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° df = pd.read_csv('heart.csv')
df.head()]

Data Analysis - importing

age sex cp trestbps chol fbs restecg thalach exang oldpeak slope ca thal target

o 68 1 3 145 233 1 0 150 0 2.3 o 0 1 1
o FcsviElldataframe E A 1 37 1 2 130 250 0O 1 187 0 35 0o 0 2 1
2 41 0 1 130 204 0 0 172 0 14 2 0 2 1
° head() B R %IREE U 3 56 1 1 120 236 0 1 178 0 0.8 3 B .2 1
4 57 0 0 120 354 0 1 163 1 0.6 2 0 2 1

o .shape() EEHEZHEBWULATE
[5] print{'Heart Disease data set dimension: {}'.format(df.shape))
e .groupby(‘target’) @EBE B D HEE e e

N Heart Disease data set dimension: (383, 14) o df.info()
A7) A
[ ] |nf0() *Eﬂéﬁ ﬁﬁ;l'TE(Non NU”) \7|‘4¢E\/Dj|_ ;ar‘ge;:;s [+ <class "pandas.core.frame.DataFrame’>
ztype%ﬁintﬁa RangeInilex: 303 en11:Pies, ? to 382
: Dat tot 14 :
(Dtype) o gRBmmmERK P Gt i G oo
25 222 9 g D e 0 nenmll  inces
sex non-nu in
- ﬁ303 -I-’I' \141@“5%1}1 2 «cp 383 non-null inte4
3  trestbps 383 non-null inte4
=I= [~ _ .
-» BERERIR F — A FMBEM SR BFEEERN D s oM el imees
& restecg 383 non-null ::Lnt64
— RERAEL P owong 303 nenmll  intes

8 oldpeak 383 non-null floatsd
N T Py 18 slope 363 non-null inte4
- ;:\l:l\jE/Ll\H;’EEJﬁ 138 i 11 ca 383 non-null inte4
12 thal 383 non-null inte4d

13 target 383 non-null inte4

- ﬁltl\ﬂﬁﬁ 165 % dtypes: floated(1l), inté4(13)

memory usage: 33.3 KB
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Data Analysis - correlation & Feature Selection

> E3IRBltargetA IE HHEIRY R (L:
o ¢p(0.43): BELBOKRBHNARS A /LR
o thalach(0.42): O\ XS EINA /OB IE
o slope(0.35): DEE&EESS-TERHRIZF AR

exang
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cp 0.3 talch
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Data Analysis & Feature Selection

df[['cp', '"target']].groupby(['cp'], as_index=False).mean().sort_values(by='target', ascending=False)

df[['thal', 'target']].groupby(['thal'], as_index=False).mean().sort_values(by='target', ascending=False)

df[['slope’, 'target']].groupby(['slope’'], as_index=False).mean().sort_values(by="target', ascending=False)

cp target thal target
slope target

1 1 0.820000 | S8, \&%E 2 2 0.783133 ol iR A P ®

2 2 0.753521 e~
2 2 0793103 |FENKE 0 0 0.500000 Fe

B 0 0 0.428571 @

3 3 0.695652 | fEAEIRAY 1 1 0.333333 ] E iR A3

1 1 0.350000 | ‘FiB
0 0 0272727 |BENKRE 3 3 0.239316 HAth




Encoding, Standardizing

Encoding & 87U {iI

# encoding
col dis = ['ca’, "cp’, '"exang', 'ftbs', 'restecg’', 'sex', "slope’,
df = pd.get dummies(df, columns=col dis, drnp_FiP5t=True}|

‘thal']

RE(CERE

from sklearn.preprocessing import StandardScaler
df std = pd.DataFrame(df, columns=df.columns)

X std = df std.drop([ "target’'], axis=1)

y std = df std[ "target’]

df std = StandardScaler().fit transform(df std)

10
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‘ Training . ‘ Testing .

4 ) 4 )

70% 2125ER 30% 9M1EE#H

- J - J

# define feature & target

X = df.loc[:, df.columns != "target’']

y = df[ "target’]

# Spliting dataset

X _train, X test, y train, y test = train_test split(X, y, test size=8.3, random state=18)
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Decision Tree
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B st .

HNA 7RI entropy - fiX/E max_depth% 3 £2 random_state & 10125 AR 151 ol 3 0
[T
A1 BEFORE Standardization C
5
Accuracy on trianing set: 84.43% = 1. 3 a5
Accuracy on testing set: 82.42%
Scores of 5-fold cross validation: [©.81967213 ©.81967213 ©.704591803 0.7 0.8 ]
Average score from 5-fold cross validation: 76.89% ﬁ?dknﬂjhhe1
Confusion Matrix:
[[33 11]
[ 5 42]]
JAZET AFTER Standardization %ﬁﬁ;ﬁ%
e
Accuracy on trianing set: 84.43% Tﬁ/
Accuracy on testing set: 82.42% Satony 0,64
. . samples = 93
Scores of 5-fold cross validation: [©.81967213 ©.81967213 ©.70491803 0.7 ﬁﬁ%ﬁﬁﬁ
Average accuracy from 5-fold cross validation: 76.89% M////
Confusion Matrix: chol <= 2405 thalach <= 1195
Ern:mp)lr 29.339 mtmp)ll = ??218
[ [ 33 11 ] dv:ﬁ?%ﬁé 18] d::lt@%e&éiam
[ 5 42 ] ] ass = Not aving = Not ving
entropy = 0.831‘/ entrupyl: 0.811 entropy = 0.918 py =0.845
samples = 19 samples = 16 samples = 6 samples = 66
value =[5, 14] value = [12, 4] value = [2, 4] value = [18, 48]
class = Not Having class = Having class = Not Having class = Not Having

14



plx|A)
The probability
of observing x,

if x came from plx | B)
the Class A The probability
distribution of observing x,
if x came from
the Class B
distribution

=
X
(x—p )lo, (x—pg)log
z-score distance of x z-score distance of x
from Class A from Class B

E [ BEFORE Standardization

Accuracy on trianing set: 82.55%

Accuracy on testing set: 86.81%

Scores of 5-fold cross validation: [©.80327869 ©.8852459 ©.80327869 ©.76666667 ©.73333333]
Average accuracy from 5-fold cross validation: 79.84%

Confusion Matrix:

[[37 7]

[ 5 42]]

B AFTER Standardization

Accuracy on trianing set: 82.55%

Accuracy on testing set: 86.81%

Scores of 5-fold cross validation: [©.80327869 ©.8852459 ©.80327869 0.76666667 ©.73333333]
Average accuracy from 5-fold cross validation: 79.84%

Confusion Matrix:

[[37 7] o !
[ 542]]
0 1 ar T
W
=]
Ja
i K}
=
=]
1 4 5 42

predicted label 15



ROC Curve & AUC

transformed = pd.DataFrame(StandardScaler().fit_transform(X_train))

pipeline = make_pipeline(StandardScaler(), GaussianNB())
pipeline.fit(X_train, y_train)

transformed = pd.DataFrame(StandardScaler().fit_transform(X_test))

pipeline = make_pipeline(StandardScaler(), GaussianNB())
pipeline.fit(X_test, y_test)

Receiver Operating Characteristic Plot for training Receiver Operating Characteristic Plot for testing
10 4 10 4
E 08 g 08
Ly %"15 1
2 04 £ 04
8 ROC curve (area = 0.88) g ROC curve (area = 0.95)
v w
2 02 2 02
00— ' ' ' ' ' R 02 04 06 038 10
. i False PDS'::T'::"E Rate [1?‘-5Epeciﬁcit].r}ﬂ-8 — False Positive Rate (1-Specificity)
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Logistic Regression
78 = AL B

=
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Logistic Regression

o EHIE
o OJLIET

HURBE =2 70 48

T HARVIE R

Al

A

& o5 WTOlER

& w5 T (Ol A &
CIREIARPRALAR - SEEE AT LA RERH A

. / 70% B I\iE s
Al
\ 30% /() [fiETm

A Bl

_I_
Lt ) BB
' f(x) = B{)"',le >0
V=P, x=0

O O
-
k¥ / BB TR F
f(X) = ﬁg+€1x <0
X
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Logistic

from sklearn. linear model
lr=LogisticRegression(

Model

import LoglsticRegression
C=50. 0,
class weight= balanced’,
max_1ter=100,
solver='liblinear’,
tol=0.01 )

C : C2RIBEBARBAKRLIE - CEE/] - RBIIEAREMREA
class_weight E#EEZ 8] : REIIRZALLA

Solver B{E&% : liblinear ,sag , Ibfgs , newton-cg
max_iter : AR E

tol : BeEWEURG - Bl RV EBM R ZE5%Z=/\TtolfhF LE

288

BIExR=

liblinear

AMTER N EIGEN - BIEIEREE

Ibfgs

MFRE KRB PSS RUEREEN - BIEIBRRE

newton-cg

IbfgshYm —1&757% - 2R BRI EI RS EREfE AR

sag

a1 E N E - BRENER SO EASTERE
EI=WAN N

19




B2 e

S8 C e R
c=1 0.769
c=50 0.791 v
c =100 0.791 v
82 ] solver #ER RE
liblinear 0.791 v 0
sag 0.782
Ibfgs 0.791 v
newton-cg 0.773

B2 B max_ iter ER R
100 0.791 v
500 0.791
1000 0.791
50 0.791
B2 E tol 5 R RE
0.0001 0.791 v [
0.001 0.791
0.01 0.780
0.1 0.769

20



B2 EER

[204] from sklearn.model selection import GridSearchCV
import warnings
warnings. filterwarnings (“ignore”)

# ZHE

params = {C :[ 1, 50, 100],
"max_iter’ :[50, 100,500, 1000],
'class_weight’ : [ balanced’, Nonel],

"tol’ :[0.0001, 0. 001, 0.01,0.1],
"solver’ : [’ liblinear’, sag , lbfgs’, newton—cg’ |

1

1
lr = LogisticRegression()
clf = GridSearchCV(lr, param grid=params, cv=10)
clf. fit(x_train nor, v train)

train accuracy: 0.8113207547169812
test_accuracy: 0.7912087912087912

[[-0. 31948254 —0.42793986 0. 85542465 0. 164883 0.10222755 —0. 87524607] ]
[0. 24768291 ]

kS E] BB BR R
C 1
max_iter 100
0.791 (V4
tol 0.0001
solver Ibfgs

21




Confusion matrix ;& ;5%bE

True Values

Negative (0)

Positive (1)

Negative (0) Positive (1)

TN

FP

FN

TP

Predicted Values

true label

GridSearchCV FhHE
0 1 0 1
0 33 1 0 35 9
o ‘oF
predicted label predicted label

1A Ol REY 72 38 55 10k 7%

22
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KNN (k nearest neighbor)
gAY
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IR 1T

KNNEE A RE
5T R RIER N 5 AR AR AR ER Bt -
tljfﬁaﬁ—%’vE’J“*EVE%%*#M’J’“E*E%U

HE e R

from sklearn. nelshbors
def knnprediction(k, x train, v _train, x test):
knn = ENeighborsClassifier(n neizhbors =(:::)

krm. fit(x_trairn,

1mport  ENeilghborsClassifier

v_train)
pred = knn. predict(z test)
return pred

knnpredictinr@ x_train, v _train, x test)

kmn pred =

1A B B AR L) o t m

(
o kZAmKNNRIFB/EE

o EIRAENTFA
G

o HIAIKERKE

25



=X L EEE
87| forlBE & kE, {Ferror meamB g

error_mean =[]

for k in rangell, G50J:
pred i = kmnprediction(k, = train, v_train,
error_mean. appendinpg. meanipred i !'= ¥ _test))

for i in range(D, 49):
if error_mean[i] == minferror_mean):

print (i)

print lerror mean[12])

x_test]

[ 12
0. 0989010989010989

27
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plt. plot (range (1, 30),

plt. title( K-Value
plt. show()

Vs

¥ 1 3 ¥
error_mean, color= black , marker= o,

Error

0.22 1

0.20 -

0.18 A

0.16 1

0.14 1

0.12 1

0.10 1

Mean’ )

K-Value vs Error Mean

markerfacecolor=r’,

markersize=8)
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RS

from sklearn.metrics i1mport classification report
def evaluate(prediction,y test):

result = c¢lassification reportiy_test,predictiorn, output_dict=True)
acouracy = resultl accuracy ]
performance_data= | accuracy :(accuracy)!

return performance _data

knn_pr evaluate (knn pred, v_test)

print (knn pr)

[> { accuracy’ : 0.8571428571428571)

26
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Model (L iERIE

train_accuracy

test_accuracy

Decision Tree 0.826 0.868
Naive Bayes 0.844 0.824
Logistic Regression 0.811 0.791
KNN 0.844 0.857

31



Decision Tree Generaliztion

BB AFTER Standardization

Accuracy| on trianing set: 84.43%
Accuracy on testing set: 82.42%

Scores of 5-fold cros ' ; 7213 ©.70491803 6.7 0.8
Average accuracy from| 5-fold cross validation: 76.89%

Confusion Matrix:
[[33 11]
[ 5 42]]
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oldpeak <=0.9
entropy = 0.84
samples = 93
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'
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entropy = 0.0 entropy = 0.845
samples = 6 samples = 66
value = [6, 0] value = [18, 48]
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Thank you for your listening!
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