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ABSTRACT: To study of the dependence of the offer price of a residential
real estate object in Almaty on a number of factors (apartment area;
number of rooms; material from which the house is built; floor on which
the studied object is located; kitchen area; type of bathroom; presence of a
balcony; distance from the city center; availability of an elevator; condition
of the apartment in terms of the need for repairs; age of the house;
belonging to the primary or secondary real estate market). The obtained
machine learning models can be used to make forecasts of the cost of
residential real estate, which can be reflected in the development of
programs for the socio-economic development of municipalities and the
region as a whole, will be in demand by investors, other counterparties in
the residential real estate market and individuals. when assessing the
acquired social and domestic benefits. The authors see the continuation of
research based on the accumulation of an array of information in
expanding the possibilities of modeling the cost of apartments, depending
not only on the characteristics of apartments, but also on characteristics
that reflect the influence of external factors on the regional market of
residential real estate.

1. INTRODUCTION

- dissatisfaction with the housing conditions of the
majority of the country's population; weak development
or virtually no competition in the primary housing

The relevance of this study is associated with the special
social significance of the real estate market and the high
influence of this market on the components of other
segments of the market economy. It is generally
accepted that the achieved level of market
transformations in the housing and communal sector
and the sphere of real estate turnover as a whole
determines the degree of development of market
mechanisms in the national economy.

Distinctive features of the Kazakhstan residential real
estate market from similar markets in other countries,
where lending systems for real estate transactions are
developed, are:

- excess of supply over effective demand,;

markets; significant disparities in the development of
market mechanisms and economic and legal regulation
of the housing market between individual regions.

The latter circumstance dictates the need for a detailed
study of the patterns of formation and features of the
functioning of regional real estate markets, in which
market mechanisms of interaction between market
entities are most manifested. These are, first of all, the
main strategically important cities: Nur-Sultan, Almaty,
Shymkent.

In the works of foreign scientists, much attention is paid
to the study of price fluctuations in the real estate market
and the reasons that cause them. The main methods of
analysis and forecasting of the situation on the foreign
real estate market are statistical methods, which show
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themselves well in stable economic conditions, since the
real estate market has a fairly large inertia. For countries
experiencing rapid economic growth or crisis, statistical
models cannot be used to obtain adequate results, as
indicated in the works of C. Brooks, S. Tsolacos [1].
Nevertheless, these scientists widely use traditional
modeling and forecasting tools (regression analysis,
parametric models, linear models, various types of
moving averages, etc.). S.J. Maisel, J.B. Burnham [2],
J.S., AM. Polinsky, D.T. Ellwood [3], F. De Leeuw
[10] describe the features of using the concept of
elasticity in the analysis of the real estate market and
draw conclusions about the fundamentally different
nature of elasticity in the short and long term.

JW. Forrester describes the methods of simulation
modeling. Korean scientists develop his ideas D. Cho,
S. Ma [9], S.-J. Hwang, M.-S. Park, H.-S. Lee, Y.-S.
Yoon [10], their work on modeling the national real
estate market is distinguished by deep study and a large
number of factors taken into account. M. Eskinasi
systematized the main results of the analysis of system
dynamics methods in the study of the real estate market.
Consider some of the methods proposed by researchers
to model the cost of apartments.

Sidorenko O.A. in article [12] propose a multilevel
(hierarchical) approach to modeling the cost of
residential real estate at the regional level: the price of a
real estate object is formed simultaneously under the
influence of the characteristics of the object itself
(microlevel - apartment area, balcony, floor) and
characteristics the socio-economic state of the
administrative territorial unit in which it is located
(meso-level - the level of wages, unemployment,
distance to the regional center). The authors of the
article use a small number of factors to assess but
interesting is the introduction to the model of the meso-
level indicators.

The authors of the article use a small number of factors
to assess, but it is interesting to introduce meso-level
indicators into the model. The study was carried out on
the basis of data from Almaty and Almaty oblast. There
are also concepts that imply a greater number of factors,
divided into three hierarchical levels: country (social,
economic, political factors), local (features of the
location of the object, terms of sale, temporary) and
individual visual (architectural and construction and
financial and operational features). Unfortunately, due
to the complexity of determining the listed factors, the
application of this method is limited.

In the works of A.Yu. Mints [11], the use of dynamic
simulation modeling for the analysis and forecasting of
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pricing in the Ukrainian residential real estate market is
considered. The author of the work analyzes the factors
acting in the secondary real estate market, builds models
of causal relationships between

demand, supply and price, as well as between factors
that form the financial capabilities of buyers of the real
estate market. Then, on their basis, dynamic simulation
models of pricing are built and experiments are carried
out confirming that the most significant factor in pricing
in the real estate market is external sources of financing
(bank credit). V.L. Yasnitsky proposes the use of neural
network modeling for the mass appraisal of residential
real estate [21]. He developed a computer program, in
which is based on a neural network trained on the results
of free information resources containing information
about the real estate offer price. After excluding outliers
associated with information uncertainty, the researcher
published the average relative error of neural network
prediction results, which is at the level 1.03%. Using a
neural network model, he estimates the significance of
the input parameters, highlighting the most important of
them, and predicts the market value of residential real
estate in the city of Perm.

To determine the cost of real estate in housing
construction, costly, profitable, comparative approaches
are most often used. Since the interests of various
economic subjects of the national economy are
manifested in the housing sector: business, households,
the state, it is with their consideration that the final cost
of residential real estate is formed. Note that at present,
the real level of wages of the general population does
not allow speaking about the affordability of housing [2,
3, 5]. L.V. Burova, M.V. Panichkin [5-6] check the
adequacy of the application of econometric analysis
methods to assess the cost of real estate in Rostov-on-
Don and build their own cost models. Researchers
convincingly prove that the constructed models are
effective separately for groups by the number of rooms,
reflect the market value of a residential property in
conditions of uncertainty, and come to the conclusion
that the use of econometric analysis methods is justified
for calculating the market value of real estate, if they do
not have significant distortions in a crisis. Thus, a brief
review of the literature over the past 10 years on the
problem under study has shown that researchers use
different methods and models with varying degrees of
success to build models and predict prices in the real
estate market. It should be noted that in the scientific
literature to study the real estate market, either
traditional econometric methods and models - factorial,
statistical, etc., are used, or the synthetic method, in
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which the cost of real estate is considered as an integral
assessment of the cost of various factors [9-11].

2. PROBLEM STATEMENT

Each property is described by a set of characteristics,
the values of which affect its market value. The task is
to use data on various objects, including, on the one
hand, the values of the characteristics of each object,
and on the other, the value of its market price, to propose
a rule with which it is possible to predict the most
probable market price of a new th object according to its
characteristics. Note that we are talking about all the
characteristics that affect its market value, including the
technical parameters of the object itself, characteristics
of its location and factors of the market environment in
which the objects are sold.

The objectives of this work are to analyze the
fundamental possibility of determining the market value
of real estate objects based on Al technologies, to
evaluate the assessment results according to generally
accepted accuracy criteria by different methods
(algorithms) and select the most effective of them, to
study the effect of parameter of the selected algorithm
on the accuracy of the result. The research carried out in
the article is based on the market data of the city of
Almaty. At the same time, the general conclusions
obtained as a result of the experiments can be attributed
to other regions of the Republic of Kazakhstan. To carry
out the experiments within the framework of this article,
we used data from real ads from the category "sale of
secondary housing" from the site krisha.kz using data
parsing.

3. MATERIALS AND METHODS

The purpose of this work is to study the dependence of
the cost of apartments in Almaty on a number of factors
(apartment area; number of rooms; material from which
the house is built; floor on which the object under study
is located; kitchen area; type of bathroom; availability
balcony; remoteness from the city center; availability of
an elevator; condition of the apartment in terms of the
need for renovation; age of the house; belonging to the
primary or secondary real estate market).

The resulting sample was divided into two parts:
training (70%) and test (30%). The training sample was
used to train the models, and the test sample was used
to determine the quality of their prediction. Let us
determine the prices of offers posted on the sites for the
sale of residential real estate as y, and the predicted
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values of the value of residential real estate as §. To
assess the effectiveness of the procedure used, the
following accuracy characteristics (metrics) are
calculated for each result:

1) the coefficient of determination (R2) reflects the
share of the explained variance of the model.

The closer the coefficient of determination is to 1, the
stronger the agreement of the model with the data.

2) the average absolute error (mean ab solute percentage
error - MAPE) shows how many percent the model is
wrong on average.

3) median absolute error (medi an absolute percentage
error - MedAPE) reflects the mean value among all
ordered values of percentage errors.

The specified characteristics were calculated separately
for the sample used for training and for the selected test
sample. We draw attention to the fact that the test
sample did not participate in the training in any way;
therefore, the accuracy characteristics calculated by
comparing the predicted values of the market value and
the actual prices of bids for the same objects reflect the
real accuracy of the prediction. The estimation accuracy
depends to a large extent on the set of features (price-
forming parameters), with the help of which

the object of assessment is identified, therefore, an
important part of the formation of initial data is the
determination of the composition of features for
describing each object.

It should be noted that the completeness of the
description of the object is limited to information about
the objects that are contained in the advertisements for
sale posted on the corresponding resources.

A meaningful analysis of the housing market made it
possible to single out the following essential
characteristics of an object that determine its market
value:

1) numeric variables:

* year of construction;

» number of storeys;

» the total area of the apartment;
* kitchen area;

2) categorical variables:
e district;

* number of rooms;

* wall material,;

* placement floor;

o safety

» territorial zone.
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Note that the specific set of parameters may differ
depending on the site from which the pricing data was
obtained.

Usually, most of the characteristics are contained in
advertisements posted on various sites for the sale and
rent of different types of real estate. However, the
advertisements do not always indicate the important
features of the objects for sale. These signs are most
fully presented on the site krisha.kz. But even on this
site there is significant information about the location
and condition of the apartment not fully presented.

As for the location, within the framework of this study,
it was customary to characterize it by the price zone in
which the object is located. The zoning required for this
can be accomplished by clustering according to various
criteria, for example, using the coordinates of objects.

Another problem that should be addressed at the stage
of data preparation is related to the presence of
numerous “obstacles” in the ads (outliers, false ads with
overpriced and underpriced prices, with inadequate and
contradictory characteristics of the object, etc.). Due
with this, the sample formed from the market data was
properly prepared for the research - outliers, ads with
inadequate data, with very low or very high prices were
removed. When processing numeric characters, values
less than 2 percentile and more than 98 percentile were
discarded. All values of numeric features were reduced
to a single type, for example, to integer or real.
Categorical signs also require standardization - all
letters are reduced to lowercase so that "Brick" walls do
not differ from brick walls ", extra spaces and
punctuation marks are removed, spelling mistakes made
by the seller are corrected. Some characteristics require
more specific transformations, for example, the values
of the attribute “location floor” of a real estate object
were transformed into three types: first floor, middle
and last.
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Figure 1: Validation accuracy

In this paper, we consider 22 factors that describe real
estate in the city of Almaty in Bostandyk district.

3.1. Data preprossesing

One of the most challenging tasks faced by the evaluator
is structuring the information derived from the ad text.
The fact is that the most significant information about
the value of the object of appraisal is in the content of
the ad, which is usually written in an arbitrary form in
accordance with the personal preferences of the author
of the ad (seller, etc.). With proper processing, this
description can be used to form the necessary features
and thus improve the accuracy of model estimation.
During the course of this study, various relevant
features were identified. This made it possible to present
the description of the object in a structured form and to
provide further processing this information. The article
will give only one example of using a detailed text
description to obtain a new feature.

An important characteristic influencing the cost of an
apartment is its condition. For the problem in this
example, the following target classes were defined that
characterize the condition of the apartment:

* without repair;
* typical repair;

* renovation;

* author's project.

The website from which the information for research
was obtained did not have such information, but a
detailed description of the object offered for sale was
offered. To form the training sample, we used the sites
on which the state was indicated in accordance with this
classification. Having such a database, the problem of
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identifying the state of an object based on a text
description can be reduced to the problem of
classification into several classes. The test sample in our
case is a database of ads for residential real estate in
Almaty with a detailed description.

X = data.iloc[:, 2:]
vy = data.iloc[:, 1]
print(X.shape)
print(y.shape)

(3645, 22)
(3845,)

Figure 2: Data size

At the stage of data preprocessing, we cleaned irrelevant
data, and also split the composite values of
characteristics into separate words for convenience and
structuring of information. As you can see from the
Figure 3.

data['price'] = data["price'].str.extract('([@-9]+[,./1*[8-9]1%)"1[8].astype(int)
data['district'] = data['Topoa'].str.split(’, ").str.get(1).str.split("\n').str.get{a}
data.drop{'Topog', axis=1, inplace=True}

data['year'] = data['fom'].str.split(’, ').str.get{-1).str.replace(' r.n.", ''}.astype(int)
data['type'] = data['Jom'].str.split(’, ').str.get(-2)

data.drop('flon', axis=1, inplace=True)

data['3tax'] = data['STax'].fillna('d us 8')

data['resl_floor'] = data['3Tax'].str.split(’ W3 ').str.get(@).astype(int)
data['from_floor'] = data[ '3Tax'].str.split{’ us ').str.get(-1).astype(int)
data.drop{'3tax', axis=1, inplace=True)

data['erea’] = data[ 'Mncyags'].str.split(’ m?').str.get(d).astype(float)
data.drop('Mnogene', axis=1, inplace=True)

data['ceiling'] = data['MoTonku' ].str.extract(’ ([8-91+[,./1*[8-91*)" }[0].Fillna(@).astype(float)

data.drop{'MoTonxk', axis=1, inplace=True)

Figure 3: Fragment of the data preprossesing

Training data size: 2916, and test data: 729 for this
dataset.

3.2. Applying DecisionTreeRegressor algorithm

There are many machine learning methods that in
principle can be used to provide a process for
determining the market value of a property. This section
presents the results of studies of various machine
learning methods, including linear regression, which is
widely used in evaluative practice, classical machine
learning algorithms (random forest, gradient boosting),
and more modern models (xgboost, catboost) ... In
addition, the results of the assessment based on the use
of a neural network are considered. Thus, the following
methods are considered in the work:

* Linear Regression;

* Decision Tree.
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Figure 4: DecisionTreeRegressor plot

Analyzing the correlation matrix, we selected 6 main factors
and applied the above algorithm again.

Left behind the following factors: 'year', ‘from_floor', 'area’,
‘Bathroom ', Residential complex .
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Figure 5: DecisionTreeRegressor plot for six features

In the first case, when 20 factors were used, we received the
following estimates: train accuracy: 0.9999830490792269 an
d test accuracy: 0.8602945585231344.

In the second case, when 6 main factors were used, we recei
ved the following estimates: train accuracy: 0.997798335496
1577 and test accuracy: 0.8801565538608795. So 20.713305
898491083 is exactly the same percentage and the rest is 511
67321553660.29 mse.

As already noted, for an adequate assessment, a sufficiently ¢
omplete description of the object is required. Identification d
egree an asset as an object of valuation is determined by the
completeness of its description using price-generating param
eters. Moreover, an important role is played not only by the p
arameters, but also by the degree of influence of each factor t
aken into account in the assessment of the factor on the mark
et value of the object. Our analysis of the data made it possib
le to determine the significance (weight) of each of the featur
es used in terms of its impact on the value of the object.

Table 1. The significance of features from the point of view o
f its influence on the value of the object
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Features Significance
District 23.73
Built in 16.85

Territorial zone 12.86
Number of storeys 10.52

Total area 8.01

Repair 7.68

Wall material 6.48
Kitchen area 5.78
Number of rooms 5.03

Accommodation floor 3.0

The first computational experiments were carried out
taking into account all factors.

4. CONCLUSION

Within the framework of this article, the problem of
determining the value of residential real estate by its
characteristics was considered. To solve this problem,
machine learning and data mining method was used.
During the research, we collected and the data posted on
the sites for the sale of residential real estate were
analyzed, several machine learning algorithms were
trained, several additional features were formed that
improved the quality of the models, the best method was
chosen, based on which the dependences of quality
metrics on various features were analyzed. The studies
carried out made it possible to obtain the accuracy 0.88
on a test sample using the DecisionTreeRegressor
algorithm with main features.

The research results obtained in the framework of this
work confirm the effective application of machine
learning for solving the problem of determining the
value of residential real estate objects. The developed
algorithms can be implemented in the work of appraisal
companies to improve the quality of appraisal reports.
In addition, the methods used can be applied to
determine the prices of commercial real estate, for mass
estimates of the cadastral value. For future research, to
improve the accuracy of the estimate, you can work in
more detail on the definition of the type of repair, using
the detailed description from the announcements: use a
larger training set and

mark up the data to obtain reliable information. For the
same purpose, you can try to apply a convolutional
neural network, which will determine the type of
apartment renovation based on photographs from the ad.
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