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substantiated and chosen. A testing system has been developed, which allows modeling, debugging,
modernization of the mathematical apparatus, provides full access to each element and the possibility
of complete change and modernization. UML diagrams of usage options, classes, components, and
deployments were built at the system design stage. The software is developed using neural
convolutional networks and using the Python programming language and modules Matplotlib,
numpy, Keras, PIL, OS. The neural network was trained on a set of test photos. Proven effectiveness
of the proposed technology on a real object - test images of car logos. A number of experiments were
performed using different optimizers and the number of filters, which allowed to identify the optimal
settings of the neural network. It was found that the best result is achieved when using the SGD
optimizer, with the number of epochs should be approximately 200. It has been experimentally
established that certain settings allow you to perform recognition of car brands with an accuracy of
80-95%.

Keywords. Neural network, artificial intelligence, convolutional neural network, algorithm,
identification, recognition, photographic image, Python, Keras, software, cars.
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APPLICATION OF DECISION TREE METHOD FOR CLASSIFICATION PROBLEMS IN
DECISION SUPPORT SYSTEMS

In any field of human activity can be traced the significant impact of information technology.
Although people create very complex constructions in various fields that no computer can do, they
lose when they have to solve repeating tasks with the same result. In such tasks the human factor and
the presence of errors are inevitable, which can be avoided by automating the process of solving such
problems and entrusting this work to a computer.

The rapid development of information technology has led to the emergence of decision support
systems (DSS), which greatly facilitate the work of people in many different areas of activity, where
there is a need for decision-making by employees.

Of particular importance is the use of decision-making systems to process people's
applications in various institutions. Such problems are mostly related to classification problems.
There are several methods for solving them, but one of the most well-known is the decision tree
method.

The article is devoted to the analysis of the application of the decision tree method for
classification problems indecision support systems. The article describes the object of research,
systematizes the known approaches to solving the problem, and discusses the advantages of using the
decision tree method in decision support systems in general and, in particular, for processing people's
applications in various institutions.

The use of the decision tree method for solving the problems of classifying applications will
help to significantly improve the quality of customer service of institutions, make the process of
processing applications and waiting for a decision on them more comfortable, and, accordingly, will
improve the quality of life of the population.

Keywords. Data mining, decision tree method, decision support system, classification
problems.
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Formulation of the problem. Along with the rapid development of information technologies,
the pace of their introduction into institutions of various spheres of human activity remains low. Many
tasks that could be performed by a computer are still performed by humans. Because of this, the speed
of customer service in institutions remains low. Therefore, visiting various institutions, especially
where there is a need to submit any applications, is an additional stress for people and is associated
with a number of difficulties. For example, applying for a subsidy or for a loan takes people a lot of
precious time and effort.

In a situation where workers have to perform a significant number of identical tasks in the
shortest possible time, the human factor can play its role. Under such working conditions, people get
tired quickly, their attention and concentration, and therefore work results, deteriorate significantly.
Such features can lead to wrong decisions and various errors. It is also critical that with such work,
the result of the same tasks can be different every time, which is unacceptable when making important
decisions.

The use of decision support systems to automate the processing of such applications is an
urgent task. The introduction of decision support systems for processing customer applications will
significantly reduce the processing time for applications and the time spent in institutions, will help
reduce queues in institutions, which is especially important during the period of quarantine
restrictions. And all this, in turn, will significantly improve the working conditions of employees of
institutions and lead to an improvement in the emotional atmosphere.

Analysis of recent research and publications. Today, active scientific and practical research
is being conducted on the formalization and computerization of decision-making tasks in various
fields of human activity. General approaches to solving such problems are described in particular in
the works of the following authors: Y. Petrunya, P. Bidyuk, L. Korshevnyuk, J. R. Quinlan, J. Rasku,
P. Kuusipalo, H. Joutsijoki, L. G. Kabari, E. O. Nwachukwu, Yan-yan Song, Ying Lu, pang-Ning Tan,
M. Steinbach, A. Karpatne, V. Kumar, T. Mitchell, S. Neelamegam, E. Ramaraj.

In their work J. Rasku, P. Kuusipalo, H. Joutsijoki say, that a common feature of all decision
support systems is the fact that they combine information from several aspects of the problem under
consideration. And they believe that although the system logic may be simple, a person cannot
remember all aspects at the same time to make a decision [1].

In the work [2], the author considered the classification of information signals based on the
optimal structure of the binary wavelet transformation tree. This method ensures the necessary
accuracy and reliability of classification, even if there are noise components in the information
signals.

The authors of the work [3] call ensembles of decision trees one of the most effective
classification tools. In their work, when conducting experiments to compare algorithms for building
ensembles of decision trees, they established that the best option can be achieved using the Extra-
Trees algorithm for building an ensemble of trees. In classification, this algorithm provided the
highest accuracy on seven data sets out of ten.

The aim of the study. The main goal of this work is to study the possibility of using decision
support systems to process various customer applications in various institutions (for example, banks,
social service centers) and to study the application of the decision tree method to solve classification
problems in decision support systems.

The main research material. Deciding on customer applications is time consuming, which
leads to inconveniences and problems for people, such as applying for subsidies or loans.

The object of this research is the decision-making process when considering appeals from
clients of various institutions, using the example of a bank and the issue of issuing loans and the
center of social protection of the population with the issue of assigning benefits or additional
payments.
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Such tasks involve processing a huge amount of data and documents about each client. Often,
such processes are not automated or not automated enough, which is why they employ a large number
of workers. Therefore, the main problem of such tasks is the high labor intensity of this work. It is
not uncommon for several departments and employees to assess, for example, a client's
creditworthiness at the same time.

Today, very often employees of social protection departments fail to meet the statutory
deadlines for calculating subsidies. As a result, people are forced to pay the full cost and then
recalculate, which is an additional burden on both subsidy recipients and employees of social security
departments. This situation is created due to the fact that the employees of the departments do not
have time to process a large amount of information manually [4].

A similar situation is observed in banks in the process of processing loan applications. People
who need money have a long time to wait for their applications to be processed which leads to
additional problems for them.

In general, situations in which it is necessary to make decisions occur with great frequency in
various spheres of life, in various systems, processes and phenomena. Deciding whether or not to
accrue subsidies and loans can be significantly accelerated by automating this process. DSS is used
to help and facilitate the process of making informed decisions and reducing the impact of the human
factor.

In general, a decision support system is a computer-based, automated information system that
helps people make decisions in difficult situations [5].

When using decision support systems for processing customer applications, it is most often
necessary to solve the classification problem.

The classification is called the method of data mining (machine learning) used to predict group
membership for data instances. The classification process involves breaking down many objects into
classes according to certain criteria [6].

Thus, the task of processing applications in a bank or center of social protection is reduced to
the dividing of all applications by groups: to confirm the issuance of money or to refuse. To perform
classification, the set of initial data (data sample) must be divided into two parts: the training set,
which will be used to construct the model, and the test set, which is used for testing the model. These
sets contain input and output (target) values. The output values of the training set are intended for
training the model, the test set - for checking the performance of the model.

Different methods are used to solve the classification problem. S. Neelamegam in his work
names «the main ones:

—Decision Tree,

—K-Nearest Neighbor,

—Support Vector Machines,

—Naive Bayesian Classification,

—Neural Networks» [6].

To solve the scientific problem, the use of decision trees was chosen. The decision tree method
is used in a wide range of human activities, especially in automated decision making. Classification
using decision trees is one of the most common methods used to solve this problem. For the
classification task, the decision tree method consists in the process of dividing the raw data into
groups until homogeneous or nearly homogeneous sets are obtained.

The main area where decision trees are used is the processes of making management decisions,
used in statistics, data analysis and machine learning, which is widely used in the creation of artificial
intelligence, as are neural networks. Decision trees are also used in operations research, particularly
in decision analysis, to help determine the strategy most likely to achieve a goal. It is commonly used
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to solve a classification problem because the tree is easy for the user to understand and make decisions
with a schematic representation of the problem.

When processing applications for a subsidies or loan, the criteria that need to be taken into
account for making decisions are known in advance. For example, does the client have transport, real
estate, does the area of his house exceed a certain value, etc.

A number of questions and possible answers to them can be organized in the form of a decision
tree, which is a tree-like hierarchy consisting of nodes and directed edges [7]. Moreover, since each
question can be answered “Yes” or “No”, branching from each node will only go in two directions.

Tree-like structures consist of rules of the form “If ..., then ...”, which are created in the process
of learning using the training set.

When building and training a decision tree, which will be used to solve a specific problem, it
is necessary to work out the following steps in sequence:

- First of all, it is necessary to choose an attribute that will be used to divide the set into
subsets in a specific node. This attribute is also called the partition attribute.

- After that, at the next stage, you should choose the criterion that will be used to stop the
study.

- If necessary, choose methods that will simplify the decision tree, that is, cut off certain of
its branches.

- When the tree is built, it is necessary to provide an assessment of the accuracy and
correctness of its work.

- Inthe nodes of the tree there are rules, and here it is checked whether this rule corresponds
to the attributes from the training set. As a result of such a check for a binary tree, all examples that
have entered a node are divided into two subsets, one of which contains examples that satisfy the rule,
and the other contains examples that do not. If the tree is not binary, it is possible to divide the
examples into more than two subsets. One independent variable is tested at the nodes of decision
trees. If it can accept categorical values, then for each possible value a new branch will emerge from
the node of the tree. If the variable is a numeric value, then it must be compared with a constant value.
Values of dependent variables (classes) are recorded in the leaves of the tree. After dividing the initial
set into subsets as a result of checking the first rule, the checking rule is again applied to each subset.
This procedure is repeated recursively until some stopping condition of the algorithm is reached.

A tree can have three types of nodes:

— Arroot node that has no incoming edges.

— Internal nodes, each with one incoming edge and two outgoing edges.

— Leaf, each with one incoming edge and no outgoing edges [7].

That is, for the training sample A and a set of classes B, the following three situations are
possible:

1. The set A consists of objects belonging to different classes. In this case, it is necessary
to further divide the set A into subsets.

2. All the objects of the set A contain belong to the same class B. Then the decision tree
for A is a leaf that defines this class;

3. The set A may not contain objects, that is, it may be empty. Then it is a leaf again, and
it is necessary to move on to processing another set.

After all checks have been performed on the last node, the check and split is not performed
because this node is a leaf. The leaf determines the solution for each example that falls into it. Thus,
unlike a node, a leaf does not contain a rule, but a subset of objects that meet all the rules of the branch
that ends with this leaf. Obviously, to get into a leaf, an example must meet all the rules that lie on
the way to that particular leaf. Since the path in the tree to each leaf is unique, each example can fall
into only one leaf, which ensures the unity of the solution.

137



Hayka Ta BUpOGHHUIITBO

2023 p. Bun. 25
Indopmaniiini Texnosnorii

Figure 1 shows a fragment of the decision tree for the task of classifying customer
applications.

Does the client

have debt?

Yes /\ No
Does the client
have real
estate?

/}\

Yes

Figure1 - A fragment of the decision tree for the task of classifying

As can be seen from this figure, the root and internal nodes of the tree contain different
questions. Two edges come out of them: a positive and a negative answer to the question. The leaf
contains the decision that must be applied to this application (accept or reject). Thus, passing through
such a tree from the root to the leaf for processing the application, the necessary criteria will be taken
into account and the decision will be automatically obtained. That is, the tree helps to classify all
applications into two classes. The decision-making process itself is clear, and if necessary, it can be
traced, due to non-compliance with which requirements, a particular client was denied.

The quality of the constructed tree depends on the choice of variable used for initial
partitioning. This variable should divide the set so that the subsets contain objects of the same class,
or objects as close as possible to it.

To build decision trees can be used following popular algorithms: ID3, CART (Classification
and Regression Trees), C4.5, CHAID (Chi-Squared Automatic Interaction Detection) and QUEST
(Quick, Unbiased, Efficient, Statistical Tree) [8, 9].

The decision trees method is the best option for solving classification problems, such as
processing customer applications. It helps us make the best decisions based on the information we
have and our best guesses. It has a number of advantages and characteristic features.

In the literature [8-10] the following advantages of using decision trees are given:

— The use of trees simplifies complex relationships between input and target variables by
separating the input variables into meaningful subgroups.
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— Trees are easy to understand and interpret. If a decision tree does not have many leaves, it
can be understood by non-professional users. In addition, decision trees can be converted into a set
of rules.

— Help to make the best decisions based on the available information.

Decision trees can be used to process nominal input attributes as well as to process numeric

ones.

Decision trees are capable of handling datasets containing errors or missing values.
Trees are robust to outliers.
Decision trees are considered a non-parametric method. Trees have no assumptions about
distribution and the classifier structure.

Besides, trees are able to provide high speed classification even when processing a large
amount of information

Thus, thanks to the introduction of decision support systems based on decision trees in the
mechanisms of processing customer applications of any institution where it is necessary to make
decisions on them, there is an opportunity:

— facilitate and significantly speed up the decision-making process on applications;

— minimize the impact of the human factor and the number of errors that occur in the
decision-making process;

— significantly improve the working conditions of employees of institutions by reducing the
load on them;

— reduce the number of queues in institutions;

— improve the conditions for clients of institutions, by speeding up the submission and
processing of their applications.

When comparing the effectiveness of decision trees and neural networks for
classifying texts in information security tasks, the authors of the paper [11] note that for the task of
classifying texts by quantitative features, decision trees lose in effectiveness to neural networks. But
at the same time, decision trees have a significant advantage in speed, because their construction takes
more than ten times less time than setting up neural networks. In addition, the answer given by
decision trees is easily interpreted as a set of rules for choosing one or another class. Neural networks,
on the other hand, provide only information about the degree to which objects belong to certain
classes.

CONCLUSIONS

Therefore, when there is a need to process a large number of monotonous customer
applications, it is appropriate to use a decision support system. The use of such systems will help to
consider all applications quickly and in time, without creating additional inconvenience.

The processing of applications is reduced to their division into two classes (accept or reject).
This problem belongs to the problem of binary classification. To solve such problems, it is proposed
to use the method of decision trees due to the large number of its advantages. It will allow to make
classification of a large number of applications in a minimum of time. It also provides a visual
interpretation of the results and allows you to find out, according to the non-compliance with which
criteria, a particular decision was made.
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Kortuxosa JI. /1., JleBuubka T. O.

3ACTOCYBAHHS METOJY JIEPEB PIIIEHD JUISL 3AJIAY KJTACH®IKALLI B
CHCTEMAX NUITPUMKH TPUMHATTS PIIIEHD

B 0yov-saxiu eany3i  OisnbHOCMI  MIOOUHU  MOJCHA NPOCMENCUMU  3HAYHUL  GNIUB
iHopmayitinux mexronozitl. Xou 100U i Cmeoprowms 0yice CKIAOHI KOHCMPYKYIi 8 pisHux cghepax,
wo ix He 30ameH 3poOUMU JHCOOEH KOMN'IOMep, 60HU 3HAYHO NpPOpaArOmv NPU BUKOHAHHI
NOBMOPIOBANHUX 3A60AHb 3 OOHAKOBUM Pe3YIbMamoM. Y maxkux 3a60aHHAX HEMUHYYUll JH0OCHKUL
Gaxkmop ma HasA8HICMb NOMUTLOK, Y020 MOJMCHA YHUKHYMU NPU A8MOMAMU3AYIL npoyecy 8UpiuleHHs
nOJIOHUX 3a80aHb Ma 0OpYYeHHI Yiei pobomu Komn 'tomepy.

Llsuoxuii ma cmpimMkuil po36Umox iHGOPMAYiHUX MEXHONO02IU NPU3EI8 00 NOABU CUCTEM
niompumxu nputinamms piwens (CIIIIP), wo 3nauno nonecuiyromes podomy nooeti y 6a2amvox
PiZHOMaHIMHUX cghepax OisnbHOCMI, 0e BUHUKAE NOMPeda 8 NPUUHAMMI pileHb CRIBPOOTMHUKAMU.

Ocobnu6020 3HaueHHss HA0YB8AE BUKOPUCAHHS CUCTEM NPUUHAMMS pilleHb 01 00poOKu
3as6 nooetl 8 pisHux ycmanosax. Taxi 3adaui 30e6inbuio02o 8i0HOCAMbCA 00 3a0ay Kiacugixayii. /s
PO38 A3aHHA MAKUX 3a0a4 ICHYE OeKiibKa Memodis, ane OOHUM 3 HAUGIOOMIUUX € Memod Oepes
PilieHb, Wo Mae pso nepesae.

Cmammsa npucesuena ananizy 3acmocy8anHs Mmemoody oepee piuieHb Ol 3a60aHb
Karacughikayii 8 cucmemax niOMpUMKU npuiHamms piutens. Y yiti cmammi HagedeHo onuc 06'ekma
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00CNI0JCEH S, NPOBEOEHO CUCMEMAMU3ayio 8i0oMux nioxodie 00 GupiulenHs npooremu, ujo
P0O32140a€EmMbCsl, BUOLIEHO MaA NPOAHANI308AHO Nepesazu BUKOPUCIAHHA Memoody O0epes piuleHb )
cucmemax niOMpUMKU NPULHAMMSL PIleHb 8 YIIoMY md, 30Kpema, 0Jis1 00poOKuU 3a58 100ell Y PI3HUX
VCMAHOBAX.

3acmocysanns memoody depes piuieHsb 015 UpiuLeHHs 3a80aHb KI1ACUpikayii 3as16 00nomodce
3HAYHO NOKpAWUMU AKICMb 00CNY208Y8AHHS KIIEHMIE YCMAHO8, 3p0obums npoyec 0popmieHHs.
3a560K MA OYIKYBAHHS PilleHHs w000 HUX OLibd KOM@OPMHUM, A Bi0N0BIOHO, CHpusimume
NIOBUUEHHIO IKOCMI JHCUMMSL HACENeHHS.

Knrwowuoei cnoea. Inmenexmyanvnuii awaniz o0anux, memoo o0epes piuieHb, cucmema
NIOMPUMKU NPULTHAMMSL PiuleHb, 3a0ayad Kiacugikayii.

Kotbixosa JI. /1., JleBunkas T. A.

NPUMEHEHUE METOJA JEPEBBEB PEIIEHUM JIJISI 3ATAY
KJIACCUPUKALIUN B CACTEMAX HOAAEPKKH IPUHSATHSL
PEIIEHUH

B nr0bou obracmu desmenbHOCMU 4el08eKA MONCHO NPOCIeOUMb CYUWECHEEHHOe GUsHUe
unpopmayuorHbix mexnonrocul. Xoms 100U u co30aiom oueHb CIONHCHble KOHCMPYKYUU 8 PA3HbIX
chepax, Komopwvie He cnocobeH coenamv Hu 0OUH KOMRbIOMED, OHU NPOUSPIBAIOM NPU GbINOJIHEHUU
NOBMOPAIOWUXCS 3A0aY C OOUHAKOBLIM pe3yTbmamom. B maxux 3adauax neuzbedcen uenogeueckuii
Gaxkmop u Hanuuue OwUOOK, Ye20 MOJICHO U3bercamv npu asmoMamu3ayuu npoyecca peuleHus
NOO0OHBIX 3a0a4 U NHOPYYeHUU IMOU pAbOmMbl KOMNbIOMEDP).

Bvicmpoe pazeumue uHGOPMAYUOHHBIX MEXHONOSUL NPUBEIO K NOSGLEHUI0 CUCTEM
nooodepoicku npunsmusi pewenuti (CIIIIP), 3nauumenvho obnecuarowux pabomy arooeu 860 MHOSUX
PaziuuHbIX  chepax OessmenbHOCmu, 20e GO3HUKAem NOMPeOHOCMb 6 NPUHAMUU PeuleHull
COMpPYOHUKAMU.

Ocoboe 3HaueHue npuobpemaem UCNONb308AHUE CUCMEM NPUHAMUSL peuleHuti OJis
obpabomku 3as6neHull n0oel 8 pasHvlx yupedcoeHusx. Taxue 3aoauu 6 OOIbUIUHCMBE CBOEM
OmMHOCAMCA K 3a0a4am Kiaccuguxayuu. [[is ux peuileHusi cyujecmeyem HecKOIbKO Memooos, HO
OOHUM U3 CAMBIX U3BECTNHBIX ABNAEMCA MEMOO 0epebesd peueHUl.

Cmambsi noceésawjeHa auaiuzy NPUMeHeHUss Memooa oOepeebes peuleHull Ol 3a0ay
Kaaccupurayuu 8 cucmemax noooepi’cKU NpuHamusi peutenuil. B cmamve npusedeno onucauue
00beKma uccied08aHus, NPosedeHa CUCMeMamu3ayusl U36eCMHbIX NOOX0008 K peuleHuio npooiemst,
PACCMOMPEnbl U NPOAHATUSUPOBAHBL NPEUMYUIeCMBA UCNOIb308AHUS MEMOOAd 0epesbed peuleHUll 8
cucmemax no0OepHCKU NPUHAMUS PeuleHuli 8 Yeaom U, 8 4acmHocmu, 0is 00pabomku 3as61eHull
JII00€U 8 PA3IUYHBIX YUPEHCOCHUSIX.

Ilpumenenue memooa Oepegves peutenull 01 peueHus 3a0a4 KIACCUDUKaAyUuu 3as61eHutl
NOMOdNCEM 3HAYUMENLHO YAYUUUMb KAYeCME0 O0OCIYHCUBAHUSL KIUEHMOS8 YupexCcOeHuUll, coelaem
npoyecc O0GQoOpmMaeHUs 3AA60K U ONCUOAHUS peuleHuss no Hum 6onee KOM@POpMHbIM, a
coomeemcmeenHo, 6ydem cnocob6cmeo8ams NOGbIUEHUIO KAYeCmed HCUZHU HACEIeHUS.

Knwueevie cnoea. HumennekmyanvbHulli aHAIU3 OAHHBIX, MemMOO O0epedbes peuleHul,
cucmema no00epHCKU NPUHAMUSL peuleHuUll, 3a0aya Kiaccugurayuu.
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