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3ACTOCYBAHHA METOAIB MAIIIMHHOI'O HABUYAHHA JJ1A ITIOBY10BU
MOJIEJII PILIEHHSA 3ATAYI KJIACU®DIKAILLILI

Y pobomi mnasedeno ancopumm nobyoosu mooeni piuienns 3adaui Kiacugixayii uwo0o
BUBHAYEHHS HAABHOCMI abO BIi0CYMHOCMI 3AXB0PIBAHL Cepysi y JIOOUHU HA OCHOBI Memodie
Mawunno2o Hasuanus. [lonepedns obpobka ma ananiz OaHux 0anu MONCIUBICINb GUAGUMU HETTHILIHY
BANEHCHICMb YIIbOBOI 3MIHHOIL, a maxoxc niocomyeamu OaHi Olisl eheKmuUeH020 MOOent08ans. s
nobyoosu modeni kiacugixamopa 3acmocosanuii. memoo SVM 3 rbf sopom. Onmumizayis
napamempié mooei npogedeHd, BUKOPUCOBYIOUU NOULYK MO Ccimyi 3 KpOC-8anioayiero KodHCHOI
KoMOInayii napamempie.

Knwuoei cnosa: mawunne Hasyamus, Kiacugikayis, Mmemoo  ONOPHUX — BEKMOPIs,
inmenexkmyanvha 0opodxa oanux, t-SNE eizyanizayis.

ITocranoBka npodaemu

3anaya kiacudikauii - ogHa 3 HAWHOUIBII MOLIMPEHHMX 3aJady B aHali3l JaHuX 1
posmizHaBaHHI 00pa3iB. BoHa mae mupoky o0JacTh MPaKTUYHUX 3aCTOCYBaHb B aBTOMATHII],
yIpaBIiHHI, €KOHOMII1, COIIOJIOT1], MEIUIIMHI, T€0JIOT1l, aCTPOHOMII, SIACPHIN (13uIli 1 T. 1.

Knacudikauiss — e oauH 13 po3JaUIIB MAIIMHHOTO HAaBYAHHS, IO BUPILIYE HACTYIHY
3a/1auy: HEXall MaeMo MHOXXHHY 00’ €KTIB, IO PO3JAUICHI Ha KJIACH 3a JIEAKOK abo psioM
o3Hak. OKpiM 1bOTO, 3a/laHa CKIHYE€HA MHOXMHA 00’€KTIB, MO0 SKUX BIIOMO, SIKHM came
KJlacaM BOHM HajekaTb. [[10 MHOKMHY Ha3MBalOTh HaBYaJbHOIO BUOIpKOIO. Jl0 sSIKOTrO Kiacy
BIIHOCATBCS permTa 00’ekTiB — HeBimoMo. HeoOximHo moOyayBaTw anroputm, 1o Oyre
3naTHUM KiacugikyBaTH OyIb-sIKUM 3 00’eKTiB BUXIAHOI MHOXuHH. Ilin kiacugikariiero
00’eKTa po3yMIIOTh BIINOBLIb aJITOPUTMY, 1110 BKa3ye HOMep (a0o Ha3By) Kilacy, 10 SIKOTO BIH
BimHOCHUTHCH [1].

Buknan ocHoBHOro marepiany

Posrisinemo HailOUIbII MOMIKMPEH] ANTOPUTMHU Kilacuikaiii faHux [2].

[epeBo pimenb. [lpuHuun AaHOrO METONY MOJIATa€ B PEKYPCUBHOMY pPO30OHUTTI
MHOXHHHU €JIEMEHTIB Ha MIIMHOXXWHHU, IO MICTITh €JIEMEHTH, AKI HAJIeKATh OJTHOMY KJacy.
Pi3Hi pi3HOBMIM nepeB pillleHb BIAPI3HAIOTHCSA 3HAXO/KECHHSIM IUILOBOI 3MIHHOI Ta ii
aTpuOyTIB JUIsl TOOYJOBU HOBOT'O BY3JIa.

Haii6inpmn nommMpeHUM 1 YCHIIIHUM aJrOPUTMOM € airopuT™M, B SIKOMY BHOIp
HACTYMHOT 3MIHHOi Ta il aTpuOyTIB IPYHTYEThCS Ha BU3HAUYEHHI B3a€MO3B'SI3KY MIK
eHTponielo Ta KinacudikoBaHoi iHQopMmaniero. Bubip 3ynuHsAeTbCS Ha e€JlIEMEHTax, 3
MIHIMaJIbHUM 3HAUEHHSM EHTpOMii 1 MaKCUMaJbHUM 3HAUYE€HHAM I1HQOPMATHUBHOCTI
BIJIOBIIHO.
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BaiiecoBa kiacudikanisa. Anroputm 06azyetbcs Ha TeopeMi baiieca Ta mependauae
HE3aJIeKHICTh PO3IJIIHYTUX O3HAaK. MeToJ BUKOPUCTOBYE HMOBIPHOCTI, OTpUMaHi B X0l
HaBYaHHS 3a TECTOBOIO BHOIPKOIO, a came ampiopHi HMOBIPHOCTI HAJIEXKHOCT1 Oy/Ab-SKOIroO 3
PO3MISTHYTUX 00'€KTIB JAHOTO KJIACY Ta YMOBHI HMOBIPHOCTI TOTO, IO O0'€KT, KU HAJICKUTH
JI0 JTaHOTO Kjacy, Mae JaHuil HaOlp o3Hak. [loTiM BHM3HAYA€ThCS WMOBIPHICTH HAJIEKHOCTI
JAHOTO 00'€KTY 3 TECTOBOTO HA0OPY J0 KOKHOTO 3 KiiaciB. BuOupaerhcs 3MiHHA 3 HAHBUIIOIO
HMOBIPHICTIO.

Metoa k naiiéamkumnx cycigiB. Meron nependayvae, 1mo 4eproBuii 00'€eKT 3 TECTOBOTO
Ha0Opy HAICKHUTH TOMY KJIAacy, /IO SKOTO HaJeXaTh OUTBIIICTh HOTO HAWOIMKIUX «CYCITIBY 3
HaByanbHOi BHOIpku. Cycinamu, B JaHOMY BUIAJKYy, Ha3WBalOTh HaWOUIbII ONM3bKI 10
TECTOBOr0 OO'€EKTY CIIOCTEpEKEHHs. TakuM 4YMHOM, HOBUH OO'€KT MOMIIIAETHCA B KJac, IO
MICTUTh HAWOUTBITY KUTHKICTh HaOMMXK401 cxoxocTi. [lapametp k, mo 3amaeTnhesi, BU3HAYA€E
KUIBKICTh PO3IJISHYTUX HaMOMMK4MX CyciliB, TOOTO BHU3HA4Yae€ CKUIbKM CyciniB Oyne
BILIMBATH Ha Kiacu(ikaiio. bI3pKicTh BU3HAYAETHCS «BIICTAaHHIO» MK 00'€KTaMu.

Meton onopHux BekTopiB. Jlanuii MeTos nependayae BUKOPUCTAHHS TUIEPIIOLIMHI
JUTsl TIOZUTY MPOCTOPY Ha IMIANPOCTOPHU, IO XapaKTEpHU3YIOTh okpemi kiacu. O0'ekTH, sKi
JeXaTh MPU LIbOMY Ha KOPJOHI OCBIYEHHMX oOOnacTed, Ha3WBalOTh OMOPHUMH BEKTOpPaMHU.
MeToa HaMara€eThCsi MPOBECTH JTaHE PO3OUTTSI TAKMM YHHOM, 100 BIICTaHb MDK €JIeMEHTaMHU
pI3HHX KJ1aciB Oyna MakcumanbHO0. [I{o10 BUOOPY po3aUIsII0UO0T THIEPILIONINHHY, 1€ O3HAYAE
il MakcUMaJbHE BUIAJCHHS MO0 HAWOMMKYMX TOYOK 000X KJaciB. Y pa3i BUHMKHEHHS
npoOieMHu JHIHHOT HEPO3IUIbHOCTI, BUKOPUCTOBYETHCS NIEPETBOPEHHS S/1pa.

Mertoro naHoi poOOTH € MOKPOKOBUM BUKJIAJ] Ta 3aCTOCYBAHHS Ha MPAKTUL[l aITOPUTMY
o0Oy10BM MOJIEN1 /ISl BUPILIEHHS 3a/1a4l Kjaacugikarii.

Buau craTucTHYHMX JaHUX [3]

CraTUCTHYHI J1aHI MOXYTb OYTH TMpEACTaBiI€HI fAK KUIbKICHUMH (YMCIOBUMU
HEnepepBHUMU a00 JUCKPETHUMHM), TaK 1 SKICHUMHU (KaTeropiaJibHUMHU IMOPSAKOBUMH ab0
HOMIHAJIbHUMU ) 3MIHHUMH.

KinbkicHi (uncsioBi) AaHi — 11e gaxi, sKi IpUAMarOTh AesK1 YUCIOB1 3HAaYeHHS. BoHu, B
CBOIO yepry, MOJUIAIOTbCA Ha: JUCKPETH1 JaHl, AKi MOXYTb HNpPHMMaTH CTpOro BU3HAuYEHI
3HAYEHHS, Ta HENIEPEPBHI, SIKI MOKYTh OyTH MpeACTaBICH] Oy/1b-IKUMH 3HAUEHHSAMU.

KareropianbHi gaHi 3acTOCOBYIOTHCS AJI1 OIUCY CTaHy 00'€KTa LUISIXOM IPUCBOEHHS
oMy HOMepa, BIAMOBIIHOTO A0 KaTeropii, Kyau 1ed o0'eKT HaJlexuTh. BaxinBow yMOBOIO
JUTSI 3aCTOCYBaHHSI KaTErOpialbHUX JaHUX € MPUHAJEKHICTH OJHOTO 00'€KTa TOCITIIKEHHS
TUIBKHU J0 OJIHIET MOKIIMBOI KaTeropii AJisi 0JHOTO KPUTEPIIO.

SIkicHi HOMIHAJIbHI JaHi BUKOPHUCTOBYIOTbCS B TOMY BHMAJKY, SIKIIO KaTeropii He
BIOpsiiKOBaHl. Yucna B JaHOMY BHUNAJAKY € JIMILIE TO3HAYEHHSAM JJs cTaHy oO'ekTa 1 He
BIIOPSIAKOBYIOTH 1ielt cran. Hanpukian, no crari: 1 — 4osoBiva, 2 — *iHoyva.

SxicHi mopsiakoBi (paHroBi, OpAMHApPHI) AaH1 — L€ JaHl, Ui AKX KaTeropii MOXyTh
OyTu BHopsakoBaHi. Hampukiaza, Bil MOTaHOTO CaMONOYyTTsl 10 rapHoro: 1 — rapue, 2 —
3aJI0BUIbHE, 3 — ITOraHe.

Omnuc HaOopy naHuX

B sxocTi exkcnepuMeHTalbHUX JaHMX JUIS JOCIUDKEHHS BUKOPUCTOBYETbCS HaOIip
naHuX (aracer) 3 cepiueBux 3axBoproBanb Statlog (Heart) 3 pemoszuropiro UCI ML [4]. [ani
MicTaTh 13 aTpubyTiB (Tadmn. 1)1 180 ciocrepekeHs.

3MiHHa JUIsl MPOTHO3YBaHHS y MOK€ IpuilMatu ABa 3HadeHHs: 0 — BiACYTHICTh, 1 —
HasIBHICTh CEPLIEBUX 3aXBOPIOBAHb.

JlocnmiKeHHsT TPOBOAMMO 3 BUKOPHUCTAHHSAM 010110T€KM MalTMHHOTO HaBuaHHs Scikit-
Learn, B cepenoui Python 3.
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Ta6mums 1
ATpuOyTH €KCIEpUMEHTAIBHUX JAHUX 3 CEPIICBUX 3aXBOPIOBAHb
No Haszpa Onuc
1 | age BIK B pOKax
1 = gonoBiua
2 | sex CTaTh -
0 = xiHOYa
3 | chest pain type (4 values) THn 60110 B rpyisix (4 3HaueHHs: 1, 2, 3, 4)
4 | resting blood pressure apTepiaJbHUIN THCK Y CITOKOI (MM PT. CT.)
5 | serum cholestoral in mg/dl PIBEHB XOJIECTEPUHY B KPOB1 B MI/JJT
' - — -
6 | fasting blood sugar > 120 mg/dl piBeHb LyKpY B kpoBi > 120 | 1 Tax
MT/ T 0=mni
7 resting electrocardiographic results eneKTpokapaiorpadiuHi pe3ynbTaTH B CTaHi
(values 0, 1, 2) criokoto (3HauenHs 0, 1, 2)
8 | maximum heart rate achieved MaKCHMaJIbHa YaCTOTa CEPIICBHX CKOPOUCHb
9 | exercise induced angina CTCHOKApJIA, BUKIMKAHA 1= Te.‘K
(hI3UYHIMU BIIpaBaMu 0=mi
oldpeak = ST depression induced by VOHIDKCHHA CErMEHTY ST ma EKT, .
10 . . BUKJIMKaHEe (PI3MIHUMH BIIPABAMH BiJJHOCHO
exercise relative to rest
CIIOKOIO
. . 1 =3poctae
slope of the peak exercise ST HAXWJI MIKOBOTO pocT =
11 2 = (ikcoBaHUit
segment cermenta ST
3 = yOyBae
12 number of major vessels (0-3) KUTBKICTh 0cHOBHUX cynuH (0-3),
colored by fluoroscopy 3a0apBIeHUX TIPH (PIFOOPOCKOITii
3 = B MeXax HO
13 thal: 3 = normal; 6 = fixed defect; 7 U fedpext 6= Z)il\I/IwOB:HIEIﬁpM;I(beKT
= reversable defect A J 1A
7 = 000poTHUH HedeKT

IliaroroBKka Ta aHaJ i3 JaHUX

3aBaHTa)KyeMO JIaH1 PO 3aXBOPIOBaHHs ceplis. JlaH1 MalOTh HaCTYNHUM BUTIIA] (TIepIi

5 3amuciB):

In [123]:
Out[123]:

X.head()

slope_of _peak_exercise_st segment

patient_id
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yitlslx
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oytdek

resting blood_pressure

patient_id
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128
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fasting_blood_sugar gt 126 mg_per _dl
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ryoo3;j
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chest_pain_type

thal
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serum_cholesterol mg_per_dl oldpeak_eq_st _depression sex age

patient_id

azedun Jas a.a 1 45

ryoo3;j 214 1.6 e 54

yitlslx 384 a.a 1 77

12xjde 223 a.a 1 4

oytaek 27a 4.2 1 549
max_heart_rate_achieved exercise_induced_angina

patient_id

azadun 17e a

ryoo3;j 158 =]

yitlslx 162 1

12xjde 181 @

oytaek 145 2}

[TepeBipsieMo Harll AaHi HA HAIBHICTH MPOIYIIEHUX 3HAUCHb:

In [125]: X.isnull{).sum()
Out[125]:

slope_of _peak_exercise_st_segment
thal

resting_blood_pressure
chest_pain_type

num_major_vessels
fasting_blood sugar_gt_ 128 mg_per_dl
resting_ekg_results
serum_cholesterol_mg_per_dl
oldpeak_eq_st_depression

sex

age

max_heart_rate_achieved
exercise_induced_angina

dtype: inte4

DO 0000000

[TpormyckiB HeMae.

[TpoBouMO TEepeBipKy HASIBHOCTI MUCOaNlaHCy MUTbOBHX KiaciB (PpyHKis countplot,
puc. 1).

Count of each Target Class

100 4

Count

201

Target Classes

Puc. 1

Kiacu moxna BBakatu 30a1ancoBannMu (00°ekTiB kimacy «0» - 100, «1» - 80).

PosrisiHeMo, HaCKUTBKH BIAPI3HSIOTHCS 3HAYCHHS aTpUOYTIB IS IUTOBHUX KiaciB. J{ist
IILOTO MOOYAY€EMO Jiarpamy pO3CiFOBaHHS JIJIS KOKHOTO 3 aTpUOYTIB 32 TOTIOMOTO0 (hYHKITii
swarmplot, B sKiii TOYKM KOPHUTYIOTHCS VY3IOBXK KaTETOPIHHOI OCi Tak, MO0 BOHU HE
nepekpuBanucs. Lle qae xpanry kapTUHY pO3IOALTY 3HAYECHb:
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SIk BHIHO 3 jmiarpam, HE3BaKAr0UW Ha MPUCYTHICTH NESKUX BIIMIHHOCTEH B 3HAUCHHSIX
aTpuOyTiB y PI3HUX IUTBOBUX T'PYI, MH HE MOXEMO UITKO iX po3MexyBard. lle Bka3ye Ha
HEOOX1IHICTh 3aCTOCYBaHHS KiIacudikaropa s OOy J0BU MOJIEII.

Bukonaemo 00poOKy maHMX: TEpPEeTBOPUMO KaTeropiayibHi JaHi y OiHapHi,
HOPMAJII3yeEMO yCi YHCIIOBI 10 0JTHOTO miana3ony [0..1].
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def Preprocessing_categorical(X):
import pandas as pd

trainThal = pd.get_dummies(X['thal'])

trainSlope = pd.get dummies(X['slope_of_peak_exercise_st_segment'], prefix="slope')
trainChestPain = pd.get_dummies(X['chest_pain_type'], prefix="chestPain")
trainResting = pd.get_dummies(X[ 'resting_ekg_results'], prefix="restingkkg")
trainnum = pd.get_dummies(X[ 'num_major_vessels'], prefix="num_major_vessels')

X.drop([ "thal’, 'slope_of_peak_exercise_st_segment','chest_pain_type’, 'resting_ekg_results’, 'num_major_vessels'], axis=1, inplace=True)
X = X.join([trainThal, trainSlope, trainChestPain, trainResting, trainnum])

del trainThal, trainSlope, trainChestPain, trainResting, trainnum

return (X)

def Preprocessing_numerical(X):

from sklearn.preprocessing import StandardScaler

col_names = ['resting_blood_pressure', 'serum_cholesterol mg_per_dl', 'oldpeak_eq_st_depression', 'age', "max_heart_rate_achieved']
features = X[col_names]

scaler = StandardScaler().fit(features.values)

X[col_names] = scaler.transform(features.values)

return (X)

[Iposenemo t-SNE Bi3yamizamito 3miHHOT y. T-Distributed Stochastic Neighbor
Embedding (t-SNE) - ne Merox HENIHIMHOIO 3MEHIIEHHS PO3MIPHOCTI, SIKUH J100pe
MIAXOAMUTH JUIs Bi3yanizauii OararoBuUMipHUX HaOopiB naHux [5]. Meroa Mojentoe KoXeH
00'eKT MPOCTOPY BUCOKOI PO3MIPHOCTI JBO- 200 TPUBHUMIPHOIO TOYKOIO TaKMM YUHOM, 1110
OJIM3BKI 33 XapaKTePUCTUKAMH €JIEMEHTH JaHUX B 0araTOBUMIPHOMY MPOCTOpPI (HapUKIIa,
JaTacera 3 BEJIMKUM YHMCIIOM CTOBIIIB) MPOEKTYIOTHCS B CYCIIHI TOUKH, a PI3HOPIAHI 00'€KTH
3 BEJIMKOIO0 WUMOBIPHICTIO MOJICTIOIOTHCSI TOUKAMHU, SIK1 CTOSTH JTaJIeKO OJIHA BiJl OJHOI.

def t_SNE_visualization(X,y):

from sklearn.manitold import TSNE
import matplotlib.pyplot as plt

model = TSNE(learning_rate=58)

transformed = model.fit_transform(X)

x5 = transtormed[:,@8]

ys = transtormed[:,1]

plt.scatter(xs, ys, c=y, alpha=8.5,cmap="viridis')

return plt.show()
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OTtpuMaHi pe3yabTaTH MOKa3yl0Th, [0 MU MAEMO JIIHIHHO HEPO3JIUIbHY BUOIPKY.
Jliisa moGyoBU Mojieni KinacudikaTopa BUKOPUCTAEMO METOJ1 ONIOPHUX BeKTOpiB (SVM)
c rbf (pamianpHa 6a3zoBa QyHKIIis) sapoM [6, 7].

Io6ynoBa MojeJi kiaacugikaropa

Poz6uBaemo BubOipKy Ha TpeHyBaJIbHY Ta TeCTOBY (75% / 25%):

X train, X test, y train, y test = train_test split(X, y, test size=0.25, random_state=109)

HaBuanus moneni xkiacudikatopa IpoBeIeMO Ha OCHOBI METOAY OIOPHUX BEKTOPIB.
CrBopumo 00'ekT KiacudikaTopa, BUKOPUCTOBYIOUM IapaMeTpyd 3a 3aMOBYECHHSIM.
[IpoBeneMo HaBUYaHHSA MOJEJI Ha JaHUX TPEHYBaJIbHOI BUOIpKU. BUKOpUCTOBYIOUM HABUEHY
MOJIeNIb, BUKOHAEMO IepeadadyeHHs KiIacy AAHUX TECTOBOi BHOIPKM Ta BHU3HAUYMMO 0a3oBY
OIIIHKY SIKOCT1 MOJIeJ1 Ki1acudikaropa:

from sklearn.svm import SVC
clf = SWC(kernel="rbf", probability=True}
clf.fit(X_train, y_train)

print(‘Train Accuracy:', clf.score(X_train, y_train))
print( Test Accuracy:', clf.score(X test, y test))

Mu oTpumanu TOYHICTh Ha TpeHyBajdbHOMY Habopi 0,89 ta 0,8 Ha TectoBomy. Jlis
MIIBUIIEHHS IKOCTI MOJIeII1 HE0OXiTHA ONTUMI3AIIIS TTapaMeTPiB.
[Tobynyemo KprB1 HaBYaHHS.

Model Development Functions.learning_curves(clf,X_train,y_train)

def Learning_curves(estimator,X train,y_train):

import numpy as np

from sklearn.svm import SVC

from sklearn.model selection import learning_curve
import matplotlib.pyplot as plt

train_sizes, train_scores, test scores = \
learning_curve(estimator=estimator,
X=X_train,
y=y_train,
cv=10,
n_jobs=-1,
train_sizes=np.linspace(0.1, 1.8, 18))

train_scores_mean = np.mean(train_scores, axis=1)

train_scores_std = np.std(train_scores, axis=1)

test _scores_mean = np.mean(test_scores, axis=1)

test _scores_std = np.std(test_scores, axis=1)

plt.plot(train_sizes, train_scores_mean, 'o-', color="r", label="Training score")

plt.fill between(train_sizes, train_scores_mean - train_scores_std,
train_scores_mean + train_scores_std, alpha=0.1,
color="r"}

plt.plot(train_sizes, test scores_mean, 'o-', color="g", label="Cross-validation score™)

plt.fill _between(train_sizes, test scores_mean - test scores_std,
test_scores_mean + test_scores_std, alpha=0.1, color="g")

plt.xlabel('Training examples')
plt.ylabel('Score")
plt.legend(loc="best")
plt.ylim([©.4, 1.8])

plt.grid()

return plt.show()
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OTtpuMaHi KpUB1 HaBYaHHS [MOKa3yIOTh, 10 30UIbIIEHHS 00’ €MY TPEHYBaJIbHOT BUOIPKHU
MOX€ TTOKPAIIUTH SKICTh MOJIEI.
[Tobynyemo kpuBi Bamiganii [uist mapametpy C:

param_name= 'C'
param_range = [6.801, 6.81, 0.1, 8.25, 0.5, 0.75, 1.8, 10.0, 100.0]
Model Development Functions.Validation curves(clf, param_range, param_name, X train, y train)

def Validation_curves(estimator, param_range, param_name, X_train, y_train):

import numpy as np

from sklearn.svm import SWVC

import matplotlib.pyplot as plt

from sklearn.model_selection import walidation_curve

train_scores, test_scores = validation_curve(
estimator=estimator,
X=X_train,
y=y train,
param_name=param_name,
param_range=param_range,
cv=18,
n_jobs=-1)

train_mean = np.mean(train_scores, axis=1)
train_std = np.std(train_scores, axis=1)
test_mean = np.mean(test_scores, axis=1)
test std = np.std(test_scores, axis=1)
plt.plot(param_range, train_mean, ‘o-', color="r", label="Training score")
plt.fill between(param_range, train_mean - train_std,
train_mean + train_std, alpha=0.1,
color="r")
plt.plot(param_range, test_mean, 'o-', color="g", label="Cross-validation score")
plt.fill between(param_range, test_mean - test_std,
test_mean + test std, alpha=0.1, color="g")

plt.xscale('log")
plt.xlabel( 'Parameter
plt.ylabel( 'Score’)
plt.legend(loc="best")
plt.ylim([©.4, 1.8])
plt.grid()

'

+ param_name)

return plt.show()
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Mu 6aurMo, 110 TOYHICTh Ha TPEHYBaAJIbHINA BHOIpIII 3pocTae 31 30UIbIICHHS TapaMeTpa
C, ane Ha TecToBoMY Habopi BoHa noynHae maaatu 3 C = 0,75.
[ToGymyemo kpuBi Bamigarii as mapamerpy gamma (y) mpu C = 0,75:

clf = svVC(kernel="rbf", probability=True, C=0.75)

param_name= 'gamma’

param_range = np.linspace(@.8001, 18, 180)

Model Development Functions.Validation curves(clf, param range, param_name, X train, y_train)
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Buxonsuu 3 oTpuMaHuX KpUBUX, ONTUMAJILHUM 3Ha4eHHsIM gamma € 0,1.

3a J0MOMOror KpHUBHX Baligalii MM OTpUMajd, B NEpUIOMY HaOJMKEHHI, 00JIacTh
ONTHUMAIBHUX 3HA4YeHb mapametpiB. [ami, mis Bu3HaueHHs Haiikpamoi komOiHamii C 1 vy
BHKOPHUCTAEMO MOIIYyK 1o citii. s uporo 3renepyemo no 100 3Hauens mapametpiB C 1 7.
Takum ynHOM, Mu oTpumaemo citky 100x100 komb6inaniid C 1y s Hawmoi moaeni. Koxna
KOMOiHallisl TepeBipsieTbcd 3 BUKOPUCTAHHSM Kpoc-Bajiinanii, 1 BHOUpaeTbcs Ta, sKa
nposiBiiia cebe Kpamie 3a BCix I1HmuUX. PDiHanbHa MOJENb, KA BHUKOPUCTOBYETHCS s
TECTYBaHHsS Ta Kiacuikalii HOBHX JaHUX, HABYA€ThCA IOTIM Ha BCIA MHOXMHI 3
BUKOPUCTaHHIM O0OpaHUX MapamMeTpiB.

param_grid = {"C": np.linspace(®.1, 1, 100), "gamma": np.linspace(©.065, 6.4, 1080)}
best_clf=Model Development_Functions.Grid_Search_CV(clf, param_grid, X_train, y_train, X_test, y_test)
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def Grid_Search_CV(estimator, param_grid, X_train, y_train, X test, y_test):

import time
from sklearn.svm import SVC
from sklearn.model selection import GridSearchCV

searchCV = GridSearchCV(estimator, param_grid, cv=1@, scoring='accuracy’, n_jobs = 3, verbose = @)
start = time.time()

searchCV.fit(X_train, y_train)

end = time.time()

print("Elapsed time: " + str(round((end-start)/60)) + " min.")

print('Examine the best model:")

print('Best Score: ' + str(searchCV.best_score_))
print('Best Parameters: ' + str(searchCV.best params_))
print('Best Estimator: + str(searchCV.best_estimator_))

'

best svm=searchCV.best_estimator_
best _svm.fit(X_train, y_train)

print('Training Accuracy:', best_svm.score(X_train, y_train))
print('Testing Accuracy:', best_svm.score(X_test, y_test))

return best_svm

Pesynbratu ontumizanii:

In [136]: best_clf=Model Development_Functicns.Grid_Search_CV(clf, param_grid, X_train, y_train, X test, y_test)
Elapsed time: 4 min.
Examine the best model:
Best Score: @.8592592592592593
Best Parameters: {'C': @.5272727272727272, 'gamma': @.04898989090909@91}
Best Estimator: SVC(C=8.5272727272727272, cache_size=288, class_weight=MNone, ccef@=8.8,
decision_function_shape="ovr', degree=3, gamma=@.84898989098009091,
kernel="rbf", max_iter=-1, probability=True, random_state=None,
shrinking=True, tol=8.881, wverbose=False)
Training Accuracy: ©.8740748748740741
Testing Accuracy: @.822222232232222222

TakuM 4YMHOM, ONITUMAIbHUMHU 3HauUe€HHsAMU napameTpiB C 1y €:
best clf =SVC(C=0.527, gamma=0.041, kernel="rbf")
[Ipu 1bOMy TOYHICTH MOJIEJII HA TECTOBOMY Habopi 30uIbIIMIach 110 82,2%.

BucnoBku

Jliig moOynoBU MoJeli, HacaMIiepel, HeoOX1IHO IPOBECTH aHalli3 HasBHUX JAHUX, 1110
JacTb MOJKJIMBICT BHM3HAQUUTHU CKJIAQJHICTh IIOCTABJICHOTO 3aBJaHHS Ta 3BY3UTh KOJO
BIIMOBIIHUX METOAIB. Jlai HEe0OX1THO MPOBECTH YHCTKY 1 00pOOKY TaHUX, TOOTO MIATOTOBKY
1o mojentoBaHHs. [1oTiM 3acTocOByeThCs 0OpaHa MO/ieib, B HALIOMY BUIAJKY KiIacuQikallii,
3 1i mojanpoio onTuMizauiero. [lpu ninbopi napameTpiB HEOOX1AHO BUKOPUCTOBYBATH KPOC-
BAJIalllI0 SIK HAa TPEHYBAJIbHIA Ta TeCTOBI BHOIpKax, Tak 1 BCEpEAUHI TPEHYBAJIbHOIO
Habopy AaHuX. TakuM 4YMHOM MOXHA OTPUMATH BUCOKY TOUHICTh MOJIEN1 NPH 11 poOACTHOCTI.

CnucoK BUKOPHUCTAHOI JiTepaTypu:

1. Knaccudukanus [Enekrponnmit pecypc]. — Pexum goctymy: http://www.machinelearning.ru/wiki/
index.php?title=Knaccuduxarus.
2. MammaHoe o0yuyenue (kypc jekimii, K. B. Boponmor) [Enexrponnuii pecypc]. — Pexum pocrymy:

http://www.machinelearning.ru/wiki/index.php?title=Mamnnoe o0yuenune %28kypc nexnmii%2C K.B.Bo
poH110B%29.

3. Manuk [.B. Meroau MaliMHHOTO HaBYaHHS [UIsl CTATUCTHYHOI 00poOkK MenuuHux nanux / 1.B. Manuk, T.B.
Kuirninpka // HaykoBuii BicHHK YepHiBeupkoro HamioHanbHOro yHiBepcurery. Cepis: Komm’rorephi
cuctemu Ta kommoneHntu. — 2017. — Tom 8, Bunyck 2. — C. 77 — 85.

51



ISSN 2076-5886 (Print) Cepis «Ilpuxnaona mamemamuxa. Ingpopmamuxay. Bunyck Ne 1.2019

4. Statlog (Heart) Data Set [Enextponnuii pecypc]. — Pexum moctymy: http://archive.ics.uci.edu/ml/datasets/
statlog+(heart).

5. L.J.P. van der Maaten. Visualizing High-Dimensional Data Using t-SNE / L.J.P. van der Maaten, G.E.
Hinton // Journal of Machine Learning Research. —2008. —Ne 9. — P. 2579 — 2605.

6. Cortes C. Support-vector networks / Cortes C., Vapnik V. // Machine Learning. — 1995. — Ne 20 (3). — P.
273-297.

7. Cristianini N. An Introduction to Support Vector Machines and Other Kernel-based Learning Methods / N.
Cristianini, J. Shawe-Taylor. — Cambridge, U.K.: Cambridge University Press, 2000. — 189 p.

Bibliography:

1. Klassifikatsiya [Classification]. (2011). Retrieved from http://www.machinelearning.ru/wiki/index.php?
title= Classification [in Russian]

2. Mashinnoe obuchenie (kurs lektsiy, K. V. Vorontsov) [Machine learning (lecture course, K.V. Vorontsov)].
(2019). Retrieved from http://www.machinelearning.ru/wiki/index.php?title=Machine learning_
%28course_lecture%2C K.V.Vorontsov%?29 [in Russian]

3. Malyk L.V., Knizhnitskaya T.V. (2017). Metody mashynnoho navchannia dlia statystychnoi obrobky
medychnykh danykh [Methods of machine learning for statistical processing of medical data]. Naukovy
Visnyk Chernivetskogo Natsionalnogo Universitetu. Seriia: Kompiuterni systemy ta komponenty, —
Scientific Bulletin of Chernivtsi National University. Series: Computer Systems and Components , v. 8, is.
2, 77-85 [in Ukrainian].

4. Statlog (Heart) Data Set. (n.d.). Retrieved from http://archive.ics.uci.edu/ml/datasets/statlog+(heart).

5. L.J.P. van der Maaten and G.E. Hinton. (2008) Visualizing High-Dimensional Data Using t-SNE. Journal of

Machine Learning Research, 9(Nov), 2579-2605.

Cortes C., Vapnik V. (1995) Support-vector networks. Machine Learning, 20 (3), 273-297.

7. Nello Cristianini, John Shawe-Taylor. (2000) An Introduction to Support Vector Machines and Other
Kernel-based Learning Methods. Cambridge, U.K.: Cambridge University Press.

o

PISKUN Oleksandr,

PhD, Associate Professor of Department of Automation and Computer-integrated Technologies, The
Bohdan Khmelnytsky National University of Cherkasy

CLASSIFICATION MODEL BUILDING USING MACHINE LEARNING METHODS

Summary. Introduction. Classification is one of the machine learning fields that solves the
following problem: let there be a multitude of objects separated into classes according to one or
several attributes. A finite set of objects is given for which it is known which classes they belong to.
What class the rest of the objects belong to is unknown. It is necessary to build an algorithm capable
of classifying an arbitrary object of the original set.

Let’s consider the most common data classification algorithms.

Decision tree. The principle of this method is to recursively split the set of elements into subsets
containing elements that belong to the same class. Different types of decision trees differ in finding the
target variable and its attributes to build a new node.

Bayesian classification. Bayesian classification belongs to statistical classification methods
that predict an object’s class with the help of the probability theory. The algorithm is based on the
Bayes theorem and assumes the independence of the considered attributes.

K-nearest neighbors. The method assumes that the next object from the test set belongs to the
class to which the majority of its closest “neighbors” from the training set belong. In this case, the
closest observations to the test object defined as neighbors. Thus, the new object is placed in the class
containing the largest number of closest similarities.

Support Vector Machine. This method uses a hyperplane to divide space into subspaces that
characterize individual classes. The objects lying on the border of the formed regions are called
support vectors. In the case of a linear inseparability problem kernel transformation is used.

Purpose. The purpose of this paper is a step-by-step presentation and practical application of
the algorithm for the classification model building.

Results. Application of the provided algorithm for the classification model building to
determine the presence or absence of heart disease based on the real data set made it possible to
achieve high efficiency and robustness of the model.

Conclusion. The paper presents an algorithm for building a model of the classification problem
solving to determine the presence or absence of heart disease based on machine learning methods.
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Data pre-processing and analysis enabled identification of the non-linear dependencies of the target
variable and prepared the data for effective modeling. SVM method with Rbf Kernel was applied for
the classification model building. The model parameters were optimized using a grid search with
cross-validation of each combination of the parameters.

Building a model first of all it is necessary to analyze the available data in order to reveal the
complexity of the given problem and narrow down the range of suitable methods. Next, it is needed to
clean and pre-process the data — prepare it for modeling. Then the selected method should be applied
and optimization of the parameters should be provided. By the parameter selection, it is crucial to use
cross-validation both on the training and test samples, and within the training data set itself. Thus, it
is possible to achieve high accuracy of the model with a good degree of its robustness.

Keywords: machine learning, classification, support vector machine, data mining, t-SNE
visualization.
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3ACTOCYBAHHSA AHCAMBJIIB HEfIPOHI—{HX MEPEX JJISA PO3B’AA3AHHSA
3AJAYI KITACUPIKALII 30bPA’KEHD

Y pobomi onucano icuyroui nioxoou 00 no6yoosu ancamonie mooenel y MauuHHOMY HABUAHHI.
Hagedeno natibinv nonyaspui cucmemu 05 HAGYAHHS HeUPOHHUX Mepedic. Y axocmi 6a3060i modeni
00pano 08OWUAPOBY HEUPOHY MEPeHCy NPIMO20 PO3NOBCIOONCEHHS, WO MAE 0OUH NPUXOBAHULL uLap.
Posensnymo 0ea nioxoou 00 nobyooeu aHcambOnO HEUPOHHUX Mepexc, MaKi K YCepeOHIHUll
ancambab ma aHcamoOnb 3 KepieHukom. Bonu Oyau peanizosani za donomoeoro bOibniomex Keras i
TensorFlow. Ilposedeno 0ocnioxcenHs epheKkmueHoCmi 3aCmMOCY8anHs aHcamoOnie 00 pO38 S3aHHS
3aday knacugixayii s06pasicenv. s mecmysanns oopano nabip danux MNIST ons kracugixayii
pykonucHux yugp. Hocriosceno eghpexmusHicms uKopucmants ancamoénie pisnoi cmpyxmypu 3 3-9
HeUpOHHUX MepedrC.

Knrouosi cnosa: mawunne nasuanms, 3aoava Kiacuixayii, HeUpoHHa mepedica, ancamoiv
Modereti.

ITocranoBka npodaemu

OcTaHHIM YacoM MallMHHE HABYaHHS € OJHIEI0 3 TEPEIOBHX TEXHOJIOTIM Cy4aCHOCTI.
MaivHHe HaBYaHHS K 00JaCTh IMPAKTHYHOI JISJIBHOCTI, 1 SIK c(pepa HAYKOBUX JOCIIIKEHb
QITOPUTMIB, TOJAra€ y OTPHUMaHI 3HaHb 3 JaHMX MIJISXOM BHSBICHHS IPUXOBaHUX
3aKOHOMIpHOCTEeH B HUX. [lepeTBOpeHHs JaHUX Yy 3HAHHS € 0COOJMBO aKTYyaJbHOIO 1 I[IKaBOIO
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