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IH®OOPMAIIMHA TEXHOJIOI'IS NEPEJBAUYEHHS IIIHU
HPOJAXKY BYJIUHKIB Y KIHI'-KAYHTI METOJIAMUA
MAIINHHOI'O HABYAHHA

'BiHHHMIBKHUI HAIIIOHAIBHUA TEXHIYHHUII YHIBEpCUTET

lMpodax ma Kynierns Hepyxomocmi, 30Kpema xumia, 6yOuHKie € Had3su4yalHO eaxrueumu Orisi Hawozo
xumms. binbwicme nodeli 36epmarombcsi 8 azeHmemesa Hepyxomocmi 00 pienimopie 3 memoro rpudbaHHs
SKICHO20 XXumjJia ma 800Ho4Yac fo onmumarsibHO 8uziOHill 0t NoKynus uiHi. Bapmo noknadamucek He nuwe Ha
ocobucmy ouiHKy abo OUiHKY CMOPOHHIX eKcriepmis, afe makox gukopucmosgysamu cucmemu nepedbayeHHs
UiHu, 5iKi 3@ 00romMoeoro o3HaK 6yOuHKy (rowa, KifbKicmb rnoeepxis, Micue po3maulyeaHHs, KiflbKicmb crarsib-
HUX KiMHam, pik nobydosu mouwj0) cripoMoxxHi nepedbadyamu mMoxiugy oo yiHy. Cmamms npucesiyeHa 3ada-
4i no nidsuwieHHi moyHocmi nepedbayveHHs UiHU rpodaxy 6yduHkie y KiHe-KayHmi memodamu malwuHHO20
HagYaHHS WIIsIXOM CMBOPEHHS iHghopmauiliHoi mexHorioaii nepedbayvyeHHs yiei yiHu. 30idicHeHO aHari3 npoda-
XKy ma Kyriesii HepyxomMocmi, rnonepedHbO 3arporioH08aHO 03HaKU, SKi Maromb 8r/iU8 Ha UiHOymeopeHHs by-
OuHkig. BukoHaHO 8ubip damacemy ma onuc (020 OCHOBHUX O3HaK, onepeodHE OYUWEHHST OaHUX, rnpoeedeHo
po3eidysanibHuli aHasi3 OaHUX, 3arporioHO8aHO fpasusio inbmpauii aHomManbHUX 3Ha4dyeHb Onsi obpaHo20
Oamacemy, 8ubpaHO MHOXUHY MOXugux modesiel, 30ilCHEHO iX mpeHyeaHHsi ma eubpaHo ornmumarbHy
cepeld Hux, HagedeHO ma rpoaHasizoeaHo pesysbmam pobomu modesniel, Ond MOpPiBHSIHHS HagedeHo MmoY-
Hicmb nepedbayeHHs aHanoaidHux piweHb. OmpumaHo onmumarbHy peepecitiHy modens LGBM, ii 3acmocy-
8aHHs1 003801USI0 ompuMamu moyHicme riepedbayerHHs 0.876, wo € binbwum 3a 0.82, AK y HalKkpaujo20 aHa-
Jnioza. Haykoea Hoeu3Ha riosnisizae y momy, w0 Oicmana nolanbwuli po38UmoK iHghopmauiliHa mexHosoais
nepedbayeHHs yiHu npodaxy 6yduHkie y KiHe-KayHmi 3 eukopucmaHHsaIM Memodie MawuHHO20 HaB4YaHHS, sika
00380715i€ Mid8ULWUMU MOYHICMb makoeao rnepedbayeHHs1 y NOPIBHSHHI 3 aHarno2amu.

Knio4yoBi cnoBa: iHhopMaLinHa TexHOMoris, po3BiayBanbHU aHania AaHux, nepeabadeHHs UiHv, OyanHok,
03HaKu, MoAeni MalLMHHOIO HaBYaHHS.

Beryn

ChOToJTHI MM MOKEMO CIIOCTEPITaTH BEUKY KUTbKICTh OyIUHKIB, SIKi MpoaaroThes. Jeski 3 HUX nepe-
OyBaroTh y Mpolleci 3BeJIeHHs, 1HIII BXXe BBEICHI B eKCIUTyaTaito. [Ipu boMy BapTiCTh KBaJpaTHUX MET-
piB B 00’€KTax 3HaUHO BiJpi3HAEThCA. LliHM 3anexars Bif Tumy OymiBIi, MicTa, pallOHY, TEXHIKH Oy/TiB-
HUIITBA, IJIOII, IIAaHyBaHHS, CTaHy Ta 0aratboX iHIIMX (GakTopiB.

VY 3B’s3Ky 3 IUM BHHUKA€E MMUTaHHS CKIIAJaHHs BIPHOI IiHK MPoAaxy Ha OyAuHOK. [laHe muTaHHSA 1y-
e aKTyaJlbHe Yy Halll yac, Ta HaleBHE HE MEHII aKTyaJbHUM 3aJHIIATUMEThCS y HAHOIMK4l POKH, a MO-
JKIJIMBO 11 y MaliOyTHEOMY .

Ominka OyUHKY — mociyra, 0e3 sikoi He 00IMTHCh Y OaraThox Bumaakax. @akTudHO OyIb-sIKi omepa-
i1 3 HEPyXOMUM MaifHOM BUMArarTh PO3paxyHKY HOro puHKOBOI BapTocTi [1].

HeoOxinHicTh BU3HaUEHHS TOTO, CKIIBKH KOIITYE OYAMHOK, MTOTPIOHO B PI3HUX JKUTTEBUX CHUTYaIlifX.
Hampukiaz [1]:

— KO 0hGOPMIIETHCS CHIAIINIMHA, BU3HAYAETHCS pealibHa BapTiCTh OYAWHKY. AJDKE IOJaTKOBI 30-
0O0B’s13aHHS 32 00 €KT, U0 YCIaAKOBYETHCS, JISTAIOTh HA IUIEYi CHaJKOEMI. 3aHWKEHA BapTICTh TaKOX
HE CXBAJIFOETHCS. Y MOJATKIBIB MOXYTh BUHUKHYTH JOJATKOBI MUTAHHS, IO CIPUYMHUTh BUILIATY JO-
JIATKOBUX TIOJIaTKOBHX BiJIPaxyBaHb;

— IpU BHECEHHI BIACHOCTI /10 CTATYTHOT'O KalliTally HiAMPUEMCTBA,;

— KO OyIWHKY 3aBJaHO LIKOIH;

BJIACHUK XOU€ 3aCTPaxyBaTH )KUTJIO;
— OIIiHKa BapTOCTi OyIMHKY IIiJ] 4ac pO3JTyUEHHS;
YroJ KyHiBIi-lPOJaxKy TOLIO.
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Slkimo x HaeThCs IMpo KOTEKHE ceo abo MicTeuko, sk, Hanpukian Kiar Kayati (okpyr mraty Ba-
muaTrTOH, CIIIA), TO Ha OIIHKY BIUIMBATHMYTh BHYTPIIIHS 1HGOPACTPYKTypa, BiAAANEHICTh BiI ICHTPY,
CTaH €KOJIOTii, HasBHICTh MPUOYAMHKOBOI AIJISTHKH, OXOPOHU Ha TEpUTOPii Ta HaBiTh 3a0ynoBHUK. [lepe-
Baru 3a Oy/Ib-IKUMU IYHKTaMH T IBHIIYIOTh LIHHICTh 00’ €KTa, OTKE — 1 HOTO BapTICTh.

Indopmariiitna TexHomoris nepeadadeHHs MiHA MPOIAXy OYIMHKIB CKIIAAAE€THCS 3 PO3B’I3aHHS TaKHX
3ajad:

— BUOIp onTUMaNBHUX 1H(QOPMALITHUX TEXHOJIOTIH;

— BHOIp IaTaceTy, oI OCHOBHHUX O3HAK Ta MONEPEIHE OUUILCHHS JaHUX;

— TPOBEIEHHS PO3BIAYBAIBHOTO aHATI3Y JTAHUX;

— BUOIp onTUMAaJIBHOI MOJETi, CTBOpEHHsI iHpopMaIiifHOI TeXHOMOTIi Ta ii 3acTocyBaHHS AJS MEpea-
OayeHHs TaHUX.

Memoto cmammi € TABUINEHHS] TOYHOCTI NiependadeHHs MiHu npoaaxy OynuakiB y Kinr-Kaynri me-
TOaMH MAIIMHHOTO HAaBYaHHS IIIXOM CTBOPEHHs iH(popManiifHoi TexHoorii nepeadaueHHs i€l HiHu.

Bubip naracery, orjsii 0CHOBHUX 03HAK Ta MONEPEIHE OUNIIEHHS JAHUX

Juia mposenenHs gociimkeras BukopuctoByBatuMmemo naHi CLHA, Kiar-Kaynri (mo 21613 Oynus-
kax) i3 maracety «House Sales in King County, USA» nHa 6a3i mutardpopmu, To06T0 6€3 00MexeHb Ha KO-
MilOBaHHs 1 BUKOpHUCTaHHs [2]. s peanizanii oOpaHi mporpaMHi makeTy Ta 0i0JIi0TeKH MOBHU Iporpamy-
Bauus Python.

Jani micTsath Taki o3uaku (puc. 1) [2]:

— Jara, Koju OyauHok OyB posnpomanuii (“date”);

— uina OyauHKy (“price”);

— KUTBKICTh criasieHb y Oymuaky (“bedrooms”);

— KinbKicTh BaHHMX KimMHAT (“bathrooms”);

— 1uronia OyMHKY y KBajapatHux ¢yrax (“sqft_living ”);

— mIoIma 3eMenabHOI minsuaku (“sgft_lot™);

— KinbKicTh oBepxiB Oymunky (“floors™);

— 4u € BUJ Ha HaOepexny (“waterfront ”);

— 9y neperssiaani o0yauHokK (“View”);

— craH OyauHKY 3a mkasoro Big 1 g0 5 (“condition”);

— 3araJibHa OIliHKa, Ha OCHOBI cucTeMu kiacudikaiii rpadcrea Kinr 3a mkamorwo Bix 1 mo 11
(“grade”);

— Turonra OyJMHKY HE BPaxoBYIOUH MifBajbHe nmpuminienns (“sqft_above”);

— TUIOLIA MiBaJIBHOTO MpuMileHHs OyauHKy (“sqft_basement”);

— pik mobymosu (“yr_built”);

— TOIITOBHH iHIeKC OyauHKYy (“zipcode”);

— KOOpJMHATH pO3TalllyBaHHS OyAWHKY, mpoTa Ta gosrota (“lat”, “long”);

— IUIONIA )KUTJIIOBOTO MPUMIIIICHHS HaiOmmwkunx 15 cycinis (“sqft_living15”);

— TUIONIA 3eMENBbHUX IUITHOK Haiiommkuux 15 cycimis (“sqft_lot15”).

Puc. 1. IIpuknan o3HaK OyIUHKIB, 10 MICTATHCS Y AaTaceTi

[IpoBenemo monepeaHe ouniieHHs ganux. OTpuMaBIM iHQOPMAIIiFO 03HAK JaTAaCeTy BHUSIBICHO, IO €
O3HaKH, sIKI MalOTh BEJIMKY KUIBKICTh HYJIbOBHX 3HAa4€Hb, A00 HE HECYTh HISKOI I[IHHOCTI Mpu mepeada-
YeHHI, TOMY X BHJIAJICHO, [I¢ TaKi O3HAKH, sK: “zipcode”, “view”, “waterfront”, “yr_renovated”.

[Ticns oumieHHs JaHUX OTPUMAHO Jatacet 3 15 o3rakamu 1o 21609 OynnHkax.

Po3BinyBanbHuii aHami3 JaHUX

3acrocyemo meron Describe mist mactymuux 3Hadenp kBanTwIiB (1%, 5%, 10%, 50%, 90%, 92%,
97%, 99%), HaBeneHO Ha puc. 2.



price sqft_lot floors condition

21613.000000

count | 2.1 Je+04
nean  5.400881e+05

std 3.671272e+05

)

1.000000 6.
1.000000 3
1.000000 7
2.000000 9,

9.

3.484832e+0.

2.000000
37

116 2.000000

2.000
2.000000
3.000000
3.000000

Puc. 2. 3HaueHHsI KBaHTIJIIB IJIs1 KJIIOYOBHX O3HAK OYANWHKIB

3 pHucyHKa 2 BHIHO, IO CYTTEBO BiAPI3HAETHCS IiHA OyIUHKIB 3 KBaHTHIEM 94% Ta 96% 1 MiHIMaIb-
HUM KBaHTHJIEM Ta 5%, aHaJOTiyHO LiHi OyAMHKY MpOaHali30BaHO iHII O3HAKU 3a KBaHTWIsIMHU. Lle mo-
3BOJIMJIO BH3HAUMTH MEXi /Ut (QiIbTpyBaHHS aHOMAlbHUX 3HA4YCHb, MOJAHE y BUIIISLII Koay Ha Python,
puc. 3.

traind = traind[(
(trainB| ‘price'] <= 1888888) &
(train8[ 'price’'] = 176688) &
(traind| ‘bathrooms'] <= 4) &
(trainB[ 'condition'] = 2.5) &
(traing['grade’] != 4) &
(traind[ ‘sqft_lot15'] > 1388) &
(trainB[ 'sqft_lot15'] < 44688) &
(traind[ 'sqft_lot'] = 15688) &
(traind[ ‘sqft_lot'] < 7086808) &
(trainB[ "sqft_living'] = 768) &
(traing[ "yr_built'] = 1925) &
(train8[ 'bedrooms’'] > B8) &
{trainB[ 'bedrooms'] < 7)
)]

Puc. 3. Tlpukian koxy Ha Python 3actocysanus QinkTpiB 3a BEpXHBOKO Ta HIKHBOKO MEKEIO 3HAUECHD T10 PSAY 03HAK

3a npaBWIIOM 3 PHUCYHKa 3 BUKOHAHO (iNbTPYBaHHS NaHMX, SIKE 1€ 3MEHIIMJIO garaceT a0 15825 Oy-
JIMHKIB, TicTOrpaMa JJis AKUX HaBeJeHa Ha PUCYHKY 4.
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Puc. 4. Iepesipka Ha aHoManbHi 1ani merogamu Matplotlib, Pandas ta Seaborn
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3 pricyHKa 4 BUJIHO TiCTOTpaMy PO3IOJIIICHHS IJAHHUX 3a I[IHO0 OyIWHKIB, OlIbIIa YaCTHHA OYINHKIB
Mae 1iny Big 200 Tuc. nonapis g0 450 THC. AonapiB, OyAWHKY 3 [iHOO BUIIOO 3a 800 THC. JT0oNapiB Tpan-
JSIOTHCA Piflle, MiATBEPKEHHIM TOTO € JiarpaMma «KopoOKa 3 Bycamm» 3 Hel TeX BUILTUBAE, IO Cepe-
H# WiHa OyIMHKY BapitoeThes Mk 3HaueHHs MU 300 Trc. nonapiB Ta 600 THC. 1oMapiB.

3a momomororo Mozenel miniiHoi perpecii, XGBoost Ta LGB nmobynoBaHo giarpamy BasKIHBOCTI 03-
Hak (puc. 5), 3 AKO1 BUIHO, IO HA [iHy OyAWHKY HAHOITBIINKA BIUTMB MAalOTh TaKi O3HAKH, SK: MICIle pO3-
TalryBaHHs OYIAMHKY, IUIOLIA 3€MENbHOI AUISTHKY, IJIOoIa Oy JUHKY, IUIOIIa 3eMEeJIbHUX AUISHOK Ta Oyau-
HKiB HAHOJIMKYWX CyCiiB, PiK TOOYIOBH.
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Puc. 5. liarpaMa Ba)XJIMBOCTi 03HAK

Buoip i HapyaHHs MoaeJieli Ta IX 3acTOCyBaHHs ISl lepel0ayeHHs JaHUX

3amaya nependaveHHs I[iHU HAa OYMHKH HAJICKHUTh JIO BUY MAIIMHHOTO HABYAHHS 3 yYUTEJeM (KOHT-
pOJbOBaHE HaBYAHHs). A OJJHHM i3 HalKpalluX BapiaHTiB PO3B’sI3aHHS JaHOI 337a4i € po3B’SI30K 3a JI0-
MIOMOTOI0 MOJIeJIeil perpecii Ta MojesIei, siki mo0y/I0BaHi Ha OCHOBI JiepeB pilieHsb [3].

Jnst BU3HAUeHHs LiHW OYJMHKY HEOOXiHO AOCHIAWTH 3aJEXKHICTh LIHM BiJ O3HaK TOrO YM 1HILIOTO
oynuuky. IlpomonyeThes 3actocyBat mogerni-perpecopu (RandomForestRegressor, XGBRegressor,
nghtGBM BaggingRegressor, ExtraTreesRegressor, LinearRegression, MLPRegressor) [4].

Ix 3acTocyBanHs 103BONMIIO PAaHXKYBATH [aHi 3a TouHicTIO R?-kpuTepito (puc. 6).

Mode r2_train | r2_test d_train d_test rmse_train rmse_test
2  LGEM 94.42 a87.60 6.77 10.04 4527 28313 6,847,700.24

XGE 895.7 26.99 6.2 10,26 3,971,028.02 7,014 609.60
0 Random Forest 47.00 a4.8 465 11.16  3,320,970.87 7,581,087.88
3 BaggingRegressor a47.14 24.56 4.56 1116 3,241,688.74 7.641,576.41
4 ExtraTreesRegressor  99.82 83.67 012 11.42 805,340.86 7,858,618.51
6 MLPRegressor 69.20 68.6 17.01 17.33  10B35,722.46 10,896,497 60
5 Linear Regression 67.68 67.29 7.73 17.92  10,894,560.31 11,122 762.64

Puc. 6. PamxyBanus 3a R>-kpuTepieM pe3ynbTariB mepe0aueHHs MOIeNel

Amnaris nokasas, 10 Halikpaiow Moaemno 3a R?-kputepiem € momens LGBM, ii 3actocyBanus mo-
3BOJIMJIO OTPUMATH TOYHICTh nepeadauerts 0.876.
JlaHe pillleHHs € KpaIliuM 3a TOYHICTIO BiJl aHAJIOTIB, SIKI BUKOPUCTOBYIOTh MOIOHI MOJIE, TAKUX, 5IK:
— «Predicting House Prices». R? = 0.82 [5];
— «House Price Predictions (R*2 0.82)» [6].



BucHoBkun

Hocnimkennst Habopy AaHUX, M0 MICTUTH iHpopMaito npo npogaxki OynuakiB CIIA (Kinr-Kaynri)
MOKa3ajo, Mo I TOYHOTO MependadeHHs MiHN MOTPiOHO MPOBECTH PO3TOPHYTHI PO3BiMYyBAIIbHUN aHa-
73 JaHWX, BiAQUIBTPYBaTH TIOMIIIKOBI Ta aHOMAaJbHI JaHi, BIIKMHYTH HeIOIiIbHI o3Haku. [1o0ymnoBaHO
Jiarpamy BaXKJIMBOCTI 03HaK. HacTyImHUM KpOKOM MOKHa MEPEXOUTH JI0 TPCHYBAHHS MOJISNICH Ta Mopi-
BHSIHHS X TOYHOCTI, JUIT BH3HAUCHHS ONTHMAJIbHOI. BH3HA4YeHO, M0 M1 po3B’sA3aHHS 3ajadvi mepemoda-
YeHHS I[IHU JAOLUJIEHO 00paTH Mopeli-perpecopu. Bubpano Tta HaTpeHOBaHO 7 Mozenel. OnTHMaIBHOIO
Bu3HaueHO Mojienb LGBM, ii 3acTocyBaHHs 103BOJIMIIO OTpUMATH TOYHICTH miependaueHns 0.876, mo €
OunbiM 3a 0.82, sk y HaWKpaIoro aHajiora. 3MiHCHEHO MiABUINECHHS TOYHOCTI Nepe0aYeHHS iHU MTPO-
naxy OyamskiB y Kinr-KayHti meromaMy MammmHHOTO HAaBYaHHS IIISXOM CTBOPEHHS iH(OpMAIiiHOT
TEXHOJIOT11 Iepea0adeHHs ITi€T IiHN.
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BiHHMLIbKMIA HaLiOHaNbHUIA TEXHIYHWI YHIBEpCUTET

A. R. Bohachuk!

Information Technology Predicting the Sale Prices of Houses
in King-County by Machine Learning Methods

Winnytsia National Technical University

The sale and purchase of the real estate, in particular housing, and houses are extremely important for our life. Most
people turn to real estate agencies to realtors in order to purchase quality housing and at the same time at the best price for
the buyer. You should rely not only on personal assessment or assessment of third-party experts but also use price predic-
tion systems that, using the features of the house (area, number of floors, location, number of bedrooms, year of construc-
tion, etc.), are able to predict its possible price. The report is devoted to the task of improving the accuracy of predicting the
sale price of houses in King-County using machine learning methods by creating an information technology for predicting
this price. The analysis of sales and purchases of real estate has been carried out, and signs that have an impact on the
pricing of houses have been previously proposed. The dataset was selected, and its main features were described, prelimi-
nary data cleaning was carried out, exploratory data analysis was carried out, a rule for filtering anomalous values for the
selected dataset was proposed, many possible models were selected, they were trained, and the optimal one was selected,
the result of the models was presented and analyzed, for comparison the prediction accuracy of similar solutions is given.
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An optimal LGBM regression model was obtained, and its application made it possible to obtain a prediction accuracy of
0.876, which is more than 0.82, as in the best analog. The scientific novelty lies in the fact that the information technology
for predicting the sale price of houses in King-County has been further developed using machine learning methods, which
makes it possible to increase the accuracy of such a prediction compared to analogs.

Keywords: information technology, intelligence analysis of data, price prediction, house, feature, machine learning
models.
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