TIOJIATOK A

['padiunmii matepian kBanidikaiiitHoi podotu
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XapKIBCbKNIA HALIOHANBHWA YHIBEDCUTET PadioeNeKTROHIKY
Kadheagpa EOM

MeToa NporHo3yBaHHSA cepleBo-CYAUHHUX
3axBOPHOBaHb HA OCHOBI MeToaiB

MaLlNHHOIo HaB4aHHA

ABTop:
Bpaxina K.IM. MaproBuLibK

cTya. rp. KCMm—-22-2 naou. kachenpu EOM

MeTa | 3agadi poboTu

MeTta: gocnimKkeHHs i oOKpeccneHHA MeTO/iB MalUMHHOIO HaBYaHHSA, AKi MOXYTh

6yTM eMEKTNBHO 380TOCOBaH| AOnda rnporHo3yBaHHA ce eBUX 3axXBOpHBaHb Ta
Kopekuii noBediHKOBUX akTopiB pu3anKy B NpodinakTuui cepueBo-CYAUHHUX

3apaui:
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MalunHHe HaB4YaHHS Ta Noro NMPU3HA4YeHHA

TepMmiH «MallWHHE HaB4YaHHs» 6yB BBeaeHun y 1959 poui ApTypom Camyenem,
cniepoBiTHMKoM IBM i nigHepoM Y ranysi KOMm'TepHUX irop i LUTYYHOro iHTeneKTy.

MallMHHe HaBYaHHA — OOMH 3 MeTOoAiB (DYHKUIOHYBAHHSA LWUTYYHOrO IHTENEKTY, a
came — NpakTUYHOI peanisaLlii Moro MOXNUBOCTEN LLUMNAXOM CTBOPEHHS anropuTtmiB
Anga BUABNEHHA 3aKOHOMIpHOCTEN Nifl Yac aHanidy BenuKkux aaHux, Ta ix noganslie
BUKOPUCTAaHHA A1 caMOHaBYaHHA.

[Bi ronoBHi MeTn cy4yacHoro MalWlMHHOro HaB4YaHHS:
* Knacudikallis JaHWX Ha OCHOBI po3pobneHnx moaenen
* CNporHosyBatv ManbyTHi pe3ynbTaTu HA OCHOBI LMX MoAernen.

AKTyanbHICTb PoboTu

HaBYaHHA K OCHOBHOT TEXHONOTiI NPOrHO3yBaHHA
cepLeBO-CYANHHWX 3aXBOPIOBaHb HA OCHOBI JaHUX
nauieHTiB € BenuMyesHow Ta 6aratorpaHHolo. Lia
aKTyanbHiCTb BUNNMUBAE 3 FOCTPUX rNobanbHUx
npobnem oXxopoHu 300pOB’sA, NOB’'A3aHUX i3
TpaHchopMaUiiHoro noTexuiany, AKUii NpornoHye
MalUMHHe HaBYaHHA NS BUPILLEHHA UuMx npobnem.
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SQQGVIMBOQKI/I MaLInMHHOro HaB4YaHHS

SEEKS o g - @xnet
“* TensorFlow = Bl keras
CNTK PYTORCHR

Artificial Intelligence and Machine Learning SkillsFuture Courses and Training

+ TensorFlow i PyTorch - NpsmMi KOHKYpeHTaMy Yepe3 CBOK CXOXKICTL (06vaBa HadatoTe Garatni Habip

= Scikit-learn icHye BxXe AaBHO, ane Mae BENWKE 3aCTEPEKEHHS: BiH HE CTBOPEHWUIA Anst po6oTK B KNAcTepi.

= Spark ML cTBOpeHo Ans po6oTu B KNacTepi, OCKiNbku ue cyTb Apache Spark, To6T0 BiH Moxe 06poBnsaTh 4iINCHO

Moaeni rpagieHTHOro Crycky.

Cdbepu BUKOPUCTAHHS | NPU3HAYEHHS
MalLMHHOro HaB4YaHHS

* PoanizHasaHHA 306paxeHb (MO3HaYEeHHSI PEHTIEHIBCBKMX 3HIMKIB K pakOBUX Y
Hi, NpM3HaYeHHs iMeHi ccpoTorpacdoBaHomy obnnYyyLo )

* PoanizHasaHHA 061U44Ys Ha 306paxeHHi

* PosnisHasaHHs Mos/leHHS (MepeTBOPEHHS rofiocy B TEKCTOBUI dhain,
Hanpuknama, rofioCoOBMIA NOLLYK)

* [iacHocmuka 3axeoprogaHb (NoCTaHOBKa AiarHo3y abo pekomeHaalis BapiaHTy
NikyBaHHS, po3nisHaBaHHA pakoBOi TKAHWUHK)

* Excmpakuis (CTBOPEeHHs Modeni And NporHo3yBaHHA poanagiB ronocoBmX
3B'A30K, po3polbka MeToais NpodpinakTUKK, AiarHOCTUKK Ta NiKkyBaHHSA
3axBOploBaHb)
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MeTtoam i npunomu 6opoTbbun i3 CepueBo-
CyaOuHHUMU 3axBoptoBaHHAMK (CC3)

AnropuTMu Knacudikaw N .
CuncTemu NOCTIRHOTO MOHITOPUHIY

Ta OMNOBILLIEHHSA
PerpeciiHi moaeni

muboke HaBY4aHHS

MeTtoau aHcambno
O6pobka npupoaHoi moewu (nlp)

Theart Disease Peediction Systens

O6pobka naHux y peansHoMy 4Yaci .
Anroputmu knacrepuaadii

BusiBNeHHa aHomanii [MporHocTuyHe MogenoBaHHA
NPUXWANbHOCTI 4O MikyBaHHA
AHanis yacoux psagie

HesbanaHcoBaHa 06pobka daHnx

Mepenaya HaB4aHHA L )
3posyMminicTs mogeni

: z MixoucuvnniHapHa cnienpaug
3MeHLLEeHHS po3MipHOCTI HOMCLL P pal

Po3pobka nporpamu

i s 20%0) N OcHOBHI eTanu po3po6ku
nporpamu.

A Bre-procassing step

e R | tieart

]
£
£\
Clean text
¥
Remove Null data

in:
-k
H E

Y 3anponoHoBaHii cxemi
! : | knacudikauii Bunankis

| 3aXBOPIOBaHb CepLd, CnoYaTKy

D NpPoBOAMTLCA MOLLYKOBUNA

aHanis.

Poanopgin gaHwx 3a Bikom Ta CcTaTTH.
lMepen HaB4aHHAM BUOPAHNX MOAENeH BAXIMBO 3BEPHYTH

yBary Ha Bi[CYTHI 3HA4EHHS XONOCTEPUHY. ﬂ 1
i | | OO0
e ANropuTM MaLLMHHOTO HaBYaHHA Byae I o L

NpasBuIibHO HABYEHO NicrngA nonepeaHbLol
06Gpobu Ta Hopmanizauii Habopis gaHux. licns
Moaudikauil AaHNX ix AOBINBHO KNACUDIKYIOTE
Ha HaB4allbHWiA HAGIp i i Habip, npm
Lbomy 70% paakis npu: H0Tb HaB4ansLHoOMy
Habopy, a 30% — TecToBOMY.

HaGopu gaHux i 3BeeHa cTaTUCTUKA 8
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Pe3synbtatu

Heart Disease Statistics

Number of Patients Median Age

= 508

Brnunabko 63% Yonosikis MawTk cepLesi

=410

3aXBOPHOBAHHSA, Toai AK NpubnunaHo 25% ralence of Chest Pin i HearsDissase
XIHOK MalOTh CepLEBi 3aXBOPHOBAHHS. o e W
inka Mae MMOBIPHICTL 3aXBOPIOBAHHS . B i
I cepust 25,91%. Honosik Mae MMOBIPHICTL, - i
e e 38XBOPIOBAHHSA CEPUS 63,17%. - .
bescumntoMHuA  Bine Yy rpyasx  npu  cepueBux Gender Distrbution in Heart Disease

90.2%

-
3505 - :
— 3axXBOPIOBaHHAX Y Maixe 77%, BiacyTHicTb Bonio B rpyasx

I. -I (6eacUMNTOMHUI) €  HalnolMpeHilMM — cumntomom  y =" i &
. 1 | NAUIEHTIB i3 CEpLEBIMM 3aXBOPIOBAHHSMM. won

"’ - MauieHT i3 6GescumntomHum 6Gonem y rpyasax (ASY) o
CratucTnKa cepueBUX 3aXBOPOBAHL  puBnMaHo B LWICTb PA3iB YacTile CTPAKAae cepLesrmu S

3aXBOPHOBaHHAMM, HiK NauieHT i3 aTUNOBOK CTEHOKapgiew % oo

(ATA).

. Heart Disease No Disease

LlixaBo, W0 iCHYE HEraTUBHUIA 3B'A30K MiX XOMECTEPUHOM i XxBopoDamu cepust. Yomnosikn NpubnusHo B 2,44 pasu
YacTille CTPaXAalTb CEPLEBUMI 3aXBOPIOBAHHAMM, HIK XIHKW. ICHYIOTb YiTKi BIAMIHHOCTI MK Tunamu Gonio B

MowwupeHicTe BescMMNTOMHOro Bonko B rpyaHin KNiTHHI
cepeq 4aHWX NPo 3aXBOPIOBAHHA CepUA

CEpLEBNX 3aXBOPIOBAHb, HiX Y NALIEHTIB 3 aTUNOBOK CTeHOKapAieto (ATA).

[Tpuknag poboTn nporpamum

7300

§ onms

¥
£ omso

7 omms
2 or

§ om0
fons

anise

f
ons
1

LR
max_depth min_samgles_leal

CnouaTky BigbyBaeTbcsi koHTponb ctaHy YCC nauieHTa. HactynHuii eTan
BUKOPUCTOBYETLCA B cucTeMax NIATPUMKA MeONYHUX pillleHb Ana
NPOrHo3yBaHHsA Ta Ai b cepusi. 3aBOsKA T
TeXHiku rmnboKoro Ta MalMHHOTO HaBYaHHS, Sika aHani3ye OaHi KopucTyBaya
ANS BUSBIIEHHA 3aXBOPIOBaHb cepus.




Cxema B3aemogii ntognHn ta MallumHHOro HaB4YaHH4
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JNOJATOK b
O6poOka mporpamu

b.1 Kox 00poOku mporpamu

df = pd.read csv('../input/cardio train.csv', sep=';")
df.head ()

df ['age years'] = np.floor(df['age'] / 365.25)

new df = pd.get dummies (df, columns=['cholesterol', 'gluc'])

new df.head()

from sklearn.model selection import train test split

X = new df.drop(['id', 'cardio', 'age']l, axis=l)

y = new df['cardio']

X train, X valid, y train, y valid = train test split (X,
y,test size=0.3, random state=2019)

from sklearn.tree import DecisionTreeClassifier

tree = DecisionTreeClassifier (max depth=3, random state=2019)
tree.fit (X train, y train)

DecisionTreeClassifier (class _weight=None, criterion='gini',
max depth=3,
max features=None, max leaf nodes=None,
min impurity decrease=0.0,
min impurity split=None,
min samples leaf=1, min samples split=2,
min weight fraction leaf=0.0,
presort=False,
random state=2019, splitter='best')

from sklearn.tree import export graphviz

export graphviz (tree, out file='tree.dot',
feature names=X.columns)
print (open('tree.dot') .read())

digraph Tree {

node [shape=box] ;

0 [label="ap hi <= 129.5\ngini = 0.5\nsamples = 49000\nvalue =
(24521, 244791"] ;

1 [label="age years <= 54.5\ngini = 0.435\nsamples =
28945\nvalue = [19707, 92381"]1 ;

0 -> 1 [labeldistance=2.5, labelangle=45, headlabel="True"] ;
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2 [label="cholesterol 3 <= 0.5\ngini = 0.364\nsamples =
17925\nvalue = [13643, 4282]1"] ;

1 -> 2 ;

3 [label="gini

0.348\nsamples = 17161\nvalue = [13316, 3845]"]

2 => 3

4 [label="gini = 0.49\nsamples = 764\nvalue = [327, 4371"] ;
2 =>4

5 [label="cholesterol 3 <= 0.5\ngini = 0.495\nsamples =
11020\nvalue = [6064, 4956]1"] ;

1 -> 5 ;
6
5
7
5
8
[

[label="gini = 0.487\nsamples = 9877\nvalue = [5728, 4149]"] ;
-> 6 ;
[label="gini = 0.415\nsamples
-> 7 ;
[label="ap hi <= 138.5\ngini = 0.365\nsamples = 20055\nvalue =
4814, 15241]1"]
0 -> 8 [labeldistance=2.5, labelangle=-45, headlabel="False"] ;
9 [label="cholesterol 3 <= 0.5\ngini = 0.481l\nsamples =
6533\nvalue = [2636, 3897]"] ;
8 —> 9 ;
10 [label="gini = 0.495\nsamples

1143\nvalue = [336, 8071"] ;

5294\nvalue = [2379, 2915]"]

9 -> 10 ;
11 [label="gini = 0.329\nsamples = 1239\nvalue = [257, 982]"] ;
9 -> 11 ;

12 [label="ap hi <= 149.5\ngini = 0.27\nsamples = 13522\nvalue =
[2178, 113441"] ;
8 -> 12 ;

13 [label="gini = 0.302\nsamples = 6849\nvalue = [1269, 5580]"]
12 -> 13 ;

14 [label="gini = 0.235\nsamples = 6673\nvalue = [909, 5764]"] ;
12 => 14 ;

}
from sklearn.metrics import accuracy score

y pred = tree.predict (X valid)
accuracy score(y valid, y pred)

from sklearn.model selection import GridSearchCV

tree params = {'max depth': np.arange(2, 11),
'min samples leaf': np.arange(l, 10)

}

tree grid = GridSearchCV (tree, tree params, cv=5,
scoring="'accuracy') # Cross validation by 5 blocks
tree grid.fit(X train, y train)

GridSearchCV (cv=5, error score='raise-deprecating',
estimator=DecisionTreeClassifier (class weight=None,
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criterion='gini',
max depth=3,
max features=None,

max leaf nodes=None,

min impurity decrease=0.0,
min impurity split=None,
min samples leaf=1,

min samples split=2,

min weight fraction leaf=0.0,
presort=False,
random state=2019,
splitter="best'),
iid='warn', n_ jobs=None,
param grid={'max depth': array([ 2, 3, 4, 5, o,
7, 8, 9, 101),
'min_samples leaf': array([1l, 2, 3, 4,
5 6, 7, 8, 91)1},
pre dispatch='2*n jobs', refit=True,
return train score=False,
scoring='accuracy', verbose=0)

tree grid.best params

{'max depth': 6, 'min samples leaf': 3}

tree grid.best estimator

DecisionTreeClassifier (class_weight=None, criterion='gini',

max depth=6,
max features=None, max leaf nodes=None,
min impurity decrease=0.0,

min impurity split=None,
min samples leaf=3, min samples split=2,
min weight fraction leaf=0.0,

presort=False,
random state=2019, splitter='best')

tree grid.best score
0.7309795918367347
from sklearn.model selection import GridSearchCV

tree params = {'max depth': np.arange(2, 11)}

tree grid = GridSearchCV (tree, tree params, cv=5,
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scoring="accuracy')
tree grid.fit(X train, y train)

GridSearchCV (cv=5, error score='raise-deprecating',
estimator=DecisionTreeClassifier (class weight=None,
criterion='gini',
max depth=3,
max features=None,

max leaf nodes=None,

min impurity decrease=0.0,
min impurity split=None,
min samples leaf=1,

min samples split=2,

min weight fraction leaf=0.0,
presort=False,
random state=2019,
splitter="best'),
iid='warn', n jobs=None,
param grid={'max depth': array ([ 2, 3, 4, 5, o,
7, 8, 9, 101)},
pre dispatch='2*n jobs', refit=True,
return train score=False,
scoring='accuracy', verbose=0)

tree grid.best params

{'max depth': 6}

tree params 2 = {'min samples leaf': np.arange(l, 10),
'max depth': [6]}
tree grid 2 = GridSearchCV (tree, tree params 2, cv=5,

scoring="accuracy')
tree grid 2.fit(X train, y train)

GridSearchCV (cv=5, error score='raise-deprecating',
estimator=DecisionTreeClassifier (class weight=None,
criterion='gini',
max depth=3,
max features=None,
max leaf nodes=None,

min impurity decrease=0.0,

min impurity split=None,



min samples leaf=1,

min samples split=2,

min weight fraction leaf=0.0,

random state=2019,

presort=False,

splitter="best'),

iid='warn', n_ jobs=None,
param grid={'max depth': [6],
'min_samples leaf': array([1l, 2, 3,

5, 6, 7, 8, 91)},

pre dispatch='2*n jobs', refit=True,

return_train_score=False,

scoring='accuracy', verbose=0)

tree grid 2.best params

{'max depth': 6, 'min samples leaf': 3}

import matplotlib.pyplot as plt

fig, ax = plt.subplots(nrows=1, ncols=2, sharey=True)
ax[0] .plot (tree params|['max depth'],
tree grid.cv_results ['mean test score']) # accuracy vs

max_ depth

ax[0] .set xlabel ('max depth')
ax[0] .set ylabel ('Mean accuracy on test set')

ax[l].plot (tree params 2['min samples leaf'],
tree grid 2.cv_results ['mean test score']) # accuracy vs

min samples leaf

ax[1l].set xlabel('min samples leaf')
ax[1l].set ylabel ('Mean accuracy on test set')

pd.DataFrame (tree grid.cv_results ) .head().T

best tree = tree grid.best estimator
y pred = best tree.predict (X valid)
accuracy score(y valid, y pred)

0.7320952380952381

export graphviz (best tree,
feature names=X.columns)

out file='best tree.dot',

print (open('best tree.dot').read())

digraph Tree {
node [shape=box] ;

0 [label="ap hi <= 129.5\ngini = 0.5\nsamples = 49000\nvalue

[24521, 244791"] ;

1 [label="age years <= 54.5\ngini = 0.435\nsamples =
28945\nvalue = [19707, 9238]1"] ;

4,
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0 -> 1 [labeldistance=2.5, labelangle=45, headlabel="True"] ;
2 [label="cholesterol 3 <= 0.5\ngini = 0.364\nsamples =
17925\nvalue = [13643, 4282]"] ;

1 -> 2 ;

3 [label="age years <= 43.5\ngini = 0.348\nsamples =
17161\nvalue = [13316, 3845]"] ;

2 => 3 ;

4 [label="cholesterol 2 <= 0.5\ngini = 0.239\nsamples =
4568\nvalue = [3935, 633]1"] ;

3 =>4 ;

5 [label="ap hi <= 113.5\ngini = 0.214\nsamples = 4121\nvalue =

[3618, 5031"] ;

4 -> 5 ;

6 [label="gini = 0.154\nsamples = 1741\nvalue = [1595, 146]"] ;
5 -> 6 ;

7 [label="gini = 0.255\nsamples = 2380\nvalue = [2023, 357]"] ;
5 -> 7 3

8 [label="weight <= 81.5\ngini = 0.412\nsamples = 447\nvalue =
[317, 1301"]

4 -> 8 ;

9 [label="gini = 0.374\nsamples = 338\nvalue = [254, 84]1"] ;

8 -> 9 ;

10 [label="gini = 0.488\nsamples = 109\nvalue = [63, 46]"] ;
8 -=> 10 ;

11 [label="ap hi <= 119.5\ngini
[9381, 3212]"] ;

3 -> 11 ;

12 [label="weight <= 64.5\ngini = 0.323\nsamples = 4152\nvalue
[3312, 8401"] ;

11 -—> 12 ;

13 [label="gini = 0.249\nsamples = 1599\nvalue = [1366, 233]"]
12 => 13 ;

14 [label="gini
12 -> 14 ;

15 [label="cholesterol 1 <= 0.5\ngini = 0.404\nsamples =
8441\nvalue = [6069, 23721"]1 ;

0.38\nsamples = 12593\nvalue

2553\nvalue

0.362\nsamples [1946, 6071™]

11 -> 15 ;

16 [label="gini = 0.476\nsamples = 795\nvalue = [485, 310]"] ;
15 -=> 1o ;

17 [label="gini = 0.394\nsamples = 7646\nvalue = [5584, 2062]"]
15 => 17 ;

18 [label="gluc 3 <= 0.5\ngini = 0.49\nsamples = 764\nvalue =
(327, 4371"1 ;

2 -=> 18 ;

19 [label="ap lo <= 71.5\ngini = 0.368\nsamples = 325\nvalue =

[79, 246]1"] ;

18 -=> 19 ;

20 [label="height <= 152.5\ngini
[33, 511"1

19 -> 20 ;

21 [label="gini = 0.278\nsamples
20 => 21 ;

0.477\nsamples = 84\nvalue =

6\nvalue = [5, 11"] ;



22
20

23 [label="age years <= 51.5\ngini
(46, 195]1"] ;

19
24
23
25
23
26

[label="gini =
-> 22 ;

-> 23 ;
[label="gini =
-> 24 ;
[label="gini
-> 25 ;
[label="weight

(248, 1911"] ;

18
27

26
28
27
29
27
30

-> 26 ;

0.46\nsamples

0.259\nsamples
0.405\nsamples

<= 80.5\ngini

[label="ap lo <= 74.5\ngini =
[217, 131]1"]

-> 27 ;
[label="gini =
-> 28 ;
[label="gini
-> 29 ;
[label="height

(31, 60]"] ;

26
31
30
32
30

33 [label="cholesterol 3 <=
11020\nvalue = [6064, 4956]"
1 -> 33 ;

34

-> 30 ;
[label="gini =
-> 31 ;
[label="gini
-> 32 ;

[label="age years <= 60.5\ngini

0.366\nsamples
0.488\nsamples

<= 171.5\ngini

0.313\nsamples

0.375\nsamples

.
’

9877\nvalue = [5728, 4149]"] ;

33

-> 34 ;

35 [label="ap hi <= 119.0\ngini
[4511, 2781]1"] ;

34
36

-> 35 ;
[label="weight

[1310, 5441"] ;

35
37
36
38
36
39

-> 36 ;
[label="gini =
-> 37 ;
[label="gini =
-> 38 ;
[label="active

[3201, 22371"1

35
40
39
41
39
42

-> 39 ;
[label="gini
-> 40 ;
[label="gini =

-> 41 ;
[label="weight

[1217, 13681"]

34

-> 42 ;

<= 91.5\ngini

0.402\nsamples

0.496\nsamples

<= 0.5\ngini

0.5\nsamples

0.477\nsamples

<= 52.5\ngini

78\nvalue = [28,

= 0.309\nsamples

170\nvalue = [26,

71\nvalue = [20,

0.492\nsamples

.469\nsamples =

87\nvalue = [66,

26l\nvalue = [151,

0.449\nsamples

67\nvalue = [13,

24\nvalue

0.5\ngini = 0.495\nsamples
']

= 0.487\nsamples

0.472\nsamples

0.415\nsamples

1755\nvalue =

99\nvalue = [45,

.484\nsamples =

1094\nvalue = [564,

4344\nvalue =

0.498\nsamples

439\ nvalue

348\nvalue

91\nvalue

Il
—
[
(e0)
~

7292\nvalue

1854\nvalue

5438\nvalue

2585\nvalue

87

241\nvalue

’
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(76,

42
44
43
45
43
46

(1141,

42
47
46
48
46
49

[336,

33
50

49
51

[156,

50
52
51
53
51
54

50
55
54
56
54
57

[137, 468]1"] ;

49 -> 57 ;

58 [label="age years <= 60.5\ngini
= [132, 468]1"] ;

57 -> 58 ;

59 [label="gini = 0.377\nsamples =
58 -> 59 ;

60 [label="gini = 0.27\nsamples =
58 -> 60 ;

61 [label="gini = 0.0\nsamples = 5
57 -> 61 ;

62 [label="ap hi <= 138.5\ngini =
= [4814, 15241]1"]

0 => 62 [labeldistance=2.5,

63 [label="cholesterol 3 <= 0.5\ngini
6533\nvalue = [2636, 3897]1"] ;

62 -> 63 ;

64 [label="age years <= 58.5\ngini

[199,

(43,

[label="ap lo <= 79.5\ngini
391"1

-> 43 ;
[label="gini
-> 44 ;
[label="gini
-> 45 ;
[label="active
1329]"]
-> 46 ;
[label="gini
-> 47 ;
[label="gini
-> 48 ;
[label="weight <=
8071"] ;

-> 49 ;
[label="age years
339]"]

-> 50 ;
[label="height <=
2101"]
-> 51 ;
[label="gini
-> 52 ;
[label="gini
-> 53 ;
[label="age years <= 63.5\ngini
1291"1 ;
-> 54 ;
[label="gini
-> 55 ;
[label="gini
-> 56 ;
[label="height <= 185.5\ngini

0.334\nsamples
0.494\nsamples

<= 0.5\ngini

0.478\nsamples

0.499\nsamples

70.5\ngini

<= 60.5\ngini

161.5\ngini

0.458\nsamples

0.499\nsamples

0.407\nsamples

0.133\nsamples

= 0.

= 0.

211\nvalue

labelangle=-45,

88

448\nsamples = 115\nvalue =
52\nvalue = [41, 11]1"] ;
63\nvalue = [35, 28]"] ;
497\nsamples = 2470\nvalue =
520\nvalue = [205, 315]"] ;
1950\nvalue = [936, 10141"] ;
0.415\nsamples = 1143\nvalue =

= 0.466\nsamples = 538\nvalue

0.489\nsamples 366\nvalue

163\nvalue [58, 1051"] ;

203\nvalue

(98, 105]"] ;

172\nvalue

0.375\nsamples

1l44\nvalue (41, 103]"]1 ;

28\nvalue = [2, 26]"] ;

0.35\nsamples 605\nvalue

0.343\nsamples 600\nvalue

389\nvalue [98, 2911"]1 ;

(34, 1771"1 3

\nvalue [5, 01"]

0.365\nsamples 20055\nvalue

headlabel="False"] ;
0.481\nsamples

0.495\nsamples
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5294\nvalue = [2379, 29151"] ;

63 -> 64 ;

65 [label="ap lo <= 88.5\ngini = 0.5\nsamples = 3797\nvalue =
[1839, 1958]"] ;

64 -> 65 ;

66 [label="age years <= 41.5\ngini = 0.498\nsamples =
2245\nvalue = [1189, 10561"] ;

65 -> 66 ;

67 [label="gini = 0.439\nsamples = 157\nvalue = [106, 51]1"] ;
66 => 67 ;

68 [label="gini = 0.499\nsamples = 2088\nvalue = [1083, 1005]"]
66 -> 68 ;

69 [label="smoke <= 0.5\ngini = 0.487\nsamples = 1552\nvalue =
[650, 902]1"] ;

65 -> 69 ;

70 [label="gini = 0.482\nsamples = 1391\nvalue = [562, 829]"] ;
69 -> 70 ;

71 [label="gini = 0.496\nsamples = 1l6l\nvalue = [88, 731"] ;

69 -> 71 ;

72 [label="age years <= 61.5\ngini = 0.46l\nsamples =
1497\nvalue = [540, 957]1"] ;

od -> 72 ;

73 [label="smoke <= 0.5\ngini = 0.482\nsamples = 849\nvalue =
[343, 506]1"] ;

72 => 13 ;

74 [label="gini = 0.475\nsamples = 779\nvalue = [303, 476]"] ;
73 => 74 ;

75 [label="gini = 0.49\nsamples = 70\nvalue = [40, 30]1"] ;

73 => 75 ;

76 [label="weight <= 55.5\ngini = 0.423\nsamples = 648\nvalue =
[197, 451]1"] ;

72 => 76 ;

77 [label="gini = 0.499\nsamples = 25\nvalue = [13, 12]1"] ;

70 => 177 ;

78 [label="gini = 0.416\nsamples = 623\nvalue = [184, 439]"] ;
70 => 78 ;

79 [label="gluc 3 <= 0.5\ngini = 0.329%\nsamples = 1239\nvalue =
[257, 9821"] ;

63 -> 79 ;

80 [label="weight <= 84.5\ngini = 0.287\nsamples = 748\nvalue =
[130, 618]1"] ;

79 -> 80 ;

81 [label="weight <= 80.5\ngini = 0.314\nsamples = 497\nvalue =
[97, 4001"] ;

80 -> 81 ;

82 [label="gini = 0.285\nsamples = 436\nvalue = [75, 361]1"] ;
81 -> 82 ;

83 [label="gini = 0.461\nsamples = 6l\nvalue = [22, 39]1"] ;

81 -> 83 ;

84 [label="age years <= 50.5\ngini = 0.228\nsamples = 251\nvalue

(33, 218]"] ;
80 -> 84 ;
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85 [label="gini 0.098\nsamples 58\nvalue = [3, 551"] ;

84 -> 85 ;
86 [label="gini = 0.263\nsamples = 193\nvalue = [30, 163]1"] ;
84 -> 86 ;

87 [label="height <= 156.5\ngini
[127, 364]"] ;

79 -> 87 ;

88 [label="age years <= 40.5\ngini
= [15, 891"] ;

87 -> 88 ;

89 [label="gini = 0.0\nsamples = l\nvalue = [1, 0]1"] ;
88 -> 89 ;

90 [label="gini
88 -> 90 ;

91 [label="weight <= 83.5\ngini = 0.411\nsamples = 387\nvalue =
[112, 275]1"] ;
87 -> 91 ;

92 [label="gini
91 -> 92 ;

93 [label="gini
91 -> 93 ;

94 [label="ap hi <= 149.5\ngini = 0.27\nsamples
[2178, 113441"] ;

62 -> 94 ;

95 [label="gluc 3 <= 0.5\ngini = 0.302\nsamples
[1269, 5580]"]

94 -> 95 ;

96 [label="age years <= 60.5\ngini = 0.294\nsamples =
6133\nvalue = [1099, 5034]1"] ;

95 -> 96 ;

97 [label="cholesterol 1 <= 0.5\ngini = 0.303\nsamples =
5034\nvalue = [938, 4096]1"] ;

0.384\nsamples = 491\nvalue =

0.247\nsamples = 104\nvalue

0.235\nsamples = 103\nvalue = [14, 89]"] ;

0.451\nsamples 239\nvalue = [82, 157]"] ;

0.323\nsamples = 148\nvalue = [30, 118]1"] ;

13522\nvalue =

6849\nvalue =

96 -> 97 ;
98 [label="gini = 0.278\nsamples = 1622\nvalue = [270, 1352]1"] ;
97 -> 98 ;
99 [label="gini = 0.315\nsamples = 3412\nvalue = [668, 27441"] ;
97 -> 99 ;

100 [label="ap lo <= 62.5\ngini = 0.25\nsamples = 1099\nvalue =
[161, 9381"] ;
96 -> 100 ;

101 [label="gini
100 -> 101 ;

102 [label="gini
100 -> 102 ;

103 [label="age years <= 62.5\ngini = 0.362\nsamples =
716\nvalue = [170, 546]1"] ;

95 -> 103 ;

104 [label="weight <= 90.5\ngini = 0.377\nsamples = 643\nvalue =
[162, 481]1"] ;
103 -> 104 ;

105 [label="gini
104 -> 105 ;

106 [label="gini

0.497\nsamples = 13\nvalue = [6, 7]1"] ;

0.245\nsamples 1086\nvalue = [155, 931]"] ;

0.353\nsamples 489\nvalue (112, 3771"1 ;

0.439\nsamples = 154\nvalue = [50, 104]1"]1 ;
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104 -> 106 ;

107 [label="alco <= 0.5\ngini = 0.195\nsamples = 73\nvalue = [8,
651"] 7

103 => 107 ;

108 [label="gini
107 -> 108 ;

109 [label="gini = 0.0\nsamples = 1l\nvalue = [1, 0]"] ;
107 -> 109 ;

110 [label="ap lo <= 68.0\ngini
[909, 5764]1"]

94 -> 110 ;

111 [label="ap hi <= 249.5\ngini = 0.483\nsamples = 66\nvalue =
(27, 391"1

110 -> 111 ;

112 [label="weight <= 58.5\ngini
(18, 381"1

111 -> 112 ;

113 [label="gini
112 -> 113 ;

114 [label="gini = 0.469\nsamples = 48\nvalue = [18, 30]1"] ;
112 -> 114 ;

115 [label="weight <= 80.5\ngini = 0.18\nsamples = 10\nvalue =
(9, 11"] >

111 -> 115 ;

0.176\nsamples = 72\nvalue = [7, 65]"] ;

0.235\nsamples = 6673\nvalue =

0.436\nsamples = 56\nvalue =

0.0\nsamples = 8\nvalue = [0, 8]"] ;

116 [label="gini = 0.0\nsamples = 9\nvalue = [9, 0]1"] ;
115 -> 116 ;
117 [label="gini = 0.0\nsamples = 1l\nvalue = [0, 11"] ;

115 -> 117 ;
118 [label="gluc 3 <= 0.5\ngini
[882, 5725]"] ;

110 -> 118 ;

119 [label="ap hi <= 12255.0\ngini = 0.225\nsamples =
6014\nvalue = [778, 5236]1"] ;

118 -> 119 ;

120 [label="gini

0.231\nsamples = 6607\nvalue =

0.225\nsamples 6011\nvalue = [776, 5235]"]
119 -> 120 ;

121 [label="gini
119 -> 121 ;

122 [label="height <= 166.5\ngini
= [104, 4891"] ;
118 -> 122 ;

123 [label="gini
122 -> 123 ;

124 [label="gini = 0.366\nsamples
122 -> 124 ;

}

0.444\nsamples 3\nvalue = [2, 1]"] ;

0.289\nsamples = 593\nvalue

390\nvalue

0.242\nsamples [55, 335]"] ;

203\nvalue = [49, 154]1"] ;



