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Configuration Manual of Classification models for
Improving Identification of heart diseases

Ombkar Terdal Ramesh
x16104439

1 Introduction

Our Project ”Classification Models for Improving Identification of Heart Diseases in
Healthcare Industry : Eastern Europe” is about creating model for improving identi-
fication of heart diseases using data collected from a repository and showcase its severity
level using Machine learning algorithms and Artificial Neural network over a train and
test dataset. This configuration manual accompanies the Project report and helps in
understanding the configuration process for the duration of the project.

2 Environment configuration

We have used python through jupyter notebook to execute our project. As the data was
collected in a .csv file, we stored the data onto the system as the jupyter notebook can
access files directly on the system and can the software on the system itself. We are using
Anaconda v2.2019.10.



2.1 Anaconda

Here are the steps to download Anaconda v2.2019.10.We can access the installer from
the following link https://docs.anaconda.com/anaconda/install /hashes/win-2-64/ and we
can select the version we want to download.

<« (& Q O a https://docs.anaconda.com/anaconda/install/hashes/win-2-64/ e @ ﬁ Q s
» Home -

. . .
\ Anaconda Team Editon Anaconda with Python 2 on 64-bit Window
» Anaconda Enterprise 5 To verify the file integrity using MD5 or SHA-256, see cryptographic hash verification
» Anaconda Enterprise 4 * Hashes for Anaconda2-2019.10-Windows-x86_64.exe

+ Hashes for Anaconda2-2019.07-Windows-x86_64.exe
« Hashes for Anaconda2-2019.03-Windows-x86_64.exe
Installation « Hashes for Anaconda2-201812-Windows-x86_64.exe
Installing on Windows « Hashes for Anaconda2-5.31-Windows-x86_64.exe
* Hashes for Anaconda2-5.3.0-Windows-x86_64.exe
+ Hashes for Anaconda2-5.2.0-Windows-x86_64 exe
Installing on Linux + Hashes for Anaconda2-5.1.0-Windows-x86_64.exe
+ Hashes for Anaconda2-5.01-Windows-x86_64.exe
« Hashes for Anaconda2-5.0.0-Windows-x86_64.exe
* Hashes for Anaconda2-4.4.0-Windows-x86_64.exe
Installing for multiple users + Hashes for Anaconda2-4.31-Windows-x86_64.exe
« Hashes for Anaconda2-4.3.01-Windows-x86_64 exe
+ Hashes for Anaconda2-4.3.0-Windows-x86_64.exe
Anaconda installer file hashes + Hashes for Anaconda2-4.2.0-Windows-x86_64.exe
* Hashes for Anaconda2-411-Windows-x86_64.exe

~ Anaconda Individual Edition

Installing on macOS

Installing on Linux POWER

Installing in silent mode
Verifying your installation

Updating from older versions

Figure 1: Anaconda Download site

2.2 Local system specifications

We used the local system to make a remote connection to the jupyter notebook. The
laptop used is a Asus GL702VM and its specifications are shown below in Figure

Windows edition

Windows 10 Home.

® 2019 Microsoft Corporation. All rights reserved. == Wl n d OWS 1 O
System

Manufacturer ASUSTek Computer Inc.

Modek GLT02YM

Processor: Intel(R) Core(TM) i5-6300HC: CPU @ 2.30GHz 230 GHz —y

Installed memory (RAMJ: 16,0 GB N SEARCH OF INCREDIBLE

System type: 64-bit Operating System, x64-based processor

Pen and Touch: No Pen or Touch Input is available for this Display

Figure 2: Local system specifications

2.3 Python Libraries

We have installed the enlisted python libraries with corresponding versions as shown
below in the Table.



Libraries Versions

numpy (numpy, 2020) 1.18.2
Pandas (Pands, 2020) 1.0.3
Matplotlib (matplotlib, 2020) 3.2.1
cv2 4.1.2

sklearn (scikit, 2020)

1.8.0

tensorflow (tensorflow, 2020) 2.2.0-rc3

3 Data Collection

Shown Below is a part of our dataset which is stored locally on the system. The dataset
has 16 attributes and over 4000 rows. They are sufficient enough to run this project. In
the the below shown Figure |3| you can see the dataset.

A B Z D E F G H | J K L M N (o} P
gender lage education currentSmoker cigsPerDay BPMeds prevalentStroke prevalentHyp  diabetes totChol sysBP diaBP BMI heartRate glucose Label
1 39 4 0 a o a ] o 195 106 70 26.97 80 77 a
0 a6 2 o 0 0 0 o 0 250 121 81 28.73 95 76 o
1 a8 1 1 20 0 0 o 0 245 127.5 80 25.34 73 70 o
0 61 3 1 30 0 o 1 0 225 150 95 28.58 65 103 1
0 46 3 1 23 0 o ] 0 285 130 84 23.1 85 85 0
0 43 2 ] 0 0 0 1 0 228 180 110 30.3 77 99 ]
0 63 1 ] ] 0 ] 0 0 205 138 71 33.11 60 85 1
0 45 2 1 20 0 ] 0 0 313 100 71 21.68 79 78 ]
1 52 1 ] o 0 o 1 0 260 141.5 89 26.36 76 79 o
1 43 1 1 30 0 o 1 0 225 162 107 23.61 93 88 o
0 50 1 ] o 0 o 0 0 254 133 76 2291 75 76 o
1) 43 2 o o 1) o o 0 247 131 88 27.64 72 61 0
1 46 1 1 15 1) o 1 0 294 142 94 26.31 98 64 0
0 a1 3 o 0 1 0 1 0 332 124 88 3131 65 84 o
0 39 2 1 9 0 0 0 0 226 114 64 22.35 85 NA o
0 EL 2 1 20 0 0 1 0 221 140 90 21.35 95 70 1
1 a8 3 1 10 0 0 1 0 232 133 90 22.37 64 72 0
o 46 2 1 20 o 0 o 0 291 112 78 23.38 80 89 1
o L 2 1 5 o 0 o 0 195 122 BAS 23.24 75 78 o
1 a1 2 o 0 0 0 o 0 195 139 88 26.88 85 65 o
0 a2 2 1 30 0 0 o 0 190 108 70.5 21.59 72 85 o
0 43 1 o o 0 o ] 0 185 123.5 77.5 29.89 70 NA 0
0 52 1 o o 0 o ] 0 234 148 78 34.17 70 113 0
0 52 3 1 20 0 0 ] 0 215 132 82 25.11 71 75 ]
1 44 2 1 30 0 0 1 0 270 137.5 90 21.96 73 83 ]
1 a7 4 1 20 0 ] 0 0 294 102 68 24.18 62 66 1
0 60 1 ] ] 0 ] 0 0 260 110 725 26.59 65 NA ]
1 35 2 1 20 0 o 1 0 225 132 91 26.09 73 83 o
0 61 3 ] o 0 o 1 0 272 182 121 32.8 85 65 1
1) 60 1 o o 1) o o 0 247 130 88 30.36 72 74 0
1 36 4 1 35 1) o o 0 295 102 68 28.15 60 63 0
1 a3 4 1 43 0 0 0 0 226 115 85.5 27.57 75 75 o
0 59 1 o 0 0 0 1 0 209 150 85 20.77 S0 88 1
1 61 NA 1 5 0 0 0 0 175 134 B2.5 18.59 72 75 1
1 54 1 1 20 0 0 1 0 214 147 74 24.71 96 87 0
1 37 2 o 0 o 0 1 0 225 124.5 92.5 38.53 95 83 o
1 56 NA o 0 o 0 o 0 257 153.5 102 28.09 72 75 o

Figure 3: Dataset and Attributes



3.1 Data Storage

Shown in Figure [4] below is the path where the collected data is stored for the project.
The data is stored in the datasets folder to access the data through the Jupyter notebook.
This the installation folder for Anaconda.

ey

Mame Date modified Type Size

Jdpynb_checkpoints 15-08-2020 15:13 File folder

Datasets 12-06-2020 11:14 File folder

rmodel 2-06-2020 11:14 File folder

test_sample 2-06-2020 11:14 File folder

Traning_Testing 2-06-2020 11:14 File folder
Anaconda.bat 05-08-2020 11:41 Windows Batch File 1KE
D Anaconda.txt 05-08-2020 11:40 Text Document 1KB
D Heart_Disease_Using_ML.ipynk 14-08-2020 20:36 IPYME File 175 KB
D Heart_Disease_Using_ML-Copylipynb 16-08-2020 11:43 IPYME File 184 KB
D Heart_Disease_Using_ML-Copy2.ipynb 15-08-2020 1513 IPYME File 183 KB
D Test.ipynb 31-07-2020 11:28 IPYME File 14 KB

Figure 4: Dataset and Attributes



4 Jupyter notebook

In this section we will run jupyter notebook with the help of anaconda. The below
Figure shows that in order to run jupyter notebook, we need to first launch the command
prompt from the same directory. And the run the anaconda batch file to load the required
libraries into jupyter notebook.

MName a Date modified Type Size

\ipynb_checkpoints File folder
Datasets File folder
model File folder
test_sample File folder
Traning_Testing File folder
Anaconda.bat Nindows Batch File 1KB
Anacondatxt Text Document 1KB
Heart_Disease_Using_ML.ipynb PYMNE File 175 KB
Heart_Disease_Using_ML-Copyl.ipynb PYME File 184 KB
Heart_Disease_Using_ML-Copy2.ipynb PYNB File 83 KB

| Test.ipynb PYMNE File 4KB

Figure 5: Command prompt



We then launch jupyter notebook after the libraries have been loaded.

warme vate muuanies ype e
ipynb_checkpoints File folder
Datasets File folder
model File folder
test_sample File folder
Traning_Testing File folder

=| Anaconda.bat Nindows Batch File 1KB

Anacondatxt Text Document KB

Heart_Disease_Using_ML.ipynb PYME File 75 KB

Heart_Disease_Using_ML-Copy1.ipynb PYNE File 84 KB

Heart_Disease_Using_ML-CopyZ2.ipynb PYME File 83 KB

| Test.ipynb PYME File 14 KB

EE C:\Windows\System32icmd.exe - m} X

Mi t

Figure 6: Launching Jupyter notebook

After the Jupyter notebook is lauched it establishes a connection to the directory and
opens in the default web browser with the files from the directory.



Name . Date modified Type

.ipynb_checkpoints File folder
Datasets File folder
model File folder
test_sample File folder
Traning_Testing File folder
5| Anaconda.bat Windows Batch File 1 KB
Anacondatxt Text Document 1 KB
Heart_Disease_Using_ML.ipynb PYNE File 175 KE
Heart_Disease_Using_ML-Copyl.ipynb PYNE File KB
Heart_Disease_Using_ML-Copy2.ipynb PYNE File 23 KB
| Testipynb PYNE File 14 KB
B C\Windows\System32\cmd.exe - m} Pas

yter notebook

Figure 7: Loading Jupyter notebook

5 Implementation

We go ahead and import all the necessary libraries required for our project. The Figure
[9 below shows the libraries imported.

We go ahead and load the data into the Jupyter notebook by using the read command.
The Figure [10] shows how.



Figure 8: Jupyter Notebook

‘ 'Jupyter Heart Disease Using ML-Copy1 Last Checkpoint: 08/05/2020 (autosaved)

File Edit View Insert Cell Kemel Widgets Help
B+ = @B 4 4 MRun B C W Warkdown v =
import lib

In [1]:  import pandas as pd

import numpy as np

import itertools

from sklearn import preprocessing

from sklearn.model selection import train test split

import matplotlib.pyplot as plt

import seaborn as sns

from sklearn.metrics import classification report, confusion matrix, accuracy_score
import pickle

Figure 9: Jupyter Libraries

5.1 Implementation of ANN

f’ Logout

| Python 3 O

We will first divide the data into training data and test data. This is ensure that the

models can perform and hope to achieve the maximum efficiency.Figure

5.1.1 Data preprocessing

We preprocess the data as required by the ANN model by using keras and converting the

data into arrays of data. The following figure [12] demonstrates it.

5.1.2 Building and training ANN

We will build a sequential model, compile the model and Fit the model to run through
epochs. This model runs successfully through a 100 epochs and yields a result of 85.61

accuracy.



load data

In [2]: df = pd.read csv('Datasets/Heart Data.csv')

In [3]: df.head()

=]

gender age education currentSmoker cigsPerDay BPMeds prevalentStroke prevalentHyp diabetes totChol sysBP diaBP  BMI heartRate glucose La

0 1 39 4.0 0 0o 0o 0 0 0 1950 1060 70.0 2697 80.0 7.0
1 0 45 20 0 0o oo o o 0 2500 1210 81.0 2873 95.0 76.0
2 1 48 10 1 200 0o 0 0 0 2450 1275 800D 2534 75.0 700
3 0 & a0 1 300 0o 0 1 0 2250 1500 950 2858 65.0 103.0
4 0 46 3.0 1 230 0.0 0 0 0 2850 1300 840 2310 85.0 85.0
< >

In [4]: df.columns

ut:[4]: Index(['gender', "age', 'education', 'currentSmoker', 'cigsPerDay', 'BEMeds’',
'prevalentStroke', 'prevalentHyp', 'diabetes', "totChol', 'sysBE',
'diaBP', 'BMI', 'heartRate', 'glucose', 'Label'],
dtype='object'})

Figure 10: Loading Data into Jupyter notebook

ANN

In [5]: df.dropna(axis=0,inplace=True)

In [&8]: dataset = df.values

: dataset
1: array([[ 1., 39., 4., ..., BO., T7., 0.1,
[ 0., 46., 2., ..., 95., 76., 0.1,
[ 1., 48., 1., ..., 75., 70., 0.1,
[ 0., 52., 2., ..., BO., 107., 0.1,
[ 1., 40 3., ..., a7 7z 0.1,
[ 0., 39., 3., ..., B5., BO., 0.11)
In [B]: X = dataset[:,0:15]
print (X)

¥ = dataset[:,15]

[r 1. 39, 4. ... 268.97 BO. 77. 1
[ 0. 4a. 2. ... 2B.73 95 76 1
[ 1. 48. 1. ... 25.34 75, T0. 1
[ 0. 52. 2. ... 21.47 BO. 107. ]
[ 1. 40. 3. ... 25.8 67 72, ]
[ o. 39. 3. ... 20.91 B5. BO. 1]

Figure 11: Data Distribution to training and test data

5.1.3 Visualization

The Following plot graph shows the loss during epochs (Figure . And followed by that
we can see the Accuracy graph of the model displayed with the help of the plot command

(Figure
5.1.4 Conclusion

The following figure 17| shows the accuracy, precision, recall, fl-score and support of the
ANN model.



preprocessing

In [9]: | from keras.models import Sequential
from keras.layers import Dense, ImputLayer, Flatten, BatchNormalization

Using TensorFlow backend.

In [10]: |min max scaler = preprocessing.MinMaxScaler()
¥ _scale = min max scaler.fit transform(X)

In [11]: ¥X_scale
Out[11]: array([[1. .
.10451977],
[o. .
.10169492],
[1. ., 0.42105263, 0. R
084745761,

=1

0.18421053, 1. ;owen, 0.27702375, 0.36363636,

=1
=}

-36842105, 0.33333333, ..., 0.31968008, 0.51515152,

=)
=}

.23751818, 0.31313131,

=}

[o. ,
1809265547,
[L. , 0.21052632, 0.66666667, ...,
.09039548],
[o. ’
0.11289435]1)

0.52631579, 0.33333333, ...,

=1

.14372273, 0.3e6363636,

=)
=}

.24381968, 0.23232323,

=}
=}

18421053, 0.66666667, ...,

=}

.13015027, 0.41414141,

In [12]: X train, X wal and test, ¥ train, Y wal and test = train test split(X scale, ¥, test size=0.3)
%X val, X test, ¥ val, ¥ test = train test split(X val and test, ¥ val and test, test_size=0.3)
print (X_train.shape, X val.shape, X test.shape, Y train.shape, ¥ val.shape, Y test.shape)

(2560, 15) (549, 15) (548, 13) (2580,) (549,) (549,)

Figure 12: Data preprocessing for ANN

5.2 Implementation of Random Forest and SVM Models
5.2.1 Data preprocessing

We need to preprocess the data again in a different way to feed it to both the random
forest and SVM models. These are machine learing algorithms and hence need to be
preprocessed differently compared to Artificial Neural networks. Figure

We go ahead and plot the attributes of the dataset. This provides and idea on how to
approach the Models for increased performance and accuracy. Figure

We consider the gender attribute to be labelled and plotted to see the number of entries
they have and how we can make use of it. Figure

We then plot the gender compared to age to see calculate the age group for the most
affected are. This figure 21| shows us that the most case received are between the ages of
39-48.

Keeping age groups and gender as our two main attributes for the models we will
further train the data into training set and test set. As shown in the Figure

5.2.2 Random Forest Model

We train the random forest model and input the training and test data. As shown in
Figure 23| The Random Forest model yielded an accuracy of 85.06. With the precision
being 0.85, recall being 1.00 and fl-score being 0.92. as shown in figure [24]

10



Building and Training Our Artifcial Neural Network

In [13]: model = Sequential ([
Dense (32, activation='relu', input shape=(13,)),
Dense (32, activation: u'),
Dense (1, activation='sigmoid"),

1)

WARNING: tensorflow:From C:\Users\Cmkar‘\Enaconda3\lib\site-packages\keras\backend\tensorflow backend.py:74: The name tf.get
default_graph is deprecated. Please use tf.compat.vl.get default graph instead.

WARNING: tensorflow:From C:\Users\Cmkar‘\Rnaconda3\lib\site-packages\keras\backend\tensorflow backend.py:517: The name tf.pla
ceholder is deprecated. Please use tf.compat.vl.placeholder instead.

WARNING: tensorflow:From C:\Users\Cmkar‘\Enaconda3\lib\site-packages\keras\backend\tensorflow backend.py:4138: The name tf.ra
ndom uniform is deprecated. Please use tf.random.uniform instead.

In [14]: model.compile (optimizer='=gd’',
loss="binary_ crossentropy’,
metrics=["accuracy'])

WARNING: tensorflow:From C:\Users\Cmkar‘\Rnaconda3\lib\site-packages\keras\optimizers.py:790: The name tf.train.Optimizer is
deprecated. Please use tf.compat.vl.train.Cptimizer instead.

WARNING: tensorflow:From C:\Users\Cmkar‘\Anaconda3\lib\site-packages\keras\backend\tensorflow backend.py:3376: The name tf.lo
g is deprecated. Please use tf.math.log instead.

WARNING: tensorflow:From C:\Users\Cmkar‘\Anaconda3\lib\site-packages\tensorflow\python\ops\nn impl.py:180: add dispatch suppo
rt.<locals>.wrapper (from tensorflow.python.ops.array ops) is deprecated and will be removed in a future version.
Instructions for updating:

Use tf.where in 2.0, which has the same broadcast rule as np.where

Figure 13: Training ANN

5.2.3 SVM Model

We train and fit the SVM model with the training and test data. The following Figure
shows how. The SVM model yielded an accuracy of 84.79. The precision 0.85, recall
is 1.0, and fl-score is 0.92. As shown in Figure [26]

6 Comparison

Once we aquired all the accuracy from the models we ran, we felt the need to compare
the results just to see how close or how far apart the artificial neural network techniques
is from the machine learning techniques. The highest accuracy was yielded by ANN.
Though the ANN technique’s accuracy was a bit higher than other techniques, we can
conclude that in the case of disease identification every small amount is considered and
can come to great help. The following plot will show the differnce in the accuracies.

Figure [27]

7 Section 6

Your sixth section. Change the header and label to something appropriate.

References
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In [15]: hist = model.fit(X train, Y train,

batch_size=32, epochs=100,
validation data=(¥_val, Y wal})

WERNING:tensorflow:From C:\Users\Omkar\Rnaconda3\lib\site-packages\keras\backend\tensorflow backend.py:986: The name tf.a
ssign_add is deprecated. Please use tf.compat.vl.assign add instead.

Train on 2560 samples, validate on 54% samples
Epoch 1/100

2560/2560 [ 1 - 0s
6EQ

Epoch 2/100

2560/2560 [ 1-0
B89

Epoch 3/100

2560/2560 [ 1 - 0s
89

w

Epoch 4/100
2560/2560 [ 1-0
89
Epoch 5/100
2560/2560 [
89

@

|
=1
7]

In [16]: model.evaluate (X test, Y test)[1]

In [17]:

In [1B]:

549/549 [

0.8561020037515568

190us/step - loss: 0.6465 - acc: 0.6555 - wal loss: 0.5266 - val_acc: 0.8

35us/step -

34us/step -

35us/step -

34us/step -

0s &0us/step

loss:

loss:

loss:

loss:

0.5035

0.486586

0.4531

0.44735

acc:

acc:

acc:

acc:

Figure 14: Building ANN

Visualizing Loss and Accuracy

plt.plot (hist.history['loss'])

plt.plot(hist history['val loss'])
plt.title("Model loss')

plt.ylabel('Loss")

plt.xlabel ('Epoch')

plt.legend(['Train’', 'Val'l, loc="upper right')
plt.show()

Model loss

0.55

Figure 15: Loss in ANN

plt.plot (hist.history['acec'])

plt.plot(hist. history['val acc'])
plt.title('Model accuracy')

plt.ylabel ('Accuracy')

plt.xlabel ('Epoch')

plt.legend(["Train', 'val'], loc='lower right')
plt.show ()

Model accuracy

0850
|
0.845 N W AN
— Uy
& N !
C 0840
5
o
e
0835
0830 — Train
Val
0 2 ‘ : P 100

Epoch

Figure 16: Accuracy for ANN
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0.8422

0.8422

0.8422

0.8422

val loss:

val loss:

val loss:

val loss:

0.4504

0.4248

0.4145

0.4085

val acc: 0.86

val acc: 0.86

val acc: 0.86

val acc: 0.86



In [22]: ¥ pred = model.predict(X tesat)
¥ _pred = np.round(Y_pred.flatten())

In [23]: accuracy = accuracy_score (¥ test, ¥ pred)
print ("Bccuracy: %.2f%%" % (accuracy*100))

Bccuracy: B85.25%

In [24]: print(classification_report(¥ test, ¥ pred))

precision recall fl-score support

0.0 0.85 1.00 0.92 468

1.0 0.30 0.01 0.02 Bl
accuracy 0.85 549
macro avg 0.68 0.51 0.47 540
weighted avg 0.80 0.85 0.7¢8 549

Figure 17: Conclusion for ANN

Data preprocessing and Data Analysis for ML

In [22]: | df = pd.read csv('Datasets/Heart_Data.csv')
In [23]: df=df.dropna(axis=0)

In [24]: from numpy import set printoptions
from sklearn.feature selection import SelectKBest
from sklearn.feature selection import £ classif

= df.drop(['Label"], axis=1}

E abel']

feature extraction

test = SelectRBest(score_func=f classif, k=%)
fit = test.fit (X, y)

# summarize scores

set_printoptions (precision=3)
print(fit.scores )

features = fit.transform(X)

# summarize selected features

print (features[0:5,:])

[ 30.996 211.751 14.898  1.343 9.81g 28.281 B.572 124.379 32.185
30.757 191.001 E4.298 24.783 1.539 55.229]

[[ 39. 0. 10e. 70. 1
[ 46. Q 121. g8l. 1]
[ 48. 0. 127.5 80. ]
[ el. 1. 150. 95. 1
[ 48 Q 130. 84. 11

Figure 18: Data preprocessing for ML Methods

13



In [28]: df.columns=

Out[28]: Index(['gender', "age', 'education', 'currentSmoker', 'cigsPerDay', 'BEMeds',
'prevalentStroke", ‘prevalentHyp', 'diabetes', 'totChol', 'sysBF',
'diaBP', 'BMI', 'heartRate', 'glucose', 'Label'],
dtype="object'})

In [29]: name = ['gender', 'age', '"education', 'currentSmoker', "cigsPerDay', 'BFMeds®,
"prevalentStroke’, 'prevalentHyp', 'diabetes', 'totChol', 'sysBP',
"diaBP", 'BMI', ‘heartRate', 'glucose']
importance = fit.scores

In [30]: | plt.figure(figsize=(40,15), dpi=100)
sns.barplot (x=name, y=importance)

Out[30]: <matplotlib.axes. subplots.hxesSubplot at 0x2349023B508>

o

Figure 19: Plotting Attributes

In [28]: | plt.figure(figsize=(15,7), dpi=100)
sns.countplot (x='gender', hue="Label',data—df, palette="Setl')

out[28]: <matplotlib.axes. subplots.AxesSubplot at 0x14b70d191c8>

Label
1750

- 1

1500

1250

1000

count

250 1

gender

Figure 20: Gender plot




In [29]: plt.figure{figsize=(15,7), dpi=100)
sns.countplot (x="age', hue="Label"',data=df, palette='Setl")

Cut[28]: <matplotlib.axes. subplots.AxesSubplot at 0x14b70el2248>

160 Label

-1
140

120

100

count

80

60

20

32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 0
ace

Figure 21: Age group plot

In [38]: X = df.drop('Label’', axis=1)
y = df['Label’']
x_train, x test, y_train, y_test = train test_split(X, y, test_size=0.30, random state=1031)
x_train.head(10)
out[36
gender age education currentSmoker cigsPerDay BPMeds p Stroke pl tHyp  di totChol sysBP diaBP  BMI heartRate glucose
111 0 52 20 0 0.0 0.0 0 1 1 6000 1595 940 2827 78.0 140.0
3938 0 49 a0 1 4.0 0.0 ] 1 0 2270 1500 910 2430 88.0 83.0
2469 1 48 40 1 20.0 0.0 0 1 0 2590 1350 900 2072 102.0 810
221 0 38 20 1 9.0 0.0 ] 0 0 1800 1240 660 2929 85.0 63.0
2916 0 45 10 0 0.0 0.0 0 0 0 2100 1200 720 2201 75.0 93.0
2416 1 56 20 1 20.0 0.0 0 1 0 2050 2100 1300 2549 95.0 127.0
2225 1 38 40 0 0.0 0.0 0 0 0 2400 1225 800 2397 60.0 43.0
875 1 39 20 1 300 0.0 0 0 0 2250 1280 865 2513 74.0 100.0
3042 0 38 4.0 1 3.0 0.0 0 0 0 177.0 1260 800 2384 90.0 79.0
1653 1 39 3.0 1 20.0 0.0 0 0 0 1480 101.0 G20 2447 70.0 81.0

In [37]:|print(x_train.shape, x test.shape, y train.shape, y_test.shape)
(2560, 15) (1098, 15) (2560,) (L1098,)

In [3E8]: x_train.t,u_excelt'TIaning_TEatinng_train.xlsx', index=False)
x_test.to_excel( 'Traning_’festingf’x_test .xlsx', index=False)

v_train.to_excel('Traning Testing/y_train.xlsx', index—=False)
v_test.to_excel('Traning Testing/y test.xlsx', index—False)

Figure 22: Training the Data

Training the Random Forest model

In [34]: | from sklearn.ensemble import RandomForestClassifier
In [35]: rfe = RandomForestClassifier(n_estimators=600)

In [36]: rfe = rfe.fit(x train,y train)

Figure 23: Training Random Forest
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In [42]:
In [43]:
In [44]:
In [45]:
In [4&]:
In [47]:
In [4B]:
In [48]:

In [45]:
In [46]:
In [48]
In [48]
In [49]

Predictions and Evaluation of RF Model

predictions_rf = rfc.predict(x_test)
acc_rf = accuracy score(y_true=y_test, y pred= predictions_rf)
print ("Overall accuracy of ADA model using test-set is : %f" %(acc rf*100)})

Cverall accuracy of ADA model using test-set is : 85.063752

print(classification report(y test,predictions rf))

precision recall fl-score support

Q 0.85 1.00 0.92 931

1 0.64 0.04 0.08 187

accuracy 0.85 1008
macro avg 0.74 0.52 0.50 1008
weighted avg 0.82 0.85 0.79 1008

print(confusion matrix{y test,predictions_rf})})

[[927 4]
(160 711

filename="model/rf model.sav"
pickle.dump (rfc, open(filename, 'wb'))

Figure 24: Evaluation of RF

Training the SVM model

from sklearn.svm import SVC
model svm = SVC()

model svm.fit(x train, y train)

C:\Users\Omkar\Anaconda3\lib\site-packages\sklearn\svm\base.py:193: FutureWarning: The default value of gamma will change f

rom 'auto' to 'scale' in version 0.22 to account better for unscaled features. Set gamma explicitly to

avoid this warning.
"avoid this warning.", FutureWarning)

svC(Cc=1.0, cache_size=200, class_weight=None, coef0=0.0,
decision_function shape='ovr', degree=3, gamma='auto_deprecated’,
kernel='rbf', max iter=-1, probability=False, random state=None,
shrinking=True, tol=0.001, verbose=False)

Figure 25: Training SVM Model

Predictions and Evaluation

predictions_svm = model svm.predict(x_test)
acc_svm = accuracy_score (y_true=y test, y pred= predictions_svm)
print("Cverall accuracy of 5VM model using test-set is : %f" %(acc_svm*100))

COverall accuracy of SVM model using test-set is : 84.790528

print (classification report(y_test,predictions_svm})

precision recall fl-score support

L] 0.85 1.00 0.892 931

1 0.00 0.00 0.00 187

accuracy 0.B5 1098
macro avg 0.42 0.50 0.46 1098
weighted avg 0.72 0.8B3 0.78 10098

print(confusion matrix(y test,predictions_svm))

[res1 L1}
[167 01]

filename="model/svm model.sav'
pickle.dump (model svm, open(filename, 'wh'))

Figure 26: Evaluation of SVM
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Comparation

In [50]: 1i x [ 'Bvw', 'RE', "s5VM']
1i_y = [ accuracy, acc_rf,acc_swvm]

In [51]: 1i = []
for i in 1i_y:
print{i)
1i.append(i*100)

0.B597449908925319
0.B478052823315119
0.B479052823315119

In [52]: import seaborn as sns
print(1li)
sns.barplot (x=11_x, y=1i})
[85.97449908925319, B84.789052823315118, £4.789052823315118]

Cut[52]: «<matplotlib.axes._subplots.AxesSubplot at 0x15502c0d4408>

Figure 27: Comparison of ANN, RF and SVM
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