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ABSTRACT

There are millions of people right now experiencing suffering through heart disease. Prediction of
these disease is very necessary for the survival of any individuals. In this paper the disease is
accurately predicted by looking at the symptoms of a patient. Algorithmic models such as naive
bayes, random forest, logistic regression and KNN have been used to predict the disease. Once the
disease is predicted by the system, it then recommend which type of doctor to consult. Over this an

interactive interface is built for recommendation.
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CHAPTER 1
INTRODUCTION

Machine learning is a modern approach that can help in determination of
disease using model information or sample/past data. It has two dataset:
training and test set. The main objective of this project is to provide a user
friendly platform as a front end and combine with ML models using python.
It is a urgent need for study and develop a framework which will beneficiary
for end user to anticipate the diseases and predict the type of doctor they should
visit. Machine learning framework allows the prediction to be more accurate.

The main limitation of the existing system is that we have prediction
framework only for specific diseases based on their medical parameters not on
the their symptoms (e.g. chest pain, heavy breathing).

These models only apply in the areas where traditional healthcare system
already exist.

Also only limited number of users can access the doctor recommendation
system. Meanwhile the user interface is also not effective.

There are also noted difficulties like having trouble in finding best specialist
for a specific disease.

1.1 RELATED WORK

| have reviewed five papers from different other sources to make this project.
| studied the relationship between different algorithms and their performance
in different scenarios for the prediction of disease.

[1] Aim of this paper is to improve the slow and meticulous treatment method
by introducing the ML technology. It is a comprehensive paper on the
prediction of heart diseases. Prediction of the disease with the help of patient’s
symptoms is done. A complete hospital data is also maintained. Author Mrs.
Shital P and others have performed with experimentation in different factors
and obtained 88.7% accuracy.

[2] In this paper then are given attributes in the dataset and it is studied on
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supervised binary classification. Datasets included in this paper are plasma
glucose concentration blood pressure (mm Hg), bmi, age, etc. The
Improvement of software and site is in detailed manner.

[3] By this paper, it was concluded that the framework should be efficiently
optimized in order to anticipate the disease, before visiting the doctor or
performing a case of special diagnosis. This paper noted the accuracy being
95.28%, for random forest and 88% for naive bayes.

[4] This paper studies that the innovation has being scaled in healthcare
industries and the ways to improve it further. The medical care industry
gathers patient’s symptoms and history by applying data mining and the ML
techniques are applied to predict the disease.

[5] It provided a heart disease related supervised learning algorithm. The
algorithm included here are SVM, KNN, and Naive bayes. The dataset
contains 3000 objects and 14 features. Naive bayes reported 86.6%, decision
tree 78.69% and KNN reported 77.85% accuracy.

1.2 PROPOSED SYSTEM

In this research | have discovered the answer for the issues looking in existing
framework. In this system | have used three ML models namely KNN,
Random Forest Classifier and Decision Tree Classifier to study the accuracy
in predicting the disease using various symptoms. On top of that an User
friendly interface is also built for patients to freely interact.

Attribute Preprocessing Classification
e
Dataset Salection on data techniques
NE i DT SNB

il [ 1

Disease Prediction

I

Accuracy Measure

Fig 1.1: - Proposed System Architecture
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1.3 ADVANTAGES OF PROPOSED SYSTEM

1) The system could reduce medical errors and improve patient results.

2) Simple method of getting to the application for Disease Prediction and
Doctor Recommendation System

3) General Disease Prediction based on symptom and specific Disease
Prediction based on Medical parameters gives the output on the same
interface.

12



CHAPTER 2
MACHINE LEARNING MODELS

2.1 K-NEAREST NEIGHBOR

A. KNN is used as it is known to provide high accuracy on ml models. The
quality of measure is dependent on the distance between k values.

1) Value of k is taken from range 1 to 21

2) For each value of k, score is calculated
3) The average of the scores is appended
4) After applying cross validation a graph is plotted for score vs k value

value of k is generated using
k = sqrt(N)/2
where N is total number of samples.

2.2 RANDOM FOREST CLASSIFICATION

Random Forest is used here as a classifier. It creates a random group of decision
trees and merges them together. The more is the number of trees, the more will
be accuracy.

1) Random Forest Classifier module is imported is imported from
scikitlearn.

2) Value of the decision tree is arbitrarily chosen as 10.

3) Cross validation score is applied

4) The mean of all the scores generated is calculated which gives us the
accuracy of the model.

2.3 DECISION TREE CLASSIFICATION

Decision tree is used here to create training model. To select the best attribute for
the root node Gini index is used. It is a measure of purity or impurity while creating
the decision tree.

1) By applying the decision tree classifier through scikitlearn a decision
tree is generated with the best attributes.
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2) Data is splitted using entropy on an attribute

Gain (T, X) = Entropy(T) - Entropy(T,X)

T — Target Variable

X- Feature to be split on

3) The decision tree algorithm is fitted into the training set

4) The test set results are predicted and its accuracy is generated.
5) Finally we visualize the test set

6) The results are calculated using Gini index and it is in the form of
confusion matrix.

formula for Gini index is
Gini=1-Yni=1(pi)2
where pi is the probability of an object being classified to a class.

2.4 RECOMMENDATION SYSTEM

Recommendation system is built using gradio module which allows to build
ML user interfaces conveniently.

a. Welcome page is built by defining a function “greet” and assigning the user
interface value

b. iface.launch() is used to open the interface every time code is run.

C. A system is developed to predict as well as assign doctor.

14



CHAPTER 3
RESULTS AND DISCUSSIONS

The dataset was used from the source https://www.kaggle.com/ronitf/heart-disease-uci

By reading the dataset and before the processing phase, histogram representation of the different
attributes of the dataset has been derived. In the figure one can see the different correlations of

the attributes with their measurements.
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Fig 3.1 : histogram depiction of the attributes of dataset.

The different attributes of the datasets are listed below with their data types. Some of them are

categorical data e.g. sex, cp, fbs, slope.

In order to measure the accuracy we already have the target result in our dataset ( the target set

should be of relatively equal size).
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https://www.kaggle.com/ronitf/heart-disease-uci

Fig 3.2: O represent the number of patient which don’t have any heart diease and vice versa

And after the phase of data preprocessing the graph for KNN has been
plotted for k in range 1 to 21 I.e. for 20 k values.

Fig 3.3: Graphical representation of KNN score for each value of k

The above graph is plotted for Neighbors Classifier scores for different K

values.

Similarly for other models as well accuracy is calculated and is noted down
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in a tabular format given below.

Model Name Accuracy Calculated (mean score)
K Nearest Neighbor 0.8448387096774195
Random Forest Classifier 0.7981720430107526
Decision Tree 0.815465853983447

Table 1: Model name and their mean score

After the accuracy for different models were calculated. Recommendation system

was built using gradio module.

NAME OUTPUT 0.00s

Priyanshu Hello Priyanshu welcome to our specialist
reccomendation system!!

Clear
Screenshot Flag

Fig 3.4: Welcome page for users

After that the user has to provide his/her medical report in order to verify that the data has been
gathered from an actual Health Center. This phase is mainly for verification purpose. (Note: The
paper is blurred on purpose as only verification is needed).

Clear Screenshot Flag

Fig 3.5: Medical Report Submission for patient verification

To avoid latency multiple patient’s report from the same hospital can be compared
and plotted on a graph to find out easily who has more chances of having any kind
17



of heart disease.

oo

0.0Zs

Name bp mmHg chol mmo/I sugar mg/dl
Priyanshu 88 55 11
Ajay 100 50 9
Sana 125 49 12
OUTPUT 2
= Priyanshu
10000 Aay

—— Sana

6000

4000

2000

Fig 6: Analysis of multiple patient to avoid latency.

After the system gives output whether the patient has heart disease or not, he/she
can schedule an appointment for the preferred time slot.

TIMESLOT ouTPUT 0.00s

10:00 AM to 2:00 PM Doctors available during 10:00 AM to 2:00 PM
are
John Smith MBBS
Clear Ravi Shankar MD
R N Verma DM

Screenshot Flag

Fig7: Doctor Appointment Portal
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CHAPTER 4

CONCLUSION

From the observations made it was found that on the given dataset K Nearest Neighbor recorded
the highest accuracy of 85%, while the other two models failed to record such higher accuracy
while limiting upto 81% and 78 % for Random Forest and Decision Tree Classifier respectively.
Finally it can be said that KNN provides more accurate results every time we apply it as
compared to other ML models. Recommendation system which analyses different patient data

can also avoid latency and also provide faster result for the user.
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APPENDIX

1. Importing the Dependencies
import numpy as np
import pandas as pd

from sklearn.model selection import train_test_split
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from sklearn.linear_model import LogisticRegression
from sklearn.metrics import accuracy_score

2. Data Collection and Processing

# loading the csv data to a Pandas DataFrame
heart_data = pd.read_csv('/content/data.csv"')
# print first 5 rows of the dataset

heart_data.head()

tres cho rest | thal | exa old slo targ
age | sex | cp | thp fbs pea ca | thal
S I ecg | ach | ng K pe et
0 |63 |1 3 145 | 233 |1 0 150 | 0 23 |0 0 1 1
1 |37 |1 2 130 [ 250 | O 1 187 | 0 35 |0 0 2 1
2 (41 |0 1 130 (204 | O 0 172 | 0 14 |2 0 2 1
3 |56 |1 1 120 [ 236 | 0O 1 178 | 0 08 |2 0 2 1
4 |57 |0 0 120 {354 |0 1 163 |1 06 |2 0 2 1
# print last 5 rows of the dataset
heart_data.tail()
tres cho rest | thal | exa old slo targ
age | sex | cp th | fbs ecg | ach | ng pEa pe ca | thal ot
298 |57 |0 0 140 [ 241 | 0O 1 123 |1 02 |1 0 3 0
299 |45 |1 3 110 [ 264 | O 1 132 |0 1.2 |1 0 3 0
300 |68 |1 0 144 | 193 |1 1 141 | 0 34 |1 2 3 0
301 |57 |1 0 130 (131 | O 1 115 |1 1.2 |1 1 3 0
302 |57 |0 1 130 [ 236 | O 0 174 | 0 00 |1 1 2 0

# number of rows and columns in the dataset
heart_data.shape

(303, 14)

# getting some info about the data
heart_data.info()

<class 'pandas.core.frame.DataFrame'>
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RangeIndex: 303 entries, © to 302
Data columns (total 14 columns):
Non-Null Count

#

OWoONOOTUVTE, WNRERO I

B R PR
N RO

13

Column

age
sex
cp

trestbps

chol
fbs

restecg
thalach

exang

oldpeak

slope
ca
thal

target

303

non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null

dtypes: float64(1), int64(13)

memory usage:

33.3 KB

int64

floate4d

inte4
int64
inte4
inte4

# checking for missing values

heart_data.isnull().sum()

age
sex
cp

trestbps

chol
fbs

restecg
thalach
exang
oldpeak
slope

ca
thal

target
dtype: inté64

# statistical measures about the data

O OO0 OPOODOOOOOOO®

heart_data.describe()

tres cho rest | thal | exa old slo targ
age | sex | cp | thp fbs pea ca | thal

S I ecg | ach | ng K pe et
303 | 303 | 303 [ 303 | 303 | 303 [ 303 | 303 | 303 | 303 | 303|303 |303 |303
cou|.00 [.OO |[.OO |.O0O |[.00 |.0O |00 |.00 [.OO0 |.00 |.00 [.00 |.00 |.0O
nt | 000 | OO0 | 000 | 000 | 00O | OO0 | OOO | 00O | 000 | OO0 | 00O | 000 | 00O | 000

0 0 0 0 0 0 0 0 0 0 0 0 0 0
me |54. |06 |09 [131 |246 |0.1 |05 [149 |03 |10 [13 |07 |23 |05
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an | 366 | 831 | 669 | .62 |.26 |485 | 280 |.64 |267 | 396 | 993 | 293 | 135 | 445
337 |68 |97 |376 (402 |15 |53 |686 |33 |04 |40 |73 |31 |54
2 6 5
90 (04 |10 |17. |51. |03 |05 |22. |04 |11 |06 |10 |06 |04
std | 821 | 660 | 320 | 538 | 830 | 561 | 258 | 905 | 697 | 610 | 162 | 226 | 122 | 988
01 |11 |52 |143 |751 |98 |60 |161 |94 |75 |26 |06 |77 |35
29. (0.0 | 0.0 |94. 10206 00 |00 |71. |00 |00 |00 |00 |00 |0O.0
min | 000 | 000 | 000 | 000 600 000 | 000 | 000 | 000 | OO0 | 000 | 000 | OO0 | 000
000 |00 |00 |000 0 00 |00 |0O0O [OO |OO |OO |00 |OO |00
o5 47. [ 0.0 | 0.0 10200 20101 0.0 (0.0 15303 00 |00 |10 (0.0 |20 |0.0
% 500 | 000 | 000 bOO 600 000 | 000 600 000 | 000 | 000 | 000 | 00O | 000
000 |00 |00 0 0 00 |00 0 00 |00 |00 (00 |00 |00
co |55 |10 [10 | 20120 100 |10 (%% )00 |08 |10 [00 |20 |10
% 000 | 000 | 000 600 600 000 | 000 600 000 | 000 | 000 | 000 | 00O | 000
000 | 00O |00 0 0 00 |00 0 00 |00 |00 |[0O0 |00 |00
e |61 (10 |20 [ 2012 100 (10 |10 |10 |16 |20 |10 |30 |10
% 000 | 000 | 000 600 600 000 | 000 bOO 000 | 000 | 000 | 000 | 00O | 000
000 |00 |00 0 0 00 |00 0 00 |00 |00 (00 |00 |00
ma 77. |1.0 | 3.0 20000 50604 1.0 |20 20002 10 |[6.2 |20 (40 |3.0 |10
N 000 | 000 | 000 bOO 600 000 | 000 600 000 | 000 | 000 | 000 | 00O | 000
000 |00 |00 0 0 00 |00 0 00 |00 |00 (00 |00 |00
# checking the distribution of Target Variable
heart_data[ 'target'].value_counts()
1 165
(%] 138
Name: target, dtype: int64
1 --> Defective Heart
0 --> Healthy Heart
3.  Splitting the Features and Target
X = heart_data.drop(columns="target', axis=1)
Y = heart_data[ 'target’]
print(X)
age sex cp trestbps chol ... exang oldpeak slope ca thal
0 63 1 3 145 233 0 2.3 0 0 1
1 37 1 2 130 250 0 3.5 (%] (%] 2
2 41 (%] 1 130 204 0 1.4 2 (%] 2
3 56 1 1 120 236 0 0.8 2 9] 2
4 57 0 0 120 354 1 0.6 2 0 2
298 57 (%] (%] 140 241 1 0.2 1 (%] 3
299 45 1 3 110 264 0 1.2 1 (%] 3
300 68 1 0 144 193 0 3.4 1 2 3
301 57 1 (%] 130 131 1 1.2 1 1 3
302 57 (%] 1 130 236 0 0.0 1 1 2

24




[303 rows x 13 columns]

print(Y)
(%] 1
1 1
2 1
3 1
4 1
298 %]
299 0
300 (9]
301 9]
302 0

Name: target, Length: 303, dtype: int64

Splitting the Data into Training data & Test Data

X _train, X test, Y train, Y test = train_test split(X, Y, test size=0.2,
stratify=Y, random_state=2)

print(X.shape, X train.shape, X test.shape)

(303, 13) (242, 13) (61, 13)

4.

Model Training

4.1 Logistic Regression

model = LogisticRegression()

# training the LogisticRegression model with Training data
model.fit(X_train, Y_train)

LogisticRegression(C=1.0, class_weight=None, dual=False, fit_intercept=True,

intercept scaling=1, 11 ratio=None, max_iter=100,
multi_class='auto', n_jobs=None, penalty='12',
random_state=None, solver='lbfgs', to0l=0.0001, verbose=0,
warm_start=False)

4.2 K Nearest Neighbor

#Fitting K-NN classifier to the training set

from sklearn.neighbors import KNeighborsClassifier

classifier= KNeighborsClassifier(n_neighbors=5, metric='minkowski', p=2)

classifier.fit(x_train, y_train)

25



4.3 Random Forest

#Fitting Random Forest classifier to the training set

from sklearn.ensemble import RandomForestClassifier

classifier= RandomForestClassifier(n_estimators= 10, criterion="entropy")

classifier.fit(x_train, y_train)

4.4 Decision Tree

#Fitting Decision Tree classifier to the training set

From sklearn.tree import DecisionTreeClassifier

classifier= DecisionTreeClassifier(criterion="entropy', random_state=0)

classifier.fit(x_train, y_train)

5. Model Evaluation

Accuracy Score
# accuracy on training data

X_train_prediction = model.predict(X_train)
training data_accuracy = accuracy_score(X train_prediction, Y_train)

print('Accuracy on Training data : ', training_data_accuracy)

Accuracy on Training data : ©.8512396694214877
# accuracy on test data

X _test prediction = model.predict(X_test)
test_data_accuracy = accuracy_score(X_test_prediction, Y_test)

print('Accuracy on Test data : ', test_data_accuracy)

Accuracy on Test data : 0.819672131147541

6. Building a Predictive System

input_data = (62,0,0,140,268,0,0,160,0,3.6,0,2,2)

# change the input data to a numpy array
26



input_data_as_numpy array= np.asarray(input_data)
# reshape the numpy array as we are predicting for only on instance
input_data _reshaped = input_data_as numpy array.reshape(1l,-1)
prediction = model.predict(input_data_reshaped)
print(prediction)
if (prediction[@]== 0):
print('The Person does not have a Heart Disease')

else:
print('The Person has Heart Disease')

[e]

The Person does not have a Heart Disease
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With growing development in the field of medical science alongside machine learning various
experiments and researches has been carried out in these recent years releasing the relevant
significant papers. The paper [1] propose heart disease prediction using KStar, J48, SMO, and
Bayes Net and Multilayer perceptron using WEKA software. Based on performance from different
factor SMO (89% of accuracy) and Bayes Net (87% of accuracy) achieve optimum performance
than KStar, Multilayer perceptron and J48 techniques using k-fold cross validation. The accuracy
performance achieved by those algorithms are still not satisfactory. So that if the performance of
accuracy is improved more to give batter decision to diagnosis disease. [2]In a research conducted
using Cleveland dataset for heart diseases which contains 303 instances and used 10-fold Cross
Validation, considering 13 attributes, implementing 4 different algorithms, they concluded
Gaussian Naive Bayes and Random Forest gave the maximum accuracy of 91.2 percent. [3]Using
the similar dataset of Framingham, Massachusetts, the experiments were carried out using 4
models and were trained and tested with maximum accuracy K Neighbors Classifier: 87%, Support

Vector Classifier: 83%, Decision Tree Classifier: 79% and Random Forest Classifier: 84
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	These models only apply in the areas where traditional healthcare system already exist.
	Also only limited number of users can access the doctor recommendation system. Meanwhile the user interface is also not effective.
	There are also noted difficulties like having trouble in finding best specialist for a specific disease.
	1.1 RELATED WORK

	I have reviewed five papers from different other sources to make this project. I studied the relationship between different algorithms and their performance in different scenarios for the prediction of disease.
	[1] Aim of this paper is to improve the slow and meticulous treatment method by introducing the ML technology. It is a comprehensive paper on the prediction of heart diseases. Prediction of the disease with the help of patient’s symptoms is done. A co...
	[2] In this paper then are given attributes in the dataset and it is studied on supervised binary classification. Datasets included in this paper are plasma glucose concentration blood pressure (mm Hg), bmi, age, etc. The improvement of software and s...
	[3] By this paper, it was concluded that the framework should be efficiently optimized in order to anticipate the disease, before visiting the doctor or performing a case of special diagnosis. This paper noted the accuracy being 95.28%, for random for...
	[4] This paper studies that the innovation has being scaled in healthcare industries and the ways to improve it further. The medical care industry gathers patient’s symptoms and history by applying data mining and the ML techniques are applied to pred...
	[5] It provided a heart disease related supervised learning algorithm. The algorithm included here are SVM, KNN, and Naïve bayes. The dataset contains 3000 objects and 14 features. Naïve bayes reported 86.6%, decision tree 78.69% and KNN reported 77.8...
	1.2 PROPOSED SYSTEM

	In this research I have discovered the answer for the issues looking in existing framework. In this system I have used three ML models namely KNN, Random Forest Classifier and Decision Tree Classifier to study the accuracy in predicting the disease us...
	Fig 1.1: - Proposed System Architecture
	1.3 ADVANTAGES OF PROPOSED SYSTEM
	1) The system could reduce medical errors and improve patient results.
	2) Simple method of getting to the application for Disease Prediction and Doctor Recommendation System
	3) General Disease Prediction based on symptom and specific Disease Prediction based on Medical parameters gives the output on the same interface.
	CHAPTER 2
	2.1 K-NEAREST NEIGHBOR
	A.  KNN is used as it is known to provide high accuracy on ml models. The quality of measure is dependent on the distance between k values.
	A.  KNN is used as it is known to provide high accuracy on ml models. The quality of measure is dependent on the distance between k values.
	1) Value of k is taken from range 1 to 21
	2) For each value of k, score is calculated
	3) The average of the scores is appended
	4) After applying cross validation a graph is plotted for score vs k value
	value of k is generated using
	k = sqrt(N)/2
	where N is total number of samples.
	2.2 RANDOM FOREST CLASSIFICATION

	Random Forest is used here as a classifier. It creates a random group of decision      trees and merges them together. The more is the number of trees, the more will               be accuracy.
	Random Forest is used here as a classifier. It creates a random group of decision      trees and merges them together. The more is the number of trees, the more will               be accuracy.
	1) Random Forest Classifier module is imported is imported from
	scikitlearn.
	2) Value of the decision tree is arbitrarily chosen as 10.
	3) Cross validation score is applied
	4) The mean of all the scores generated is calculated which gives us the   accuracy of the model.
	4) The mean of all the scores generated is calculated which gives us the   accuracy of the model.
	2.3 DECISION TREE CLASSIFICATION

	Decision tree is used here to create training model. To select the best attribute for the root node Gini index is used. It is a measure of purity or impurity while creating the decision tree.
	Decision tree is used here to create training model. To select the best attribute for the root node Gini index is used. It is a measure of purity or impurity while creating the decision tree.
	1) By applying the decision tree classifier through scikitlearn a decision   tree is generated with the best attributes.
	1) By applying the decision tree classifier through scikitlearn a decision   tree is generated with the best attributes.
	2) Data is splitted using entropy on an attribute
	Gain (T, X) = Entropy(T) - Entropy(T,X)
	T – Target Variable
	X- Feature to be split on
	3) The decision tree algorithm is fitted into the training set
	4) The test set results are predicted and its accuracy is generated.
	5) Finally we visualize the test set
	6) The results are calculated using Gini index and it is in the form of   confusion matrix.
	6) The results are calculated using Gini index and it is in the form of   confusion matrix.
	formula for Gini index is
	Gini=1−∑ni=1(pi)2
	where pi is the probability of an object being classified to a class.
	2.4 RECOMMENDATION SYSTEM

	Recommendation system is built using gradio  module which allows to build ML user interfaces conveniently.
	a. Welcome page is built by defining a function “greet” and assigning the user interface value
	b. iface.launch() is used to open the interface every time code is run.
	c. A system is developed to predict as well as assign doctor.
	CHAPTER 3
	The dataset was used from the source https://www.kaggle.com/ronitf/heart-disease-uci
	By reading the dataset and before the processing phase, histogram representation of the different attributes of the dataset has been derived. In the figure one can see the different correlations of the attributes with their measurements.
	Fig 3.1 : histogram depiction of the attributes of dataset.
	The different attributes of the datasets are listed below with their data types. Some of them are categorical data e.g. sex, cp, fbs, slope.
	In order to measure the accuracy we already have the target result in our dataset ( the target set should be of relatively equal size).
	Fig 3.2:  0 represent the number of patient which don’t have any heart diease and vice versa
	And after the phase of data preprocessing the graph for KNN has been plotted for k in range 1 to 21 I.e. for 20 k values.
	Fig 3.3: Graphical representation of KNN score for each value of k
	The above graph is plotted for Neighbors Classifier scores for different K values.
	Similarly for other models as well accuracy is calculated and is noted down in a tabular format given below.
	Table 1: Model name and their mean score
	After the accuracy for different models were calculated. Recommendation system was built using gradio module.
	Fig 3.4: Welcome page for users
	After that the user has to provide his/her medical report in order to verify that the data has been gathered from an actual Health Center. This phase is mainly for verification purpose. (Note: The paper is blurred on purpose as only verification is ne...
	Fig 3.5: Medical Report Submission for patient verification
	To avoid latency multiple patient’s report from the same hospital can be compared and plotted on a graph to find out easily who has more chances of having any kind of heart disease.
	Fig 6: Analysis of multiple patient to avoid latency.
	After the system gives output whether the patient has heart disease or not, he/she can schedule an appointment for the preferred time slot.
	Fig7: Doctor Appointment Portal
	CHAPTER 4
	CONCLUSION
	From the observations made it was found that on the given dataset K Nearest Neighbor recorded the highest accuracy of 85%, while the other two models failed to record such higher accuracy while limiting upto 81% and 78 % for Random Forest  and Decisio...
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	1. Importing the Dependencies
	import numpy as np import pandas as pd from sklearn.model_selection import train_test_split from sklearn.linear_model import LogisticRegression from sklearn.metrics import accuracy_score
	import numpy as np import pandas as pd from sklearn.model_selection import train_test_split from sklearn.linear_model import LogisticRegression from sklearn.metrics import accuracy_score
	2. Data Collection and Processing
	# loading the csv data to a Pandas DataFrame
	heart_data = pd.read_csv('/content/data.csv')
	# print first 5 rows of the dataset
	heart_data.head()
	# print last 5 rows of the dataset
	heart_data.tail()
	# number of rows and columns in the dataset
	heart_data.shape
	(303, 14)
	# getting some info about the data heart_data.info()
	# getting some info about the data heart_data.info()
	<class 'pandas.core.frame.DataFrame'> RangeIndex: 303 entries, 0 to 302 Data columns (total 14 columns):  #   Column    Non-Null Count  Dtype   ---  ------    --------------  -----    0   age       303 non-null    int64    1   sex       303 non-null  ...
	<class 'pandas.core.frame.DataFrame'> RangeIndex: 303 entries, 0 to 302 Data columns (total 14 columns):  #   Column    Non-Null Count  Dtype   ---  ------    --------------  -----    0   age       303 non-null    int64    1   sex       303 non-null  ...
	# checking for missing values
	heart_data.isnull().sum()
	age         0 sex         0 cp          0 trestbps    0 chol        0 fbs         0 restecg     0 thalach     0 exang       0 oldpeak     0 slope       0 ca          0 thal        0 target      0 dtype: int64
	age         0 sex         0 cp          0 trestbps    0 chol        0 fbs         0 restecg     0 thalach     0 exang       0 oldpeak     0 slope       0 ca          0 thal        0 target      0 dtype: int64
	# statistical measures about the data heart_data.describe()
	# statistical measures about the data heart_data.describe()
	# checking the distribution of Target Variable heart_data['target'].value_counts()
	# checking the distribution of Target Variable heart_data['target'].value_counts()
	1    165 0    138 Name: target, dtype: int64
	1    165 0    138 Name: target, dtype: int64
	1 --> Defective Heart
	0 --> Healthy Heart
	3. Splitting the Features and Target
	X = heart_data.drop(columns='target', axis=1) Y = heart_data['target']
	X = heart_data.drop(columns='target', axis=1) Y = heart_data['target']
	print(X)
	print(X)
	age  sex  cp  trestbps  chol  ...  exang  oldpeak  slope  ca  thal 0     63    1   3       145   233  ...      0      2.3      0   0     1 1     37    1   2       130   250  ...      0      3.5      0   0     2 2     41    0   1       130   204  ....
	age  sex  cp  trestbps  chol  ...  exang  oldpeak  slope  ca  thal 0     63    1   3       145   233  ...      0      2.3      0   0     1 1     37    1   2       130   250  ...      0      3.5      0   0     2 2     41    0   1       130   204  ....
	print(Y)
	print(Y)
	0      1 1      1 2      1 3      1 4      1       .. 298    0 299    0 300    0 301    0 302    0 Name: target, Length: 303, dtype: int64
	0      1 1      1 2      1 3      1 4      1       .. 298    0 299    0 300    0 301    0 302    0 Name: target, Length: 303, dtype: int64
	Splitting the Data into Training data & Test Data
	X_train, X_test, Y_train, Y_test = train_test_split(X, Y, test_size=0.2, stratify=Y, random_state=2)
	print(X.shape, X_train.shape, X_test.shape)
	print(X.shape, X_train.shape, X_test.shape)
	(303, 13) (242, 13) (61, 13)
	(303, 13) (242, 13) (61, 13)
	4. Model Training
	4.1 Logistic Regression
	model = LogisticRegression()
	model = LogisticRegression()
	# training the LogisticRegression model with Training data model.fit(X_train, Y_train)
	# training the LogisticRegression model with Training data model.fit(X_train, Y_train)
	LogisticRegression(C=1.0, class_weight=None, dual=False, fit_intercept=True,                    intercept_scaling=1, l1_ratio=None, max_iter=100,                    multi_class='auto', n_jobs=None, penalty='l2',                    random_state=None, s...
	LogisticRegression(C=1.0, class_weight=None, dual=False, fit_intercept=True,                    intercept_scaling=1, l1_ratio=None, max_iter=100,                    multi_class='auto', n_jobs=None, penalty='l2',                    random_state=None, s...
	#Fitting K-NN classifier to the training set
	from sklearn.neighbors import KNeighborsClassifier
	classifier= KNeighborsClassifier(n_neighbors=5, metric='minkowski', p=2 )
	classifier.fit(x_train, y_train)
	#Fitting Random Forest classifier to the training set
	from sklearn.ensemble import RandomForestClassifier
	classifier= RandomForestClassifier(n_estimators= 10, criterion="entropy")
	classifier.fit(x_train, y_train)
	#Fitting Decision Tree classifier to the training set
	From sklearn.tree import DecisionTreeClassifier
	classifier= DecisionTreeClassifier(criterion='entropy', random_state=0)
	classifier.fit(x_train, y_train)
	5. Model Evaluation
	Accuracy Score
	# accuracy on training data
	X_train_prediction = model.predict(X_train) training_data_accuracy = accuracy_score(X_train_prediction, Y_train)
	print('Accuracy on Training data : ', training_data_accuracy)
	print('Accuracy on Training data : ', training_data_accuracy)
	Accuracy on Training data :  0.8512396694214877
	Accuracy on Training data :  0.8512396694214877
	# accuracy on test data
	X_test_prediction = model.predict(X_test) test_data_accuracy = accuracy_score(X_test_prediction, Y_test)
	print('Accuracy on Test data : ', test_data_accuracy)
	print('Accuracy on Test data : ', test_data_accuracy)
	Accuracy on Test data :  0.819672131147541
	Accuracy on Test data :  0.819672131147541
	6. Building a Predictive System
	input_data = (62,0,0,140,268,0,0,160,0,3.6,0,2,2)  # change the input data to a numpy array
	input_data = (62,0,0,140,268,0,0,160,0,3.6,0,2,2)  # change the input data to a numpy array
	input_data_as_numpy_array= np.asarray(input_data)  # reshape the numpy array as we are predicting for only on instance
	input_data_reshaped = input_data_as_numpy_array.reshape(1,-1)  prediction = model.predict(input_data_reshaped)
	print(prediction)  if (prediction[0]== 0):   print('The Person does not have a Heart Disease') else:   print('The Person has Heart Disease')
	[0] The Person does not have a Heart Disease
	[0] The Person does not have a Heart Disease

