nearest neighbors, l.e. the value of k, the
accuracy might increase. KNN is broadly usedfor pattern recognition and statistical
prediction.

It divides the data into clusters, based upon the distance from the nearest neighbor.

Training instance

Distance

New example
to classify

Fig.3.4: KNN clustering
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3.3.4 Decision Tree

Decision Tree is one of the supervised learning algorithms. In this the data is continuously
split based on a certain parameter after which we end up getting the decision nodes and
the leaves. Whatmakes it different from the other supervised algorithms is that is can also
solve the regression andclassification problems easily. The main aim is to create a system
that can predict the results that we desire just by learning the decision rules from the prior

data, i.e., the training set.

/J Decision

QOutcome

Decision Decision
: Jutcome

Do l L

Nothing
Outcome o
Decision

Fig.3.5: Decision tree
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3.3.5 Random forest

Random Forest, just as the name suggest creates a number of random forest due to which
it is alsocalled the random decision forest. It is one of the supervised learning algorithms.
It builds randomforests that are basically just a group of decision trees. It is mostly trained
with the bagging methodas it is the most efficient. What the bagging method does is, it
combines all the learning models which in turn helps us with the overall result. Just like

decision trees, it can be used for both, regression and classification problems.

Feature(f) Feature(f)
) 4 ) 4

Fig.3.6: Random forest with two trees

3.3.6 Logistic Regression

Logistic Regression is rather a predictive analysis. It is used to analyze the relation
between thedata among which one is a dependent variable and the other one is
independent. What logistic regression does is, it rounds off all the values of the results
to the closest binary value for the ease of prediction. This can sometimes cause a few
errors, and not predict very precisely. In order to remove this error, multiple regression

is used which helps in getting the closest to the

16



true result. Logistic Regression uses complex cost functions such as the ‘Sigmoid

function’. Inmachine learning sigmoid is used to predict the probabilities.

_1
l1+e™?

Sigmoid Function o(z) =

-10 -5 0 5 10
z=2w,x; + bias

Fig.3.7: Sigmoid Function Graph

3.3.7 Artificial Neural Network (ANN)

An artificial neural network abbreviated as ANN is a model that works as the human brain
or neural network l.e. the neurons. It is called a computational model that processes all
the complexdata. It isn’t given any task specific goal, but it learns from the examples or
data that is given to itjust like the brain. It is based on a collection of nodes called the
artificial neuron. More the no. Ofneurons, better the system. The neurons transmit signals
from one to another making a proper connection which resembles the human neural

network. A neural network has the following 3 layers:

e Input layer — It consists of the complex raw info that we feed to the neurons.

17



e Hidden layer — These are the computational layers which take the input and the
weight of a node from the previous layers, processes it with the activation function,
and sends the output to the next layer.

e Output layer — This depends of the output of the hidden layers, and the functions
taking place in there.

o

dendrites /

cell body

output

synapse synapses

Fig.3.8: ANN

The basic computational unit is the neuron. It receives inputs from the sources provided,
and eachinput carries a weight, which is given according to the relative importance of all
the other inputs. Then the function is applied to it as shown in figure 3.8.

This function is called the Activation function which basically introduces non-linearity to
the function and sends it in the form of the output. The function used in our module is
the sigmoid

18



which takes inputs as real values and further fits them in the range of 0 to 1. The equation is: o(x)
=1/(1 + exp(—x))

3.4 Xg-booster

Xg-boosters is shorting’s Extremes Gradient Boosting. Xg-Boost are ensembles Methods
depending on Decision-trees that developed Out a Stronglylearnings from Several Weeks
learnings. Xg-Boost Algorithms are usings boosters the performing of the Models that is
usings to providing good accuracies. In Decisions Trees are Developing Sequential.
Weights are Randomly assigning to Each-all Features that are Independents Each
Other’s and feedings too Decisions-trees that Predicting the Results. The Weights of
Wrongs Predictions Features Decisions-trees are increasing thus Features are sending
to the Nest Decision trees. The correctness predictions Weights Features inside
Decisions-trees are reducing. This processing are continuously Sequentially until
corrections Results are predictions. Systems These independent Classifiers then
combines Producers a strongly and More precisions Models. Booster is usings for Solving
both regress and classifiers Problems.

3.5 Ada-boost:

Ada-Booster are shootings for Adaptiveness Boastings are a wider accepting booster
Techniques that's are combinations Multiplex Weaks Classifier's to building a strongly
classifieds. that has assignees by developing’s a Models are using a Series of weeks
Models. Ada-Booster developed a binaries Classifiers’ selectees Trainings Subbranches
Randomly and builds a developing. Models. That’s iteratively Trains the Ada-Booster
Machines Learnings Model by Selected the Trained Sets depends in accuracies Predicts
of the latest Traineds.That has been assigning the highest Weights to Erroneousness
classifiers Observer so that is forward Iterations thus Observer so that’s having a highest
Prospect classified. That's completely to correcting the Errors Presents in starting Models.
assigning Weights too bee Trainings classifieds is Every-all Iterations According to the

accuracies of the classifiers. The Must Acerating’s Classifying’s will be getting.

19



CHAPTER 4

SYSTEM DESIGN

This chapter gives the system architecture of our project towards heart disease analysis using
MachinelLearning. Followed by the architecture, we give the Data Flow Diagram and Data set
used.

4.1 SYSTEM ARCHITECTURE

Fig.4.1: System Architecture

The above architecture shows only 3 machine learning algorithms. But our work here uses a
total of 8 algorithms. For the training set, we included 80% of the data, and for the testing we
used 20% of the data. We test the model with all the 8 algorithms and check the accuracy.
The one that best fits, and gives us the most accuracy is the one which can be used to for
further work in this field.
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4.2 DATA FLOW DIAGRAM

Get dataset Create training set and testing
1 set
Preprocess dataset l .
(replace missing value, etc.) Apply Superw.sed Learning
Algorithm
Analyze dataset for different l
type of Machine Learning Do cross-validation
Algorithm l
l Show the accuracy

No If supervised Yes
?

Fig.4.2: Data flow diagramof

the workflow of our system: Explanation

1) Our system is first divided into training and testing data..
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2)
3)

4)

5)
6)

7)

8)

9)

The training data is 70% and is given supervised inputs and outputs.
The testing data is 30% and shows us how well the system is trained.

The dataset we have chosen consists of 13 attributes according to which
variousalgorithms perform their calculations and approximations.

The system starts with first pre processing of the dataset we have fed to it.
It studies and analysis it, and then applies the required machine learning algorithm.

If it finds that the dataset is supervised, it will separate it into training data and
testingdata.

Otherwise it will stop.

The algorithms we are using, are all supervised.

10) After the application of algorithm, internal validation is done .

11) Accuracy is printed in the code itself.

12) Different accuracy is given for different algorithms.

13) We compare the accuracies of all the algorithms and the algorithm that gives the

highestaccuracy is the one, which is chosen for prediction, eventually.

14) In our system, the algorithm that gets the highest accuracy rate is DNN.
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CHAPTER 5

CODING & TESTING

5.1 SOFTWARE REQUIREMENTS

1. Anaconda- Itis an open source software available to us which enables us to easily
code inusing python or R on different operating systems such as the windows, Linux,
and Mc OS. It has millions of users worldwide, and is well known as the industry which
helps us in developing systems, testing them, and training the machines. This further
enables us to:

« Manage all the imported libraries, their dependencies, and the environments of
developingwith Anaconda.

« In developing techniques to train our machine with TensorFlow, scikit-learn, etc.

e Analyze the datasets and manipulate the with Dask, NumPy, pandas, and Numba
« Visualize or plot the results with Matplotlib, Holoviews, Bokeh, and Datashader.

It also provides us with jupyter notebooks which has all the in-built libraries embedded
in thealready. This eases our coding stress, and also helps us code with more

efficiency.

2. Python: The most abundantly used general level programming language. It is used
for botha small scale and big scale systems. It can easily be interpreted. It is said to
support multiple programming paradigms. It includes features of procedural, object-
oriented, and functional programming together. It is already garbage-collected which

makes it more efficient.

3. Numpy- It is a python programming library. This basically helps us deal with large
datasets, matrices, and multi-dimensional arrays. It also provides us with a number of
mathematical functions which help us and ease the calculations. It is an open-source
softwareavailable to all.

4. Pandas- It is a library that is written in python language. It helps us with the
analyzing ofdata. It also provides us with tools and functions to manipulate a large

amount of data.
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5. Sklearn- It is a library used in machine learning in python programming language.
It mainly helps us with the classification of data, regression of models, and in clustering
algorithms. These algorithms include SVM, random forest etc.

6. Tensorflow- It is a highly know open-source software, which is free and available
to all. It is used for differentiable programming with a large number of tasks. It is used
against largedata sets to help us with the dataflow, and its manipulation. It is a basically
a math library withvarious features.

5.2 OBJECTIVES AND TYPES OF TESTING

Testing is performed so that we can locate problems. It is the method of identifying all
possible faults of any system. Also, it acts as method to test the functionality of all the
individual components and the system as a whole. It is the process of verifying that the
hardware system performs its functionalities and meets user needs and expectations.
Testing ensures that even if theproduct fails, it fails in a controlled condition that can be
managed later. There are various types of test. Each of the test is used to address a

particular testing needs.

5.2.1 UNIT TESTING

This testing includes the creation of test scenarios that verify that program is working in
the way it supposed to. In this type of testing, the objective is to validate that each module
or unit is performing the tasks that it is supposed to do. A unit is the smallest part that has

to be tested.

5.2.2 INTEGRATION TESTING

These tests are made just to check the different parts after they have been integrated to
determinewhether they are functioning properly as a unit or not. This type of testing is
driven by events andis more curious about the outcomes of the component as a whole.
Integration tests show that although the components are working properly as individual

but also the combination of components is also working properly.
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5.2.1 FUNCTIONAL TESTING

These kinds of tests provide systematic demonstration of the functions tested and the
proof of theirfunctioning being successful. Functional testing is targeted at a valid input,
invalid input, functions,output, procedures. The preparation on functional tests is focused
around the requirements, key functionalities, different and extreme test cases

5.2.2 SYSTEM TESTING

This type of tests tells us whether the whole system after all its parts have been joined
together meets the need of shareholders. It checks and confirms the known and expected
results. These kinds of testing are done to check whether the system delivers what it was

supposed to. It checks whether the all the parts work well with each other or not.

5.2.3 WHITE BOX TESTING

It is done in a way such that the tester has information about all the components,
workings, structure and architecture of the hardware/software. It is used for deep level
testing to ensure thatthose places that are not accessible by a black box test are covered
in white box testing. It basicallymeans that there shall be no blind spots in the system.

5.2.4 BLACK BOX TESTING

Here the testing that is done on the software/hardware by someone who has no information
on howto operate it. Before a product is developed some documentation is done, they
include requirementanalysis document that has all the details about what a product must
be. Now these tests are basedon those sources only. Imagine a black colored box, you
cannot see into it. You know nothing about what it contains. This is exactly how the testing
is done.
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5.3 TESTING IN MACHINE LEARNING

Very easily put, machine learning is a type of system/application which is based upon
models that use prediction and analysis. Building these systems is a hard task, but testing
and validating the entire system is even more difficult. Traditional methods of testing are
always based on stationary inputs. The output will also be fixed as the input remains fixed,
but in the case of machine learning, the system is built along with the input, which will
change or modify as we come to know more and more about it, therefore unlike the
traditional system, the output here will never remain fixed. Hence, the strategies for

testing a machine learning system have to bea bit different.

Below are some of these strategies mentioned that can be used in testing the machine

learning systems:

1. Development of training datasets:

Here, a subset of dataset is used for training purpose, which means it is used
to train the system to obtain the given prediction. It is supervise, i.e., the output

is given alongwith the input.

2. Development of testing data sets:

The testing data set is a training data subset that is built in an intelligent way
to checkhow robustly our system has been trained and to check all the
combinations that are possible. The resultant model will be finely tuned

according to the outputs of the testing dataset.

3. Development of validation and correction test suite:
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This is based on algorithms and test datasets. For eg, in our system scenarios
consist of clustering results based upon different factors/attributes and creating

profiles of riskdepending upon behaviors and demography.

Understanding the algorithm:

All of this is dependent upon calculations and how different algorithms use
different calculations. Some algorithms like regression based algorithms give
some numeric results regressively, or continuously. On the other hand, there are
some algorithms thatcalculate the results by dividing the outcomes into different
parts or behaviors, and then some algorithms create multiple layers between
the input and output layer.

Continuous numeric variables such as return on investment.

Using Statistics for conveying the results

Outcomes are generally predicted in the form of working model, or a numeric
value ora working interface or something like that. But in machine learning, the
use of bars, histograms and other statistical diagrams is used to depict the

prediction or analysis ina more comparative or mathematical way.

The machine learning models will usually have approximate, and not actual
results upon validation. In conclusion, software testing is as crucial and
important a task in machine learning, as is in any other traditional system, but
unlike those systems , ourtesting is based on more dynamic factors and
generally will produce a relative or approximate result which can be best shown

statistically.

27



5.4 TEST CASES

Table 5.1 Test Cases

SR TEST TEST CASE EXAMPLE TEST CASE| EXPECTE
Ng,| CASE DESCRIPTIO &
NAME N OUTPUT
1. Equivalenc This divides Our dataset can be If valid:
e the input data divided into two Successf
Partitionin of a software classeson the basis ullf
g unit into of the number invalid:
partitions of mapped with state. Unsuccessful
equivalent The valid partitions are :
data from Mapped State
which test Valid | Invalid
cases can be 0.1 Any no.
derived. other than
0,1
2. Boundar In this we focus We want to test the If valid:
yValue onthe boundary | valueof the age to be Successf
Analysis values of the a positive integer. ullf
various valid and invalid:
invalid inputs. Unsuccessful
3. Data input To check what Instead of giving the The code must
happens when inputin O's and 1’s. The throw an error
datais inputted in | data isfed into the pertaining to
the wrong system as alphabets. change of
format. For example Sex of the formatof the
person. data
inputted.
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For thalach
If it is <120 (0) =

lowthalach

Else ifitis >140 (1)
=high thalach

Else (2) = normal thalach

Depending on
thevalue of
thalach the
testing of data
set takes place.
Ifnegative value
is entered then

throw error.

For trestbp

If <80 and >120
=Normal

Else if < 120 = High

Blood pressure

If negative
valueis
entered then

throw error.
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CHAPTER 6
RESULTS AND ANALYSIS

This chapter discusses the comparative analysis of different machine learning towards
the prediction of heart disease. In addition we also have give the graphical representation

of data set on basis of age, Serum cholesterol, BP and so on .

6.1 DATA SET

For eg: Our system here, uses a dataset to predict the occurrence of heart diseases by
dividing the dataset into test data and training data. 70% data is used for training and
the rest 30% is used for testing. Now, the input used in our case is the attributes we
have used that correspondto factors that result in heart diseases. The output would
be a binary digit indicating whether a person is susceptible to heart diseases or
Not.The algorithms used in the system for prediction, are learning algorithms which
will alwayschange over periods of time based on various input factors . Therefore, the

results might change when we learn even more about the data fed as input.
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11
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17

18

age sex cp

63 1 3
37 1 2
44 0 1
56 1 1
5 0 0
57 1 0
56 0 1
44 1 1
52 1 2
57 1 2
54 1 0
43 0 2
449 1 1
64 1 3
88 O 3
50 0 2
2 0 2
66 O 3
43 1 0

irestbps
145
130
130
120
120
140
140
120
172
150
140
130
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110

120

120

chol

233

204

236

275

266

211

283

219

340

226

247
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restecg
0

1

thalach

150

187

172

178

163

143

173

162

174

160

139

171

144

162

171

exang

0

0

Fig.6.1: Data set used
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For our system, we have taken dataset that was publicly available on Kaggle for

predictingthe heart diseases. The parameters used as input for data analysis using

Machine learning algorithm are as follows:

L.

Value

age: which is taken in years

sex: 1 for male, O for female

cp: short for chest pain

trestbps: blood pressure taken when the body is resting

chol: level of cholesterol
fasting blood sugar: (1 for true; O for false)

resting electrocardiographic

resultsValue 0: normal

1: having the ST-T wave which is not normal

Value 2: shows the probability of having left ventricular hypertrophy

10.

1.

thalach: the max level of heartbeats achieved by heart

exercise induced angina: 1 for yes, 0 for no
oldpeak: the depression by exercise compared to the one at rest

slope: peak of the ST segment during

exerciseValue 1: no slope

Value 2: straight line Value 3: down
32



6.2 METRICS FOR PERFORMANCE ANALYSIS

The implementation of the machine learning algorithms are compared to identify the best
algorithm for the prediction of the occurrence of flood. Before the results, a brief explanation

aboutthe confusion matrix, accuracy and other terms is given below.

Confusion Matrix: It is a binary classifier. A confusion matrix can be of any size depending
uponthe different number of parameters inputted (labels in our case). The confusion

matrix in our caseis a 2x2 matrix.

Table 6.1 Confusion Matrix
TP FN

FP TN

TP-True Positive, FN-False Negative, FP-False Positive, TN-True Negative

TP and TN denote the number of instances which have been correctly classified as no
flood occurrence and flood occurrence respectively. FP and FN signify the number of
instances which have been wrongly classified as no flood occurrence and flood

occurrence respectively.

Accuracy: The accuracy can be calculated with the help of the formula given below.

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

Precision: Termed as the positive predictive value, it is calculated as given below.

Precision = TP/(TP + FP)

Recall: Also called as sensitivity, it is calculated as given below.

Recall = TP/(TP + FN)
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F1 score = 2 x (Precision * Recall)/(Precision + Recall)

MCC: Matthews Correlation Coefficient considers all four divisions of the confusion matrix
whencalculated. MCC lies within the range -1 to +1 where a model with a positive score

is consideredto be perfect whereas the negative score is poor. This makes this metric
really useful as it is easy to interpret

MCC = (TP * TN = FP x FN)N((TP + FP) (TP + FN) = (TN + FP) (TN + FN))

6.3 PERFORMANCE OF MACHINE LEARNING ALGORITHMS

6.3.1 SVM RESULTS

ACCURACY: 0.8852
RECALL: 0.8666

PRECISION:0.89

65MCC:0.84699
Table 6.2 SVM Confusion Matrix
Actual Value Actual Value
Positive Negative
Predicted Value True TP:26 FN:28
Predicted Value False FP:3 TN:4
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model = train_model(x_train, y_train, x_test, y_test, SVC, C=0.85, kernel='linear')

4

Confusion matrix
[[26 4]
[ 328]]

Train accuracy: 83.06%
Test accuracy: 88.52%

Fig.6.2: SVM Results

6.3.2 NAIVE BAYES RESULTS

ACCURACY: 0.8852
RECALL: 0.9

PRECISION: 0.8666

MCC: 0.2104
Table 6.3 Naive Bayes Confusion Matrix
Actual Value Actual Value
Positive Negative
Predicted Value True TP:26 FN:27
Predicted Value False FP:4 TN:4
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model = train_model(x_tra

Confusion matrix
[[26 4]
[ 4 27]]

Train accuracy: 82.64%

Test accuracy: 86.89%

Fig.6.3: Naive Bayes Results

6.3.3 KNN RESULTS

ACCURACY: 0.639

RECALL:0.4666
PRECISION:0.76
MCC:0.7465
Table 6.4 KNN Confusion Matrix
Actual Value Actual Value
Positive Negative
Predicated Value True TP: 14 TN: 16
Predicated Value False FP: 6 FN: 25
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Confusion matrix
[[14 16]
[ 6 25]]

Train accuracy: 76.86%

Test accuracy: 63.93%

Fig.6.4: KNN Results

6.3.4 DECISION TREE RESULTS
ACCURACY: 0.8033

RECALL: 0.7666

PRECISION:

0.821MCC:0.271

Table 6.5 Decision tree Confusion matrix

Actual Value Actual Value

Positive Negative
Predicted Value True TP:23 TN:7
Predicted Value False FP:5 FN:26
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Confusion matrix

[[23 7]

[ 5 26]]

Train accuracy: 100.00%

Test accuracy: 80.33%

Fig.6.5: Decision Tree Results

6.3.5 RANDOM FOREST RESULTS

ACCURACY:
0.7734RECALL:0.8

PRECISION:0.8125

MCC:0.6607
Table 6.6 Random Forest Confusion Matrix
Actual Value Actual Value
Positive Negative
Predicted Value True TP:24 FN:23
Predicted Value False FP:8 TN:6

38



from sklearn.preprocessing import StandardScaler

sc = StandardScaler()
x_train = sc.fit_transform(x_train)
x_test = sc.transform(x_test)

from sklearn.ensemble import RandomForestRegressor

regressor = RandomForestRegressor(n_estimators=206, random_state=7)

regressor.fit(x_train, y_train)

y_pred = regressor.predict(x_test)

for 1 in range(len(y_pred)):
if y_pred[i]>=0.5:

y_pred[i]=1
else:
y_pred[i]=90

Fig.6.6: Random Forest Results

6.3.6 LOGISTIC REGRESSION RESULTS

ACCURACY:0.906
RECALL:0.8666
PRECISION:0.9285

MCC:0.6394
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Table 6.7 Logistic Regression Confusion Matrix

Actual Value Actual Value
Positive Negative
Predicated Values True TP: 26 TN: 29
Predicated Values False FP: 2 FN: 4
model = train_model(x_train, y_train, x_test, y_test, LogisticRegress

Confusion matrix
[[26 4]
[ 2 29]]

Train accuracy: 83.47%

Test accuracy: 90.16%

Fig.6.7: Logistic Regression Results
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6.3.7 ANN RESULTS

ACCURACY: 0.8852
RECALL: 0.8666

PRECISION:0.89

65MCC:0.84699
Table 6.8 ANN Confusion Matrix
Actual Value Actual Value
Positive Negative
Predicted Value True TP:26 FN:28
Predicted Value False FP:3 TN:4
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from sklearn.metrics import make_scorer, acc uracy_score

from sklearn.model_selection import GridSearchCV

1
from sklearn.neural_network import MLPClassifier

1)
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parameters = {'solver’': ['lbfgs'], 'alpha':[1e-4], 'hidden_layer_size

(%]
fo
S
H
&

'random_state' :[1]}

grid_obj = GridSearchCV(ann_clf, parameters, scoring=acc_scorer)

C

rid_obj = grid_obj.fit(x_train, y_train)

d_obj.best_estimator_

y_pred_ann = ann_clf.predict(x_test)

b, —

-
from sklearn.metrics

import confusion_matrix

cm_ann = confusion_matrix(y_test, y_pred_ann)

array([[26, 4],
[ 3, 28]])

ann_result = accuracy_score(y_test, y_pred_ann)

0.8852459016393442

Fig.6.8: ANN Results
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6.8 XG-boost

ACCURACY: 0.918
RECALL: 0.960

PRECISION:0.857

MCC:0.905
Table 6.9 Xg-boost Confusion Matrix
Actual Value Actual Value
Positive Negative
Predicted Value True TP:32 FN:1
Predicted Value False FP:4 TN:24
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# Tuning

tuned model = xgboost.XGBClassifier(gamma=3, learning rate=0.05, use label encoder=False)
tuned model.fit(X train, y train, eval metric='error')

XGBClassifier(base score=@.5, booster='gbtree', colsample bylevel=1,
colsample bynode=1, colsample bytree=1, enable categorical=False,
gamma=3, gpu 1d=-1, importance type=Hone,
interaction constraints="", learning rate=0.05, max delta step=0,
max_depth=6, min child weight=1, missing=nan,
monotone constraints="()", n estimators=100, n_jobs=4,
num parallel tree=1, predictor="auto’, random state=8,
reg alpha=0, reg lambda=1, scale pos weight=1, subsample=1,
tree method="exact’, use label encoder=False,
validate parameters=1, verbosity=None)

print("Training accuracy: ", accuracy score(tuned model.predict(X train), y train))
y_pred tuned = tuned model.predict(X test)
print("Test accuracy: ", accuracy score(y pred tuned, y test))

Training accuracy: ©.910377358490566
Test accuracy: 0.8351648351648352

Fig.6.9: Xg-boost Results

44



6.10 Ada-booster:

ACCURACY: 0.829
PRECISION: 0.860
RECALL: 0.841

MCC: 0.841

Table 6.10 Ada-boost Confusion Matrix

Actual Value

Actual Value

Positive:

Negative

Predicated Value

True

TP:26

TN:6

Predicated Value

False

FP:7

FN:37

$00

r~
v

P

! Upconing

N
(1)

Home Page - Select orcesiea - X Random forest - Ayter Notebe X | 4

locakh

ost:

B inpotiaortes M Gral @ touTive B Maps 2] Lenmo

1 estinators=1,nax depth=j,max features=k)

ediction,y_test)

n_estinators = i
max_degth = j
max_features = k
max n = o
max_pris=prfs

(i)s" "sstr(j)e" “sstr(k)s" “+str(naxin))

14 14 12 9.8947368421852632

Confusion Matrix: [[24 6]
[937]

Python 3 fpykemel) O

= train test split(x,y,test_size=8.25,randon state=g)

Hoeo MuOuCBOUOG@O ra

Fig.6.10: Ada-boost Results
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Table 6.11 Accuracy Comparisons of Algorithms

ML Algorithms Accuracy
Xg-boost 81.3%
Ada-boost 72.66%
SVM 80.2%
KNN 67.21%
Decision Tree 75.8%
ANN 72.66%
Random Forest 79.1%
Logistic Regression 79.1%
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6.4 RESULTS FROM THE TEST DATA SET:

We have done extrapolation of data set in regards to heart disease on basis of various
factors whichare Sex, Age, Blood pressure, Serum cholesterol and so.

% of men and women in our dataset

&
-

Fig. 6.11: Percentage of men and women in our dataset

risk of Men of having heartattack

risk of women having heartattack .

Fig. 6.12: Risk of men and women having a heart attack




ANALYSIS OF POSITIVE HEART ATTACK IN MEN OUT OF TOTAL MEN

% Men at risk

% Men not at risk

Fig. 6.13: Analysis of positive heart attack in men out of total men

ANALYSIS OF POSITIVE HEART ATTACK IN WOMEN OUT OF TOTAL WOMEN

% Women not at risk

% Women at risk

Fig. 6.14: Analysis of positive heart attack in women out of total women
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distribution of people count vs age

number of person

30 40 50 B0 70

agelin years)

Fig.6.15: Distribution of people vs age
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Fig.6.16: Age
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distribution serum cholesterol in mgy/dl

200 300 400 500
serum cholesterol in mag/fdl

Fig.6.17: Distribution serum cholesterol in mg/d|
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Fig.6.18: Cholestrol
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distribution of maximum heart rate achieved

80 100 120 140 1ad 180 200

maximum heart rate achieved

Fig.6.19: Distribution of maximum heart rate achieved
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Fig.6.20: Thalach
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distribution of resting blood pressure (in mm Hg on admission to the hospital)

m_

100 120 140 160 180 200
resting blood pressure {in mm Hg on admission to the hospital)

Fig.6.21: Distribution of resting blood pressure
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Fig.6.22: Trestbps
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CHAPTER 7
CONCLUSION AND FUTURE WORK

7.1 CONCLUDING REMARKS

In Conclusion, XG-boost shows great potential in predictive analysis. As per the results
of the so far analysis, XG-boost is the best algorithm that can predict the output as it has
the highest accuracy. XG-boost shows great potential in predictive analysis when fed with
a very large data set, and keeps improving the accuracy as and when you keep training
it. Given more data sets to the system, it can train itself much better and would be of great
use in predicting the heart diseases much aheadof it being critical. This when fed with a
very large data set, and keeps improving the accuracy asand when you keep training it.
Given more data sets to the system, it can train itself much better and would be of great

use in predicting the heart diseases much ahead of it being critical.

7.2 FUTURE WORK

The work done here trains the system with a limited number of datasets. The machine
learning algorithms become more accurate once they are fed with a huge number of data
sets. So, this system can be trained with a huge number of data sets that would increase
the accuracy in predicting the heart diseases. The analysis part of the system is done, and
in order to be more usefulcan be integrated with electronic systems which give the system
real-time inputs and would help the patient get the results then and there. There are
multiple combinations of algorithms that can be tested against these data sets in order to
yield better results.
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APPENDIX
A. Source code.

# 1 importing essential libraries
import numpy as np
import pandas as pd
import matplotlib.pyplot as plt
import re
train = pd.read_csv("heart_disease_data.csv")
# loading data from heart.csv
train.dropna)
# deletes rows with empty cells
# Percentage of men and women in our dataset

label = 'Men'/Women' sizes = [0.6831, 0.3168] colors = ['gold','lightskyblue']
explode = (0.1, 0)

# explode 1st slice
# Plot

plt.pie(sizes, explode=explode, labels=label, colors=colors, autopct='%1.1f%%/,
shadow=True, startangle=140)

plt.title('% of men and women in our dataset\n\n\n')
plt.axis('equal’) plt.show()
# Plot of men at risk vs women at risk

label = 'risk of Men of having heartattack','risk of women having heartattack' sizes
= [(0.449), (0. 75)] colors = ['gold','lightskyblue'] explode = (0.08, 0)

# explode 1st slice
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# Plot

plt.pie(sizes, explode=explode, labels=label, colors=colors, autopct='%1.1f%%',
shadow=True, startangle=0) plt.axis('equal’)

plt.show()

# percentage of men at risk

slices_hours = [207-93, 93] activities = ['% Men not at risk’, '% Men at risk'] colors
=['r,'g,'b," y'] plt.pie(slices_hours, labels=activities, colors=colors, startangle=90,
autopct='%.1f%%'") plt.ti

tle('ANALYSIS OF POSITIVE HEART ATTACK IN MEN OUT OF TOTAL MEN')
plt.show( )

# percentage of women at risk

slices_hours = [96-72, 72] activities = [% Women not at risk’, '% Women at risk’]
colors = ['y','b' ] plt.pie(slices_hours, labels=activities, colors=colors, startangle=0,
autopct='%.1f%%') plt.title ('ANALYSIS OF POSITIVE HEART ATTACK IN
WOMEN OUT OF TOTAL WOMEN")

plt.s how()

# age distribution of people affected

import seaborn as sns

# seaborn histogram

sns.distplot(train['age'], hist=True, kde=False, bins=int(180/5), color = 'blue/,
hist_kws={'edgeco lor"'black'})

# Add labels

plt.title('distribution of people count vs age') plt.xlabel('age(in years)')
plt.ylabel('number of pers on')

plt.show() sns.distplot(train['age'])
# distribution of cholesterol level in affected people
sns.distplot(train['chol'], hist=True, kde=False, bins=int(200/5), color = 'blue’,

hist_kws={'edgec olor':'black’}) plt.title('distribution serum cholesterol in mg/dl')
plt.xlabel('serum cholesterol in m g/dl') plt.ylabel('count’)
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plt.show() sns.distplot(train['chol'])
# max heart rate distribution

sns.distplot(train['thalach'], hist=True, kde=False, bins=int(200/5), color = 'blue',
hist_kws={'ed gecolor':'black'}) plt.title('distribution of maximum heart rate
achieved') plt.xlabel('maximum hea rt rate achieved') plt.ylabel('count')

plt.show() sns.distplot(train['thalach'])
# resting heart rate distribution

sns.distplot(train['trestbps'], hist=True, kde=False, bins=int(100/5), color = 'blue’,
hist_kws={'ed gecolor':'red’}) plt.title('distribution of resting blood pressure (in mm
Hg on admission to the hos pital)') plt.xlabel('resting blood pressure (in mm Hg on
admission to the hospital)') plt.ylabel('cou nt')

plt.show() sns.distplot(train['trestbps'])
# IMPORTING REQUIRED LIBRARIES

from sklearn.linear_model import LogisticRegression from sklearn.svm import SVC
from sklear n.tree import DecisionTreeClassifier from sklearn.ensemble import
RandomForestClassifier fro m sklearn.neighbors import KNeighborsClassifier from
sklearn.naive_bayes import GaussianNB

# SPLITTING DATA

from sklearn.model_selection import train_test_split train1 = train.copy() feature_df

train1[["age","sex","cp","trestbps","thalach","chol","restecg","exang","oldpeak","slo
pe","ca","thal"]] X = n p.asarray(feature_df) y =
np.asarray(train["target"].astype('int')) x_train,x_test,y_train,y_test = tr

ain_test_split(x,y,test_size = 0.2,random_state = 5)
def train_model(x_train, y_train, x_test, y_test, classifier, **kwargs):
# instantiate model

model = classifier(**kwargs) # train model model.fit(x_train,y_train) y_pred =
model.predict(x_ test) from sklearn.metrics import  confusion_matrix
print("Confusion matrix") print(confusion_m atrix(y_test,y_pred))

# check accuracy and print out the results

fit_accuracy = model.score(x_train, y_train) test_accuracy = model.score(x_test,
y_test) print(f" Train accuracy: {fit_accuracy:0.2%}")

print(f"Test accuracy: {test_accuracy:0.2%}") return model
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# KNN
model = train_model(x_train, y_train, x_test, y_test, KNeighborsClassifier)
# Seek optimal 'n_neighbours' parameter

foriinrange(1,10): print("n_neigbors = "+str(i)) train_model(x_train, y_train, x_test,
y_test, K NeighborsClassifier, n_neighbors=i)

# Decision Tree

model = train_model(x_train, y_train, x_test, y_test, DecisionTreeClassifier,
random_state=2606 )

optimal 'max_depth' parameter

for i in range(1,8): print("max_depth = "+str(i)) train_model(x_train, y_train, x_test,
y_test, Deci sionTreeClassifier, max_depth=i, random_state=2606)

# LOGISTIC REGRESSION

model = train_model(x_train, y_train, x_test, y_test, LogisticRegression)
#Gaussian Naive Bayes

model = train_model(x_train, y_train, x_test, y_test, GaussianNB)

# Support Vector Machines

model = train_model(x_train, y_train, x_test, y_test, SVC)

# Support Vector Machine Linear

model = train_model(x_train, y_train, x_test, y_test, SVC, C=0.05, kernel='linear")
# Random Forests

model = train_model(x_train, y_train, x_test, y_test, RandomForestClassifier,
random_state=26 06)

# USING ANN Multilayer Perceptron Classifier

from sklearn.metrics import make_scorer, accuracy_score from
sklearn.model_selection import GridSearchCV from sklearn.neural_network import
MLPClassifier ann_clf = MLPClassifier() pa rameters = {'solver': [Ibfgs'], 'alpha':[1e-
4], 'hidden_layer_sizes':(9,14,14,2),'random_state":[1]} a cc_scorer =
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make_scorer(accuracy_score) grid_obj = GridSearchCV(ann_clf, parameters,
scorin  g=acc_scorer) grid_obj = grid_obj.fit(x_train, _train) ann_clf=
grid_obj.best_estimator_
ann_clf.fit(x_train,y_train)

y_pred_ann = ann_clf.predict(x_test) from sklearn.metrics import confusion_matrix
cm_ann = ¢ onfusion_matrix(y_test, y_pred_ann) cm_ann

ann_result = accuracy_score(y_test, y_pred_ann) ann_result
FOR TEST CASES :

import pandas

import os

import numpy as np

from sklearn.linear_model import LinearRegression

from sklearn.cross_validation import KFold

from sklearn import cross_validation

from sklearn.linear_model import LogisticRegression

heart = pandas.read_csv("pc.csv")
heart.loc[heart["heartpred"|==2,"heartpred"]=1
heart.loc[heart["heartpred"|==3,"heartpred"]=1
heart.loc[heart["heartpred"]==4,"heartpred"]=1
heart["slope"] = heart["slope"].fillna(heart["slope"].median())
heart["thal"] = heart["thal"].fillna(heart["thal"].median())
heart["ca"] = heart["ca"].fillna(heart["ca"].median())
print(heart.describe())

predictors=["age","sex","cp",
peakll,llslOp e“,“ca“,“thal“]

trestbps”,"chol","fbs","restecg","thalach","exang","old

alg=LogisticRegression(random_state=1)

predictions = []
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train_predictors = (heart[predictors].iloc[:,:])
train_target = heart["heartpred"].iloc|[:]
alg.fit(train_predictors, train_target)
I=len(heart.index)
while True:
x1=raw_input("Input age (67.0):")
x2=raw_input("Input sex (1.0):")
x3=raw_input("Input cp (4.0):")
x4=raw_input("Input trestbps (160.0):")
x5=raw_input("Input chol (286.0):")
x6=raw_input("Input fbs (0.0):")
x7=raw_input("Input restecg (2.0):")
x8=raw_input("Input thalach (108.0):")
x9=raw_input("Input exang (1.0):")
x10=raw_input("Input oldpeak (1.5):")
x11=raw_input("Input slope (2.0):")
x12=raw_input("Input ca (3.0):")
x13=raw_input("Input thal (3.0):")
f = open('pc.csv','a+')

fowrite(x1+','+x2+","+x3+","+x4+",'+X5+','+X6+',"+X7+',"+x8+",'+x9+','+x10+',"+x11+",'+x1
2+',"+x13+",")

f.close()

heart = pandas.read_csv("pc.csv")
#print(l+1)
print(heart[predictors].iloc]l,:])

test_predictions = alg.predict(heart[predictors].iloc][l,:])
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test_predictions[test_predictions > .5] = 1
test_predictions[test_predictions <=.5] =0
print(test_predictions.item(0))
x14=test_predictions.item(0)
print(type(x14))

f = open('pc.csVv','a+')

f.write("%s"%(x14))

f.write(os.linesep)

f.close()

[+=1
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B. Screenshot

£ @ B | % e s x & e x £
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73 Import favorites ™M Gmail @B YouTube B¥ Maps [7] Lenovo

File  Edit  View  Inset  Cell  Kemel  Widgets  Help Not Trusted | | Python 3 (ipykernel) O
B+ (% @ B 4+ ¥ PRn B C M Code v @
I In [1]: # import the Libraries

In [2]: 4import numpy as np
import pandas as pd
import matplotlib.pyplot as plt
import re

In [3]: # loading data from heart_disease_data.csv
In [4]: train = pd.read_csv("heart_disease_data.csv")
In [5]: # deletes rows with empty cells

In [6]: train.dropna()

out[6]: age sex cp trestbps chol fbs restecg thalach exang oldpeak slope ca thal target
0 63 1 3 145 233 1 [ 150 0 23 0 0 1 1

1 37 LA 130 250 0 1 187 o 35 0o 0 2 1

2 M« o 1 130 204 0 o 172 o 14 2 0 2 1

3 56 L | 120 236 o 1 178 0 08 2 0 2 1

4 57 0o o 120 354 0 1 163 1 06 2 0 2 1
208 57 0o o 140 241 o 0 123 1 02 1.0 3 o
299 45 1 3 10 264 o 1 132 0 12 4 im 3 o
300 68 1 0 144 193 1 1 141 o 34 108 3 o
301 57 10 130 131 o 1 15 1 12 L 3 o
302 57 o 1 130 236 0 [ 174 0 0.0 1 9 2 0
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[11]: # Percentage of men and women in our dataset

[12]: import matplotlib.pyplot as plt

labels = ['Men’, ‘Women']

sizes = [0.6831, 0.3168]

colors = ['gold', 'lightskyblue']
explode = (0.1, 0)

plt.pie(sizes, explode=explode, labels=labels, colors=colors, autopct='%1.1f%%", shadow=True, startangle=140)
plt.axis('equal")
plt.show()




» [23]): |' explode 1st siice

s [24]): I: PLot

» [16]): import matplotlib.pyplot as plt

sizes = [@.6831, ©.3168)

Women " )
colors = [‘gold’, "lightskyblue’]

plt.pie(sizes, 1

plt.title( X of men and women in our dataset\n\n\n')
plt.axis( 'equal’)

plt.show()

26 of men and women in our dataset

In [17]:|lmtof-enot risk vs women at risk

In [219]:

import matplotlib.pyplot as plt

sizes = [@.449, 8.75])
explode = (8.88, @) & explode the first stice

labels = ['Risk of Men having heart attack', 'Risk of Women having heart attack']
colors = ['gold’, "lightskyblue']

plt.pie(sizes, explode=explode, labels=labels, colors=colors, autopct="%1.1FXX', shadow=True, startangle=148)
plt.title( Risk of Meart Attack by Gender\n\n\n')

plt.axis('equal’)

plt.show()

Risk of Heart Attack by Gender

Risk of Men having heart attack

Risk of Women having heart attack
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[28]: & Plot

2Z]:

:
fras

import matplotlib.pyplot as plt

sizes = [@.440, 8.75]
explode = (8.88, 8) & explode the first slice

labels = ['Risk of Men having heart attack', 'Risk of Women having heart attack']
colors = ["gold’, "lightskyblue']
plt.pie(sizes, explodesexplode, labels=labels, colors=colors, autopet="%1.1FX¥X', shadow=True, startangle=8)

plt.axis{ 'equal’}
plt.show()

Risk of Men having heart attack

Risk of Women having heart attack

[23): | # percentoge of wen at risk

[25]): Aimsport matplotlib.pyplot as plt

slices_hours = [207-93, 93]
activities = ['% Men not at risk®, '% Men at risk’]
colors = ['r', g

plt.pie(slices_hours, labels=activities, colors=colors, startangle=99, autopct="X1.1¥XX")
plt.title{ Analysis of M tive Heart Attack in Men Out otal Men')
plt.show()

Analysis of Positive Heart Attack in Men Out of Total Men

% Men at risk

% Men not at risk
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In [26]: |# percentage of women of risk

In [28]: isport matplotlib.pyplot as plt

slices_hours = [96-72, 72]
activities = ['% Women not at risk®, "X Women at risk’]
colors = ['y*, 'b"]

plt.pie(slices_hours, labels=activities, colors=colors, startangle=8, autopct='%1.1F8X")
plt.title('Analysis of Positive Heart Attack in Women Out of Total Women')
plt.show()

Analysis of Positive Heart Attack in Women Out of Total Women

% Women not at risk

% Women at risk

In [28]: | # oge distribution of people affected

In [38]:  import seaborn as sns
In [31]: | # seaborn histogrom

In [33]: |isport seaborn as sns

sns.distplot{train|'age’], hist=True, kde=False, bins=int{188/5), color='blue’, hist_kws={'edgecolor': "Black'})

Out[33]: cAxes: xlabel='age':

35

66



Im [34]:

& Add Labels

In [36]:

Out[36]:

import matplotlib.pyplot as plt
impart seaborn 85 S

plt.titlef ' Distribution of people count wvs age')
plt.xlabel( Age (Lin years)')

plt.ylabel( Number of persons’)

plt.show}

sns.distplot(train[ age’ ]}

Distribution of people count vs age
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In [37]: |l distribution of cholesteral Level in affected people

In [39]: import seaborn as sns
import matplotlib.pyplot as plt

sns.distplot(train'chol'], hist=True, kde=False, bins=int{2B6/5), color='blue', hist_kws={"edgecolor”: ‘'black'})
plt.title{ Distribution of serum cholesterol in mg/dl”)

plt.xlabel( Serun chelesterol in mg/dl®)

plt.ylabel( Count")

plt.show()

sns.distplot(train] chol' ]}

Distribution of serum chaolesterol in mg/dl

300 400
Serum cholesterol inmgsd|

Out[38]: cAwes: xlabel='chol's
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In [48]: |# mox heart rate distribution

In [42]:  import seasborn as sns
import matplotlib.pyplot as plt

sns.distplot(train] ' thalach®], hist=True, kde=False, bins=int(288/5), color='blue’, hist_kws={'edgecolor’: "black'})
plt.titlef Distribution of maxinun heart rate achieved®)

plt.xlabel( Maxinun heart rate achieved')

plt.ylabel( Count")

plt.show()

sns.distplot(train] ' thalach”])

Distribution of maximum heart rate achieved

254

100 120 140 160 130 200
Maximum heart rate achieved

Out[42]: <Axes: xlabel="thalach®>
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In [43]: |# resting heart rote distribution

In [45]): |import seaborn as sns
import matplotlib.pyplot as plt

sns.distplot(train| 'trestbps' ], hist=True, kde=False, bins=int{188/5), celor="blue', hist_kws={'edgecolor': 'red"})
plt.title{ 'Distribution of resting blood pressure (in mn Hg on admission to the hospital)')

plt.xlabel( Resting blood pressure (in sm Hg on adnission to the hospital)®)

plt.ylabel{ Count")

plt.show( )

sns.distplot(train[ ' trestbps’ ])

Distribution of resting blood prassure (in mm Hg on admission to the hospital)

&0 4

100 120 140 160 180 200
Resting blood pressure {in mm Hg on admission to the hospital]

Out[45): <Axes: xlabel='trestbps’s
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In

In

In

[46]:

[48]:

[49]:

# IMPORTING REQUIRED LIBRARIES

from sklearn.linear_model import LogisticRegression
from sklearn.svm import SVC

From sklearn.tree import DecisionTreeClassifier
from sklearn.ensemble import RandomForestClassifier
From sklearn.nelghbors import KMelphborsClassifier
from sklearn.naive_bayes import Gaussiardd

# SPLITTING DATA

In

[51]:

From sklearn.model selection import train_test split

trainl = train.copy(}

feature_df = trainlf["age”, “"sex”, "¢p”, "trestbps”, “thalach", “chol”, "restecg™, "exang”, "oldpesk”, "slope”, "ca", “thal=]]
x = np.asarray(feature df)

y = np.asarray{train] "target” ].astype( int'})

x_train, x_test, y_train, y_test = train_test split(x, y, test_size=8.2, random_state=5)

In

In

warch

[53]:

[54]

[G&]:

def train_model(x_train, y_train, x_test, y_test, classifier, **kwargs):
¥ Function body goes here
pass 4 Ploceholder for the function bedy ©IF you hoven't implemented it yet

# instontigte model

From sklearn. Linear_model import LogisticRegression
& Import other clossifiers os needed

& Define the clossifier you wont to use
classifier = LogisticRegression() & Exomple: Logistic Regression

& New you can procesd with the rest of your code
model = classifler Fit{x_train, y_train)
y_pred = model.predict(x_test)

& Imgort confusion matrix separdgtely
from sklearn.metrics import confusion_matrix

print(~Confusion matrix:")
print({confusion_matrix(y_test, y_pred))

Corfusion matrix:
[[z7 3]
[ 229]]

C:WWsers'abhayan F\Lib\site- \sklearn'linear_model\_logistic.py:468: ConvergenceWarning: lbfgs failed to converge
[status=1):
STOF: TOTAL NO. of ITERATIONS REACHED LIMIT.

Tareaaca tha meshas of itacatisns (maw ifael ae crala tha dats ac choun ine

% om M T il MaAa

71



In [57): |# check accuracy and print out the results

In [61): | fit_accuracy = model.score(x_train, y_train)
test_accuracy = model.score(x_test, y test)
print{f"Train accuracy: {fit_accuracy:8.2%}")
print{f Test accuracy: {test_sccuracy:8.28}")
return model

Train accuracy: B3.BE%
Test accuracy! 91.B8%

Cell In[61], line §
return sodel

In [62]: ‘l KN

In [63]: ‘lndel = train_model{x_train, y_train, x_test, y_test, KNelghborsClassifier)

In [64]: ‘l Seek pptimol ‘n_neighbours® poroneter

In [66]: |for i1 in range(l, 18):
print{"n_neighbors = " + str(i))
train_model(x_train, y_train, x_test, y_test, KMeighborsClassifier, n_neighbors=1i)

n_neighbors = 1
n_neighbars = 2
n_neighbars = 3
n_neighbors = 4
n_neighbors = 5
n_neighbors = 6
n_neighbors = 7
n_neighbors = 8
n_neighbors = 8

In [E67]: ‘.l Decision Tree

In [BE]: ‘Inde_‘l = train_model{x_train, y_train, x_test, y_test, DecisionTreeClassifier, random_state=2G86

)

In [69]: ‘l Check optimol ‘mox_depth’ porameter

In [71]: for i in range{l, B):
print{"max_depth = * + str{i))
train_model(x_train, y_train, x_test, y_test, DecisionTreeClassifier, max_depth=1, randon_state=2686)

max_depth = 1
max_depth = 2
nax_depth = 3
nax_depth = 4
nax_depth = 5
nax_depth = 6
nax_depth = 7

In [72): ]n LOGISTIC REGRESSION

In [73]): ‘-ode.l = train_model{x_train, y_train, x_test, y test, LogisticRegression)

In [74]: ‘lcﬂussim MNoive Bayes

In [75]: linde.l = train_model{x_train, y_train, x_test, y test, GaussianMB)
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6]:

# Support Vector Machines

7]: model = train_model(x_train, y_train, x_test, y_test, SWC)

B]: |# Support Vector Mackine Linear

9]: |model = train_model{x_train, y_train, x_test, y test, SWC, C=8.85, kernel='linear')

8]: |# Random Forests

2): |model = train_model(x_train, y train, x_test, y_test, RamdonForestClassifier, random_state=2686)
5]: | # LSING AMN Multilayer Perceptron Classifier

G]: |From sklearn.metrics import make scorer, BOCuracy_score

from sklearn.model _selection import GridSearchCV
from sklearn.neural_network impoct MLPClassifier

ann_clf = MLPClassifier()

parameters = {'solwer”: ['lbfgs'], 'alpha’: [le-4], “hicden_layer sizes': (9, 14, 14, 2), ‘random_state': [1]}
acc_scorer = make_scorer({accuracy score)

grid_ohj = GridSearchCViann_clf, parameters, scoring=acc_scorer)

grid_ebj.fit(x_train, y_train)

ann_clf = grid cbj.best_estinmator_

C:ilsers\abhayhanacondadiLibls ite-packages\sklearnyneural_network)_multilayer perceptron.py:546: Convergencedarning: lbfgs fail
ed to converge (status=1):
STOP: TOTAL MO. of ITERATIONS REACHED LIMIT.

Increase the number of iterations (max_iter) or scale the date as shown in:
https://fscikit-learn.org/fstable/modules/preprocessing. htal
self.n_iter_ = _check_optimize result("lbfgs", opt_res, self.max_iter)
C:\Users)abhayhanacondadiLib\site-packages\sklearnyneural_nebwork)_multilayer perceptron.py:546: Convergencedarning: lbfgs fail
ed to converge (status=1):
STOP: TOTAL MO. of ITERATIONS REACHED LIMIT.

Increase the number of iterations (max_iter) or scale the data as shown in:
https:/fscikit-learn.orgfstable/modules/ preprocessing.htal
self.n_iter_ = _check_eptimize result("lbfgs", opt_res, self.max_iter)
C:\Users\abhay\anacendal\Lib\site-packagesi\sklearn\neural_network'_multilayer_perceptron.py:536: Convergencederning: lbfgs fail
ed to converge (status=1):
STOP: TOTAL MO. of ITERATIONS REACHED LIMIT.

Increase the number of iterations (max_iter) or scale the date as shown in:
https:/fscikit-learn.org/stable/modules/ preprocessing. htal
self.m_iter_ = _check_optimize result("lbfgs”, opt_res, self.max_iter)
C:\Wsers\abhayanacondadyLib\site-packagesisklearnineural _network)_multilayer perceptron.py:546: Convergencedarning: lbfgs fail

O R A S L Y
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In [B7]: ann_clf.Fit(x_train,y train)

C:\Usershabhiay\anacendadiLibisite-packages\sklearn\neural_network)_multilayer perceptron.py:546: Convergencedarning: lifgs fall
ed to converge (status=1):
STOP: TOTAL MO. of ITERATIONS REACHED LIMIT.

Increase the number of iterations (mex_iter) or scale the data as shown in:
https://scikit-learn.org/stable/modules/preprocessing. htal
self.n_iter_ = _check optinize result("1bfgs", opt_res, self.max_iter)

Out[BT): MLPClassifier{hidden layer sizes=14, random state=1, solver="lbfgs')
In a Jupyter environment, please rerun this cell to show the HTML representation or trust the notebook.
On GitHub, the HTML representation is unable to render, please try loading this page with nbviewer.org.

In [B9]: | y_pred_ann = ann_clf.predict(x_test)
from sklesrn.metrics import confusion matrix
cn_ann = confusion mateix(y_test, y pred ann)
ca_ann

Out[B2): array([[26, 4],
[ 3, 28]], dtype=intsa)

In [81): ann_result = accuracy scorefy test, y_pred_ann)
ann_result

Out[91]: B.BRS2450@16391442
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In [93): |#FOR TEST CASES :

In [97]: | import pandas
import os
import numpy as np
From sklearn.linear medel import LinearRegression
from sklearn.cross validation impert KFold
from sklearn import cross_validation
From sklearn.linear_model impert LogisticRegression
heart = pandas.read csv("heart_disease _data.csv”)
heart. loc[heart] “heartpred” |==2, "heartpred " ]=1
heart. loc[heart] “heartpred” |==1, “heartpred " ] =1
heart. loc [heart] “heartpred” |==4, “heartpred "] =1
heart[“slope” ] = heart["slope”].fillna(heart]”slope” | median())
heart["thal”] = heart[*thal®].Fillna(heart[~thal™].median{})
heart[“ca"] = heart|"ca”].fillnalheart] "ca”] .median ) )
print(heart.describel )}
predictors=["age”, "sex”,"cp”,"trestbps”,"chol", "Fbs", “restecg”, "thalach”, "exang”,"oldpeak ", "slop
e=,"ca”,"thal"]
alg=LogisticRegression(random_state=1)
predictions = []
train_predictors = (heart[predictors].ilec[z,:])
train_target = heart[ heartpred”].ilec[:]
alg.fit(train_predictors, train_target}
1=len(heart. index)
while Troe:
xl=raw_input(“Input age (67.8):")
x2=raw_Enput{“Input sex (1.8):"}
x3=raw_input{“Input cp (4.8):")
xd=raw_input(“Input trestbps (168.8):7)
x5=raw_input{“Input chol (286.8):")
xE=raw_input(“Input fbs (@.8):")
x7=raw_input{"Input restecg {2.8):")
xB=raw_input(“Input thalach {188.8):")
xO=raw_input{“Input exang (1.8):7)
x1@=raw_input("Input cldpeak (1.5):")
x11=raw_input{"Input slope [2.83:")
x12=raw_ingut("Input ca (3.8):"
*1l=raw_input("Input thal (3.8):7)
f = open('pc.esvt,a+'}
Fowrlte(ul+", "+x2+", " +x3+", TExd4" | CExGET, B T ERTH ThxBE T, 404 T enlBeT, +xlls T Exd
23, '+l ")
Foclose()
heart = pandas.read_csv("heart_disease data.csv”)
Aprintflel)
print{heart[predicters]  ilec[l,:])
test_predictions = alg.predict{heart[predictors].Eloc[1,:])
test_predictions[test_predictions > .5] = 1
test_predictions[test predictions <=.5] = @
print{test_predictions. item(8))
xld=test_predictions. item{&}
print(type(xid))
f = open('heart_disease data.csv™,"a+")
Fowrlte("Es"%{x14))
fowrite(os.linesep)
f.close()
1s=1

Cell In[97], line 16
predictors=[~age”, “sex","ep”, "trestbps”,“chol”, "fbs", "restecg”, "thalach™, "exang”, “oldpeak” , “slop
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B. Screenshot of the GUI with input and output:
Here we are going to create and predict the patients details through GUI for our project.

So, anyone can perform predictions using this GUI.

INPUT:

§ Heart Diseas.. — 0 X

Heart Disease Prediction System

Enter Your Age
Male Or Female [1/0]
Enter Value of CP
Enter Value of trestbps
Enter Value of chol
Enter Value of fbs
Enter Value of restecg
Enter Value of thalach
Enter Value of exang
Enter Value of oldpeak
Enter Value of slope
Enter Value of ca

Enter Value of thal
Predict

Fig.7.B1: Input
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OouTPUT

f Heart Disease Pre...

e

- O

Enter Your Age
Male Or Female [1/0]
Enter Value of CP
Enter Value of trestbps
Enter Value of chol
Enter Value of fbs
Enter Value of restecg
Enter Value of thalach
Enter Value of exang
Enter Value of oldpeak
Enter Value of slope
Enter Value of ca
Enter Value of thal

Predict |

Possibility of Heart Disease

f Heart Disease Pre...

63
1

3
145
233
1

0
1150

o
23
0
o

1

- O

Heart Disease Prediction System

|57

Enter Your Age
Male Or Female [1/0]
Enter Value of CP
Enter Value of trestbps
Enter Value of chol
Enter Value of fbs
Enter Value of restecg
Enter Value of thalach
Enter Value of exang
Enter Value of oldpeak
Enter Value of slope
Enter Value of ca
Enter Value of thal

Predict |

o
0

"
0

a1

3

Post No Heart Disease ease

Fig.7.B2: Output
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