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ANALYSIS OF FUZZY LOGIC METHODS
FOR FORECASTING CUSTOMER CHURN

The object of research is the process of predicting the churn of customers of telecommunications companies
based on fuzzy logic and neural networks. The research carried out is based on the application of an approach
that is implemented through the combined use of fuzzy logic and neural networks. The main assumption of the
study is the hypothesis that the use of a fuzzy neural network formed on the basis of fuzzy logic algorithms can
improve the accuracy of predicting customer churn relative to available solutions. This result can’t be achieved
neglecting the existing resource constraints and requirements, which must be determined separately for each case
of research. The relevance of the problem of forecasting customer churn for companies with a large number of
users is considered. A model for predicting customer churn is proposed based on the combined use of fuzzy logic
and neural networks. The main feature of this approach is that a test sample of normalized data is used at the
basis of fuzzy neural networks, which are processed to form the parameters of membership functions that corre-
spond to the inference system, that is, conclusions are made on the basis of a fuzzy logic apparatus. Also, to find
the parameters of the membership function, neural network algorithms are used. Such systems can use previously
known information, learn, gain new knowledge, predict time series, perform image classification, and besides, they
are quite visual to the user. The application of methods of fuzzy logic is considered, they make it possible to obtain
a result in the form of a fuzzy inference. The expediency of choosing these methods is explained by the fact that
they were previously used in fuzzy automatic control systems and showed sufficiently high quality results. The
expediency and prospects of using the proposed approach in the problem of predicting the outflow of customers
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of telecommunications companies are shown, and the results of software implementation are presented.
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1. Introduction

Today one of the most urgent tasks for companies working
with a large number of users is to retain existing and attract
new customers. Despite the serious interest of analysts and
scientists in the problem of retaining consumers of services,
one source does not provide ready-made mathematical algo-
rithms and software solutions that can fully solve this specific
problem for a specific service in a specific region. Most of
the economic problems have to be solved under conditions
of uncertainty of the initial information [1]. Thus, to solve
the problem of predicting customer churn in order to re-
tain existing users, it is advisable to analyze the methods of
fuzzy logic, with the possibility of their combined use with
neural networks. So, the object of research is the process of
predicting the churn of customers of telecommunications
companies based on fuzzy logic and neural networks. The
aim of research is to study existing methods of fuzzy logic,
as well as improve the forecast of customer churn through
the use of a fuzzy neural network.

2. Methods of research

The research is based on the application of the ap-
proaches described in [2, 3]. The main assumption of the
study is the hypothesis that the use of a fuzzy neural network
formed on the basis of fuzzy logic algorithms can improve
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the prediction of customer churn relative to available so-
lutions. For this task, an important aspect is to take into
account the features of the initial information. Based on
its reliability, the initial information can be divided into
deterministic, reliable and fuzzy. The concept of fuzziness
is largely due to subjectivity and rough ideas about any
indicator of the system. Unlike probabilistic, fuzzy values
are characterized not by a distribution law based on objec-
tive statistics, but by a membership function. It shows the
degree of belonging of the considered variable from complete
non-belonging (0) to complete belonging (1) to the physical
nature of phenomena [4, 5].

Usually the least «accurate» information is clear enough,
but in most cases it remains the only one that can char-
acterize many processes in a particular industry.

Either time series or regression models can be used
to predict factors. In addition, there are many other ap-
proaches to predicting customer churn. However, despite
the variety of existing forecasting methods, accurate model-
ing is difficult due to the non-linear relationship between
churn and the factors on which it depends.

Let’s consider an approach built using fuzzy logic al-
gorithms and neural networks. The main feature of this
approach is that a test sample of normalized data is used
at the basis of fuzzy neural networks, which are processed
to formulate the parameters of membership functions that
correspond to the inference system, that is, conclusions are
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made based on the apparatus of fuzzy logic. Also, to search
for the parameters of membership functions, neural network
algorithms are used that perform the function of their training.
Such systems can use previously known information, learn,
gain new knowledge, predict time series, and perform image
classification. In addition, they are quite visual for the user.

For a numerical assessment of predicting customer churn,
algorithms were analyzed that provide for retrospective cal-
culations taking into account the transition parameters. The
possibility of practical implementation of the presented algo-
rithms can be limited only by the lack of initial information
and the complexity of the software implementation.

Based on the study of the behavior of the test sample
for a specified period (quarter), a forecast is made about
the prospect of customer churn. The input parameters are
given interval, that is, each of the parameters was given
the minimum and maximum values (confidence interval).
When developing a fuzzy neural network, the main task
of which is to predict customer churn, the application
of the Mamdani and Sugeno algorithms was considered,
which makes it possible to obtain a result in the form
of fuzzy inference.

Mamdani algorithm found application in the first fuzzy
automatic control systems, which was proposed in 1975 for
controlling a steam engine [6]. The algorithm is formed in the
subject area in the form of fuzzy predicate rules of the form:

Im 1: IFxe A 1, THEN z e B 1,
IT 2. 1F xe A 2, THEN z e B 2,

II n: IFxeAn THEN z e B n,

where x — input variable (identifier for known data values);
z — output variable (an identifier for the data value to
be calculated); A i and B i — fuzzy sets defined on X
and Z, respectively, using the membership function and
the output variable.

The algorithm is used mainly in problems of fuzzy
modeling, where it can significantly reduce the amount
of computation [7].

Sugeno algorithm looks like this:

Formation of the rule base of fuzzy inference systems.
The rule base uses only fuzzy production rules in the form:

RULE <1>: IF (x ¢ A1 I y e B_1), THEN,
z_ 1=f(x_1,...x_n),

RULE <2>: IF (x ¢ A 2 I y € B_2), THEN,
z 2=f(x_1,..,x_n),
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where x, y — input variables; A i, B i —
numerical values of input parameters;
z 1=f(x_1,..x_n) — arbitrary crisp function.

The steps of the algorithm can be de-
scribed as follows:

1. Fuzzifications of input variables defining
statements are carried out similarly to the
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3. The activation of the conclusions of the rules of
fuzzy production is carried out in two stages. At the first
stage, the degree of truth from the conclusions (consequent)
of fuzzy production rules, which assign real numbers to
the output variable, are found similarly to the Mamdani
algorithm, as the algebraic product of the weight coeffi-
cient and the degree of truth of the antecedent of a given
fuzzy production rule. At the second stage, in contrast
to the Mamdani algorithm, for each of the production
rules, instead of constructing the membership functions
of conclusions in an explicit form, a clear value of the
output variable w=¢ late 2b is found. Thus, each i-th
production rule is assigned a point (c_i, w_i), where ¢ i —
degree of the production rule truth, w i) — clear value
of the output variable defined in the consequent of the
production rule.

4. The accumulation of the conclusions of the rules of
fuzzy production is not carried out, since at the stage of
activation, already obtained discrete sets of clear values
for each of the output linguistic variables.

5. Defuzzification is carried out as in the Tsukamoto
algorithm [9, 10].

3. Research resulis and discussion

On the basis of testing the networks created using
these algorithms, a fuzzy neural network was selected,
in which the Sugeno algorithm is implemented. The
number of training cycles for the created fuzzy neural
network was 1000 epochs. The created network has four
inputs, two inputs for each of the input parameters (the
minimum and maximum values for each input parameter,
respectively). Two membership functions were chosen
for each input variable. Each of these membership func-
tions is trapezoidal.

For the output parameter, the type of the member-
ship function was supplied as a constant. The network
was trained on open source churn data from a telecom-
munications company. Then it was tested on a sample
of data that were not used in the training sample. Fig.
1 shows a graph of the predicted values of customer
churn based on the created software implementation,
as well as the actual values of transitions. Fig. 2 shows
the error in predicting customer churn generated by a
fuzzy neural network. As a result, the behavior of the
network is quite adequate, the average forecast error
is 2.9%.

Forecast

Mamdani algorithm [8]. 200 | - - —Actual

2. Aggregation of the premise of the rules
of fuzzy production is carried out similarly 190
to the Mamdani algorithm using the classi-
cal fuzzy logical operation «AND» of two 180
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A,B:T(AnB)=min{T(A); T(B)}. Fig. 1. Actual and forecast churn values
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Fig. 2. Error predicting customer churn

The results of the analysis of fuzzy logic methods for
predicting customer churn show the feasibility and pros-
pects of applying the chosen approach. Therefore, when
improving information technology for analyzing customer
churn, it is promising to use integrated methods of fuzzy
logic and neural networks using the Sugeno algorithm,
which can improve the accuracy of predicting the churn
of customers of a telecommunications company.

4. Conclusions

The combined use of fuzzy logic and neural networks
in the process of predicting the churn of customers of
telecommunications companies is proposed. A feature of this
combined application is that a test sample of normalized
data is used at the heart of fuzzy neural networks, which
are processed to form the parameters of the membership
function that best correspond to the inference system.
Also, to search for the parameters of the membership func-
tion, neural network algorithms are used that perform
the function of their training. A model for predicting the
churn of customers of a telecommunications company is
investigated, which differs from the known ones by the
use of the Sugeno algorithm in the development of a fuzzy
neural network, which provided a 5.1 % increase in the
accuracy of predicting the churn of customers of a tele-
communications company.

The research results show the feasibility and prospects
of applying the selected approach in terms of improving
information technology for predicting the churn of cus-
tomers of a telecommunications company. The results are

planned to be used in further research in
order to improve the accuracy and speed
of forecasting customer churn.
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