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Abstract. The results of the work are based on the construction of a
mathematical model for determining unknown parameters using multivariate
regression analysis. Structured data are given for the derivation and elimination
of significant factors and coefficients. Also, machine learning simple
regression models are used for modelling. The results have been evaluated and
shown for comparative purposes.
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skokok

AHHoTauusi. Pe3ynbraTel pa®OTBl OCHOBaHBl Ha MOCTPOCHUU
MaTEMaTUYECKONM MOJENH [UIsl ONPEJENIEHHUS HEU3BECTHBIX IapaMeTpPOB C
HCIIOJIb30BaHNUEM MHOTOMEPHOTO PErpECCHOHHOTO aHasu3a.
CTpyKTypHpOBaHHbBIE IaHHbIE MPHUBEICHBI JJIsl BBIBEACHUS M HCKIIOYEHUS
3HAUUMBIX (pakTopoB © Kod(dumentoB. Takke i1 MOJICITUPOBAHUS
UCTIOJIB3YIOTCSl TPOCTHIE PETPECCHOHHBIE MOJENHM MAIIMHHOTO OOYyYEeHHS.
Pe3ynbTathl ObUIH OLIEHEHBI U NTOKA3aHbI 17151 CPABHUTEIBHBIX LIEJICH.

KiroueBble  cjI0Ba:  MHOTOMEPHBII  pPErpeCCHOHHBIN  aHAIM3,
MOJIeJIMPOBaHUE, MAITMHHOE 00y4eHHE.

kosk sk

Angatna. JKYMBICTBIH HOTIKENEpl KOMOJIIEeMAl PEerpecCHUsUIIBIK
Tangayael  KOJAaHy apKbUIbl Oenrici3  mapameTpiepiH  aHbIKTay — YIIiH
MaTEeMATHKAIBIK MOJENBIIH KYPBUIBICBIHA  HETi3AeNnreH. KypbUIBIMIBIK
JIepeKTep MaHbI3Abl  (dakTopiaapMeH KOIPOUIMEHTTEpl KoepceTy VIIiH
oepineni. Conpaii-ak MOJeNbAey YIIH KapamaibIM perpecCUsuIbIK YATiiepai
MAaIIMHAJBIK OKBITY MOJENbIEpl KOJJaHbLIaAbl. HoTikenep caiblCThIpMalbl
MaKcaTTap YIliH OarajJaHbIl KOpCEeTiIi.

Tyiiin ce3xep: Kem eNmEeMIi PErPeCcCHsIIBIK Taljay, MOJIEIbACY,
MAaIIHHAJBIK OKBITY.
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The considered structural data are taken from Kazakhstani sources and
not all parameters have beenfully described. During analysis process [3],
implicit data were identified and replaced with average values.

customs

names year volume fuel_type transmission body drive mileage wheel color (41, B price
nepeaxui cepedpucTLIi
0 Toyota Camry 2018 25 BeHauH aBTOMAaT CeaaEH npoa 10 cnesa T Anmats! Oa 13800000
1 e L Eg 2014 55 BeHauH SETOMAT  BHENOPOKHNK NaN 103000 cnesa YepHeId  ANMaTel Oa 68000000
nepeaxui .
2 Toyota Corolla 2013 186 DeHauH aBTOMAT cegaH npMBOn 39258.0 cnesa cCepuii METANMWK  AnMaTsl Os 5409999
Mercedes-Benz E raz- 330HUA & .
3 0 1993 22 Seuan aBTOMAT cegaH npABon NaN crnesa cepeit metannue  LeimkeHT Oa 1850000
4 Mitsubishi Outlander 2013 24 GeHawd aETOMAT  KDOCCOEED Tﬁﬁ 60000.0 cnesa cepwiii  AxToe na 6100000
Table 1.1

The first five rows of dataframehas beenshown in Table 1.1.

Rangelndex: 4997 entries, @ to 4996
Data columns (total 13 columns):

names 4997
year 4997
volume 4995
fuel_type 4995
transmission 4997
body 4997
drive 4485
mileage 3276
wheel 4952
color 4596
city 4997
customs clearance 4997
price 4997

non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null
non-null

object
int64
floatbd
object
object
object
object
floatbd
object
object
object
object
int64

dtypes: floatf4(2), int64(2), object(9)

Table 1.2

General information about dataframecontent (Table 1.2) is quite clear
and enough to model and analyze.
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Table 1.3
Mean prices of cars after 2016 has been looked overwhelming (Table

1.3), but it has been up to individual production models of cars as ‘Rolls
Royce’ or so on. Those data has not been counted as outliers.
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Table 1.4
The minimum point of amount was 1 and it has been grown in certain

models of cars which are popular and high sold in Kazakhstan (Table 1.4 and
Table 1.5).
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Table 1.5

The total number of unique city is 137 and there were a lot of
unimportant suburbs and villages. Table 1.6 has shown the important places in
general which amount is more than 30.

Amount of car per city(more than 30)
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Table 1.6

Table 1.3 and Table 1.4 have fully described the unbalance of data [7].
In the next step we have cut the data by triangle method.

Modelling

In modelling process prediction has been resolved in price column. In
this case multiple learning algorithms methods, so called ensemble learning
methods, have been used. The main principle to use ensembles was to have
more flexibility in the function they can represent [1]. This flexibility could
enable them to over-fit the training data more than a single model would, but
the purpose of modelling is to show that in practice, some ensemble techniques
tend to reduce problems related to over-fitting of the training data [5].
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Random forest
The random forest prediction is the unweighted average over the
collection:

K
h) = (1KY h6,)
where x-observed covariate vector of length p, as k approaches to infinity the
Law of Large Numbers ensures

Eyy(Y=h(X))* > E, ,(Y-E,h(X;0))’

where the quantity on the right is the generalization error for the random forest
[2].

Adaboost

AdaBoost (Freund &Schapire, 1997; Schapire& Singer, 1999) is based
on the exponential loss

K
Z exp(—y,f,(x,))
k=1
where this equation has upper-bounded
K
2y £, (x,) <07]
k=1

The natural goal is to try to match the sign of function f to y, that is, to
attempt to minimize it [6].

Solution

Data has been preprocessed to model and has given these correlation
results:

Kendall rank correlation coefficient(Close to 1 is better): 0.7174682188508716
Spearmans rank corr coefficient(Close to 1 is better): ©.8813390018550825

Usually coefficients must be more than 0.90 to make better prediction
from model. It has shown that some parameters was not correlated good.
Random forest

randomf_cv.best_score_ #Result is not good

©.7082047522846117

55



CAY xabapwwicer. 2019/3 (50). SDU bulletin

y_pred2 = randomf_cv.best_estimator_.predict(X_test)

print(np.sqrt(mean_squared_error(randomf_cv.best_estimator_.predict(X_train), y_train)))
print(np.sqrt(mean_squared_error(y_pred2, y test)))

1670808.857660936
3018682.8392637796

Adaboost
As model prediction in [4], a weak prediction model for boosting
Decision Tree Regression model has been taken.
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Table 3.1. Max depth is 1

7000000

6000000

5000000

4000000

3000000

1

=]
=
(=]

400 600 800 1000
Table 3.2. Max depth is 2
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Table 3.3. Max depth is 3

Last results of Adaboost:

print('MAE test with GSV: ', mean_absolute error(y pred test best, y test))
print('MAE train with GSV: ', mean_absolute_error(y_pred_train_best, y train))

MAE test with GSV: 2743987.1198835857
MAE train with GSV: 2829078.748196364

Conclusion

By the method of reducing the number of outliers and taking the data
balanced (outlier detection method) correlation coefficients has shown the
better result as usual, but it has affected to the result of first model
predictions.Adaboost model has given the better results as random forest, but
also we can use another weak models as a base.
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