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AHHOTALIUA

[lenapio mcciemoBaHMWE SBISACTCS MPUMEHEHHE PA3JMYHBIX METOJOB MAITUHHOTO
OoOy4eHHs Il TOCTPOCHUS PETPECCHOHHOM MOJENU IICHBI Ha TeJeBH30phl. B
pe3ynbTaTe MCCICIOBAHUS BBHIOpAHA MOJENh W TEPEMEHHBIC, 00ECIICUMBAIOIINC
Jy4Ilde pe3yJbTarhl I Tekylieh 3agaun. CpaBHEHHUE MOJCICH TIPOU3BEACHO Ha
OCHOBaHMHU OCHOBHBIX MeTpuk: R2, RMSE, MAE, MSE.
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Abstract

This article describes the learning process of a system that predicts the price of a
TV based on characteristics using its own dataset. As a result of the research, the
model and variables that provide the best results for the current task were selected.
The models were compared based on the main indicators: R2, RMSE, MAE, MSE.
Keywords: learning model, dataset, avito.

1 Bgenenue

1.1 AkTyaJIbHOCTH

B coBpemenHOM wMm#pe 0OBEMBI JaHHBIX pPAcTyT B TEOMETPHUYCCKOM
MIPOTPECCHH, U YMEHHE M3BJIEKATh IEHHYI0 MH(OPMAIMIO CTAaHOBHUTCS Bce OoJjice
KPUTUYECKUM JUISI  YCIENTHOTO  (PYyHKIIMOHUpOBaHMs OusHeca. OmHON W3
BOKHEUITUX 3aJ1ad B ATOM KOHTEKCTE SIBJISICTCS aHAIW3 W TIOHMMaHHE (DaKTOPOB,
BIIUSIOIINX Ha IIEHOOOPAa30BaHNE TOBAPOB U YCIIYT.

1.20630p ucciienoBaHuii

E.M. Axcroruna u FO.C. benoB B cBoel cTaTbe pacCMaTPUBAIOT OCHOBHBIC
aApPXUTEKTYPHhI, PUMEHAEMbIC ISl aHAIN3a OOJIBIINX JAHHBIX, UX OCOOCHHOCTH H
OTpaHUYCHHs, a TaK >KE BBIABISAIOTCA TpPeOOBAaHHMS K METOJaM MAIIMHHOTO
0Oy4YeHMsI, BBITIOJHEHNE KOTOPBIX MO3BOJUT MPUMEHATH UX MPU aHAIHU3E OOJIBITUX
naHHbIX [1].
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K.A. HaiinenoBa u O.A. HeB3opoBa paccMaTpHBatOT COBPEMEHHbBIE METOIbI
MAaIIMHHOTO O0y4YeHHsI, TPUMEHsIEMbIE B 3371a4aX 00pabOTKH €CTECTBEHHOTO SI3bIKa

[2].

b.U. TI'enbuep, M.M. 1{uBaHIOK NpEICTABUIN aHAIN3 HAYYHOU JIMTEPATYPbI
0 pe3yJIbTaTaM HUCIOJIb30BaHMS METOI0B MAIIMHHOTO 00yueHus [3].

B.C. Crapoctun Pacecmotpen uudpoByto Tpanchopmaiiuio MapkeTuHra [4].

B.U. JIoHCKON TIpOBEN CPAaBHUTEJBHBIM AHAIN3 PA3JIUYHBIX OINPEACICHUN
o0y4aeMoCTH, PAcCMOTPEHbI  HEOOXOAUMBIE W  JIOCTATOYHBIE  YCIIOBUS
00y4aeMOoCTH, YKa3aHbl rpaHuilsl npuMeHnMocTa VC teopun [5].

1.31lean nccaeq0BaHUA

Llenp wuccrenoBaHUsl SIBISIETCS TPOBEIECHUE MCCICAOBAHUS M aHaIu3a
JAHHBIX O TEJIEBU30paX, a TaKke pa3paboTka U OLeHKa d(PPEKTUBHOCTU MOAEIEH
MAaIIMHHOTO O0y4YeHus AJis JAaHHOT'O JaTacera.

2 Marepuajbl 1 METOAbI

JInsg  peanu3anvy  KMCIOJIB30BAIKMCh cpefbl  paspaboTku  GoogleColabu
Pycharm, a Ttakke OMOIMOTEK M perpecCHOHHBIX Mojenei: LinearRegression,
PolynomialFeatures, DecisionTree, RandomForest, KNeighbors, uXGBOOST.

I[aTaCCT OBLIT CO3aH IIpH IIOMOIOKW IIapCHHIA. Ccrulka Ha AaTaceT.
https://colab.research.google.com/drive/1Vv_C51znj91DoNphclgn TB6UZwWoQTx

Rp.

3 Pe3yabTaThl U 00Cy:KIEHUS
[TpuBenem STarbl HCCIIeIOBAHUS.
3arpyska nansbix (Puc. 1).

# Sarpy3xka OaHHBIX

import pandas as pd

import numpy a5 np

import matplotlib.pyplot as plt

from sklearn.model_selection import train_test_split

from sklearn.linear_model import LinearRegression

from sklearn.metrics import mean_squared_error, mean_absolute_error, r2_score

# Sarpy=ka gadHHex W= $adna televisions.xlsx
df = pd.read_excel("televisions.xlsx"])

# MNMpocMoTP MNepBERIX HeSCKOMBKMXY CTPOK OaHHBIX
print{df.head(})

Mame model price logile diagonal display technologwy A"
=] Sony KDL -4avaaao slalsis] 2.778151 32 LED
a Oxkean LC-4Zk21al 499 2.929368 1c LCD
2 Samsung T27DIOEX (l=lsde] 2.778151 26 LED
= LG 42 L MNSaaW 2206 2 .90229a 22 LCD
< Xiaomi MI Twaz 43 21586 4 .322438 32 OLED

Pucynok 1 —3arpy3ka JaHHBIX


https://colab.research.google.com/drive/1Vv_C5lznj91DoNphclqnTB6UZwoQTxRp
https://colab.research.google.com/drive/1Vv_C5lznj91DoNphclqnTB6UZwoQTxRp
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print(df.describe(})

price logie diagonal number of ports year
count 199 . 686686 199.6066808 199.8008608 190 ., 6068668 199, 806868
mean 11975.846281 3.824468 35.216886 3.683815 2614.919508
std 18349,391832 B.464368 13.696882 1.672235 4,685412
min SBa.6e6eas 2.6980978 12 .868880 2.686866 2080.800880
25% JB0e. besoes 3.477121 26.e80ee8 J.000e80 2010.200080
ek 7860 .086068 3.845898 32 .860880 J.606666 2016.860880
75% 12028.006000 4.879181  42.008600 4.600608 2019.608600
max 135866 .086068 5.267172 1@5.8806868 6£.606866 20627.860860

Pucynok 2 — AHa/IU3 JaHHBIX
3aTeM BBINOJIHAEM Npe100padbOTKy TaHHBIX ISl MOJICIIUPOBAHMS.

# KoawpoeaHue KaTeropwi
df = pd.get dummies(df, columns=['display technology'])

# O0HoBMM X W y LNA 3KCMEPMMEHTA C WCMONL30BAHWEM LeHwl (price)
X price = df[['diagonal’, 'year']]
y_price = df[ 'price’]

Pucynok 3 — IIpenobpadoTka TaHHBIX

Jlanee BBIMOJIHSIEM pa3/ieiCHUE TaHHBIX Ha 00y4YaronIuil U TECTOBBIM HAOOD.
CoznaeM MofieNib TUHEHHOM perpeccun 1 00ydaem ee Ha 00ydaroImux JaHHbBIX.

X train single, X test single, y train, y test = train test split(X single, y, test size=8.2, random state=42)

# Obyuexne Mogenw (ogka ona)
nodel single = LinearRegression()
nodel single.fit(X train single, y train)

* LinearRegression.

LinearRegression( }

Pucynok 4 — O6yuyenue Moaenu

BreimosiasieM  mipeickazaHHWE 1EJIEBOM TEPEMEHHOW C  HCIIOJIb30BaHHEM
00y4eHHOM MO Ha TECTOBOM HabOpe TaHHBIX.
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v _pred single = model single.predict{¥ test single)
mse_single = mean_squared error(y test, y pred single)
mae_single = mean_absolute error(y test, y pred single)
rmse_single = np.sqrt(mse_single)
r2_single = r2_score(y_test, y_pred_single)

print("MSE:", mse single)
print("MAE:", mae single)
print("RMSE:", rmse_single)
print("R2 Score:", r2_single)

M5E: B1739158.97645812
MAE: 789@.4356838751389
EMSE: 9848.971138163512
R2 Score: B8.5965658618545619

Pucynok 5 — BeiBox MeTpuk

CO3,Z[aIII/IM MOACIIb CJIY‘I&fIHOl"O JeCa Iid pCHICHUA 3a1a4M. HMHOpTpreM
COOTBGTCTBYIOIHI/Iﬁ Kiacc. 3arem CO3JacM OK3CMILLIp MOACIN C 3aJdHHBIM
HapaMETPOM,KOTOpBﬁiO6€CH€HHB3€TBOCHpOHBBOHHMDCTBpGSYHBTaTOB.

model rf double = RandomForestRegressor{random_state=42)
model rf double.fit(X traim_double, y train)

v RandomForestRegressor

RandomForestRegressor(random_state=42)

# BoiBog mMeTpuk anAa mogsnd Random Forest (oBe ¢u4wn)
y_pred rf _double = model rf double.predict(X test double)
mse_rf_double = mean_squared_error(y_test, y_pred_ri_double)
mas_rf_double = mean_sabsoclute_error(y_test, y_pred_rf_double)
rmse_rf_double = np.sqrt{mse_rf_double)

r2_rf_double = r2_score{y_test, y_pred_rf_double)

print{"MSE:", mse_rf_double)
print{"MAE:", mae_rf_double)
print{"RMSE:", rmse_rf_double)
print{"R2 Score:", r2_rf_double)

MSE: 2838793.1623775816
MAE: 381.4762586088602
FM5E: 1427.862145535139
R2 Score: B8.93899372548265351

Pucynok 6 — Mopens aepeBa perieHui

Mopens k-Ommkaitmmx coceaeit (KNN) s 3agaum perpeccuun. Kon
BBITIOJTHSICT TpEJCKa3aHue IEIeBOM MEPEeMEHHONW Ha TECTOBOM HaOoOpe JaHHBIX, U
BBIYHCIISTFOTCSI METPUKHU OIICHKH Ka4eCTBa MOJICIIH.
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model knn_single = KNeighborsRegressor()
model knn_single.fit(X train_single, y_train)

v KNEighbcrsRegressor%

KNeighbDﬂ5Regres5DP{}§

y_pred_knn_single = model knn_single.predict({X_test_single)

mse _knn_single = mean_sguared error(y_test, vy _pred knn_single)
mae_knn_single = mean_absolute_ error{y_test, y_pred_knn_single)
rmse_knn_single = np.sgqrti{mse _knn_single)

r2_knn_single = r2_score(y_test, y_pred_knn_single)

print{"M5E:", mse_knn_single)
print{"MAE:", mae_knn_single)
print{"RMSE:", rmse_knn_single}

print("R2 Score:", r2_knn_single)

MSE: 4842338.416999908
MAE: 4282.5694909059999900
RMSE: 2818.556743844875
R2 Score: B8.928884847389708299

Pucynok 7 —Mogenu k-Ommxaiiiux coceneit

O6yuum nocnenHoo Moaenb XGBoost. 3aTemM BBIMOIHIETCSA MpeACcCKa3aHue
LEJIEBOI MEPEMEHHOI Ha TECTOBOM HAOOpE NAHHBIX, U BBIYMCISIIOTCS METPHUKHU
OLICHKHU KayeCcTBa MOJICIIH.

model xghb single = XGBRegressor(random_state=42)
model xgb single.fit(X train_single, y_train)

pXGBRegPe5SGr§

v_pred_xgb single = model xgb single.predict(X_test_single)

mse_xgb_single = mean_sguared_error(y_test, v_pred_xgb_single)
mae_xgb_single = mean_absolute_error{y_test, y_pred_xgb single)
rmse_xgh _single = np.sqrt({mse_xgb single)

r2 xgb single = r2_score(y_test, y_pred_xgb single)

print{"MSE:", mse_xgb single)
print{"MAE:", mae_xgb single)
print{"RMSE:", rmse_xgb single)
print{"R2 Score:", r2_xpgb single)

MSE: 11418234.338347489
MAE: 748.32252998722650
RMSE: 2379.8877956792293

R2 Score: 8.943643723293963

Pucynok 8 —-Monens XGBoost
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JlorapudmupoBaHue 1EHBI

y = np.log2(df[ 'Cena’])
Pucynok 9 — JlorapudmupoBanue 1eHbl

[TocTpoenue Mozeneit ¢ mposiorapuGpMUPOBAHHON 1IEHOU (JIEPEBO)

[ 1 tree = DecisionTreeRegressori{max_depth=5)
tree.fit(Xx_train, y_train}
training_metrics{tree, X _train, y_train)

train metrics

SCore: B8,9214924595349471
RMSE: 2.227111828823498596
MAE: &.1585%833865939788236

Cross vValidation

Mean OV score: 8.26758258867323804
Standart deviation: 9.82982366465898646

Pucynox 10 — nepeBo, nposnorapupmMupoBaHHas 1ieHa

[ 1 forest = RandomForestRegressor{max_depth=5, n_Jjobs=-1}
forest.fit(X_train, y_train.ravel())
training_metrics(forest, X_train, y_train.ravel(})

train metrics

Score: B8.9197287617488179
RMSE: 8.23978387169923935
MAE: 8.1679248388851951

Cross Validation

Mean OV score: 8.2781964244115782
Standart deviation: @.84377897211463712

Pucynoxk 11 —nec, nponorapudmupoBaHHas 1ieHa

[ 1 knn_regressor = KMeighborsRegressor(n_neighbors=s)
knn_regressor,.fit{X_train, y_train)
training_metrics{knn_regressor, X_train, y_train}
train metrics
SCore: @.85838578714835358
RMSE: @.31225862439157226
MAE: 8.24212865922738788

Cross validation

Mean OV score: 8.31826358162918364
standart deviation: ©.83992358174713914

Pucynox 12 — KNN, nponorapupmupoBaHHas neHa
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[ 1 lin_reg = Linearmregression()

Fit(X_train, y_train)
training_metrics{lin_reg, X_train, y_train)

train metrics

Score: B,8754815594795357
RMSE: @.298654188177138396
MAE: @.23773549569876112

Cross Walidation

Mean OV score: @.208279E5262283

g
standart deviation: ©.829178518

23
532

23g9g844

Pucynok 13 — JIunetHas perpeccusi, npoiorapupmMupoBaHHas IieHa
BriBoiuM utoroByto Tadsuiry 1.

Tabnuua 1. CpaBHEHHE TOUHOCTH MPEIYrabIBaHUs PE3yJIbTaTa aHaIU3a MPU
Pa3JIMYHBIX METOIAX MAITMHHOTO O0yUYEHHUS

Meron TouHOCTh MONMYYMBIIMXCS | TOYHOCTH MONYYUBIIAXCA
mogeneit (%) moaenei (%)
OObIyHas 1IeHA Ilena norl0

RandomForest 88% 93%

DecisionTree 84% 88%

KNN 79% 92%

XGBoost 87% 89%

CatBoostRegressor 87% 89%

N3 Tabmuupl BUAHO, YTO RandomForest mokazan HawtydIyio

MIPOU3BOIUTEIILHOCT, C HaWMEHbIIeW omuokoil mnporuoza. OH 3(PGHEeKTUBHO
oOpalaThIBaeT KaTeropuajbHble IEPEMEHHbIE M MOXET aBTOMAaTHYECKU
oOpabatbiBaTh TpomyllneHHble 3HaueHus. Kpome toro, RandomForest oGmamaer
BBICOKOI MPOU3BOJUTENBHOCTHIO U CLIOCOOHOCTHIO 00001IAaTh JaHHBIE.

BoiBoaBI

Takum o0Opa3oMm, Ha OCHOBE MPOBEACHHOTO aHajlv3a M JKCIEPUMEHTOB,
MO’KHO pEKOMEHI0BATh UCITOJIb30BaTh RandomForest ist mporHo3upoBaHus 1EHBI
Ha TeyeBU30pbl. OmHAKO, i JaJbHEHIIEro YJIYYIICHUS MOJEIA BO3MOKHO
noTpeOyeTcs TOMOJHUTEIFHOE UCCIICIOBAaHNE U HACTPOWKA MMapaMeTpOB.
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