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OVERVIEW OF ALGORITHMIC APPROACHES TO FORECASTING IN CRM SYSTEMS

M. Rudenko, S. Sotnik

Kharkiv National University of Radio Electronics

Ukraine, 61166, Kharkiv, 14 Nauky Ave

E-mail: maksym.rudenko@nure.ua, svetlana.sotnik@nure.ua

Annotation: The paper considers mathematical methods that are used in algorithmic approaches to
forecasting in CRM systems. Their effectiveness in personalizing marketing strategies, reducing the
risks of customer churn and optimizing sales is described. Their advantages, disadvantages and areas
of application in CRM systems are determined. The possibilities of using these algorithms to increase
the efficiency of interaction with customers and automate business processes in companies are
mvestigated.

Key words: CRM systems, forecasting, mathematical methods, clustering, decision trees.

OI'VIAJ AJITOPUTMIMHHUX HIAXOAIB 1O ITIPOI'HO3YBAHHA B CRM-CHCTEMAX

M.O. Pynenko, C.B. CoTHHK

XapKiBCHKHUIT HAIlIOHAJBHUI YHIBEPCUTET Pai0eIeKTPOHIKI

Vkpaina, 61166, Xapkis, mp. Hayku 14

E-mail: maksym.rudenko@nure.ua, svetlana.sotnik@nure.ua

AHomayis: YV poOOTI pO3TIITHYTO MaTeMaTHIHI METOJH, SKi 3aCTOCOBYIOTHCS B @Il OPHTMIYHIX
miaxomax mo mporHosyBaHHI B CRM-cucremax. OrmicaHo iXHIO e(eKTHBHICTh y IepCOHai3arlii
MapKeTHHIOBUX CTpaTerifi, 3HIDKCHHI pH3UKIB BIATOKY KIIEHTIB Ta ONTHMI3aIli IPOJaxKiB.
BusHaueHO iXHI HepeBaru, Helodikn Ta cdepn 3actocyBaHHS B CRM-cuctemax. JlocmimkeHo
MOKIHBOCTI BUKOPHUCTAHHS IIUX aJTOPHTMIB JUIS MIIBUIIEHHS eeKTUBHOCTI B3a€MOIi 3 KII€HTaMHI
Ta aBTOMaTH3aIlii 013HEC-TIPOIIEeCIB Y KOMITAHISX.

Kniouosi cnoéa: CRM-cucteMn, IPOTHO3YBaHHS, MaTeMaTHIHI METOIH, KIacTepu3aris, Aepesa
pilIEHB.

RELEVANCE OF THE WORK. In today's business environment, process automation is
becoming a key factor in increasing the efficiency of companies. CRM systems (Customer
Relationship Management) occupy an important place among customer relationship management
tools, allowing businesses to analyze large amounts of data, predict customer behavior, and optimize
sales and marketing processes. One of the most significant areas of CRM development is the use of
mathematical methods to predict future trends, which helps companies make informed decisions.

Forecasting in CRM systems is based on algorithmic approaches that allow you to identify
possible customer behavior scenarios, predict sales, analyze the risks of customer churn, and find
optimal interaction strategies. For this purpose, various mathematical models are used, including
regression analysis, clustering methods, and decision trees. Each of these approaches has its own
characteristics and scope, depending on the tasks to be solved.

Process automation greatly simplifies the use of mathematical models, accelerating data analysis
and increasing the accuracy of forecasts [1-6].

The use of information systems also plays a key role in the implementation of mathematical
models, providing rapid data analysis, improved forecast accuracy, and more efficient decision-
making [7-11].

In order to understand which method is used for which purposes, it is necessary to clearly
understand how they work.
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MATERIALS AND RESEARCH RESULTS. First, let's look at regression analysis. This is a
statistical method used to identify relationships between variables and predict future values based on
available data. In CRM systems, this approach helps to analyze customer behavior, assess the
likelihood of making a purchase or customer churn. This method also helps to identify key factors
that affect the success of customer interaction.

The method works by building a mathematical model that reflects the relationship between
independent variables, such as advertising spend, number of customer interactions, age of the
customer, and a dependent variable, such as purchase probability or expected customer revenue. The
most common and simplest option is linear regression, which looks for a direct relationship between
factors.

Regression analysis can be used in CRM systems to predict customer churn. By analyzing
historical data, such as purchase frequency, average check amount, and level of interaction with
marketing campaigns, the model can identify customers who are at high risk of abandoning the
company's services. This allows you to apply personalized retention strategies in advance, such as
offering discounts or bonuses.

The main advantages of this method are its clarity, which makes it easy to understand the
influence of each factor, and its efficiency when dealing with linear dependencies. At the same time,
regression analysis has its limitations: it does not work well in the case of complex nonlinear
relationships, is sensitive to the presence of iirelevant variables, and can produce inaccurate results if
the input data contains a significant level of error. Nevertheless, regression analysis remains one of
the most popular mathematical forecasting methods. It is widely used in CRM systems to optimize
business processes and increase the efficiency of customer interaction.

Next, let's look at the clustering method. This is a machine learning method used to automatically
group objects in a data set based on their similarity. In CRM systems, this approach allows you to
segment your customer base by identifying groups of customers with similar behaviors, preferences,
or characteristics. This helps companies to apply personalized marketing strategies, optimize
customer interactions, and improve sales performance.

The clustering method works by analyzing a large amount of data and grouping similar objects
(clusters). The k-means clustering algorithm is one of the most popular due to its simplicity and
speed. Its essence lies in the fact that you first set the number of groups (k) into which you want to
divide the data. Then the algorithm randomly selects k points that become the centers of these groups.
Next, each customer or other object is assigned to the group whose center is closest to it according to
certain characteristics, such as the frequency of purchases or the average amount of spending. After
that, the centers of the groups are updated. Their new average value is calculated, and the process is
repeated until the distribution becomes stable. As a result, customers with similar behavioral
characteristics end up in the same group, which helps companies better customize their advertising
strategies.

For example, in a CRM system, clustering can be used to segment customers based on their
purchasing activity. By dividing into groups of regular customers, new customers, customers with a
high average check, and passive users, the company can develop targeted marketing strategies for
each of these groups separately. Regular customers can be offered loyalty programs, and passive
customers can be offered personalized discounts to encourage them to make repeat purchases.

The main advantages of clustering are the ability to automatically detect patterns in large data sets,
flexibility in applying to different tasks, and increased efficiency of marketing strategies.

The disadvantages of this method are that it can be sensitive to the choice of the number of
clusters, and it requires preliminary data normalization for correct operation. Nevertheless, clustering
remains one of the most powerful tools in CRM systems, allowing businesses to better understand
their customers and improve the quality of service.
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Also, one of the most popular forecasting methods is decision trees. Decision trees are an
algorithmic method used for classification and forecasting based on the gradual separation of data
according to certain conditions. In CRM systems, this approach helps to make automated decisions
about customer interaction, analyze the likelihood of customer churn, predict user behavior, and
personalize marketing strategies.

The method works on the principle of building a hierarchical structure consisting of nodes and
branches. Each node represents a certain parameter, such as the frequency of purchases, average
check, or level of interaction, and the branches represent possible variants of the node's values. The
algorithm gradually divides the data into subgroups, creating a logical chain of conditions leading to
the final decision.

For example, in CRM systems, decision trees can be used to analyze customer churn. The model
can identify key factors that influence the likelihood of losing a customer, such as a decrease in the
frequency of purchases or a negative experience with support. If a customer falls into a high-risk
group, the system can automatically offer him or her a special discount or a personalized offer to
retain him or her.

The main advantages of decision trees are their clarity, visualization of decision-making logic, and
ability to work with heterogeneous data. They do not require complex data preparation and can be
effectively used in business intelligence. However, the method also has its drawbacks: it can create
overly complex trees, which leads to model overtraining, and is also sensitive to changes in the
source data. Nevertheless, decision trees are widely used in CRM systems to automate decision-
making processes and improve the effectiveness of business strategy.

We should also mention the random forest method. This method is based on the concept of
decision trees, but eliminates their disadvantages by combining many trees. In this approach, a large
number of decision trees are created, each of which is trained on a random sample of data and uses
only a portion of the available features. When predicting, for example, future sales, each tree
produces a different result. The final decision is formed by averaging.

Another of the most common methods is Bayesian methods. These are approaches to probabilistic
data analysis that allow updating probability estimates based on new data. In CRM systems, these
methods are used to predict customer behavior, assess the risk of customer churn, personalize
marketing campaigns, and automate decision-making.

Let's look at how Bayesian methods work. First, there is an initial assumption about the
probability of an event, but over time, as new information becomes available, this probability is
updated, allowing for more accurate forecasts. In other words, the method gradually refines the
estimate based on new data. For example, if a customer used to actively respond to email newsletters
and now starts ignoring them, the probability of losing them as a regular customer increases.

A practical example of the use of Bayesian methods in CRM systems is determining the
probability of a customer's response to an advertising campaign. If historical data shows that a certain
segment of customers responds more often to discounts on weekends, then when a new promotion is
introduced, the system can predict the likelihood of success and optimize the time of its launch.
These methods can also be used in chatbots to assess the most likely customer requests and provide
appropriate responses.

The main advantages of Bayesian methods are the ability to work efficiently with small data sets,
adaptation of forecasts in real time, and the ability to take into account additional information. At the
same time, the disadvantages are high sensitivity to the quality of the initial data and significant
computational costs when working with large amounts of information. Nevertheless, Bayesian
methods remain a powerful tool for CRM systems, allowing to increase forecasting accuracy and
improve customer interaction.
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CONCLUSIONS. To summarize, forecasting in CRM systems, based on mathematical methods
such as regression analysis, clustering, decision trees, random forests, and Bayesian approaches,
provides companies with powerful tools for making informed decisions. These methods help
personalize marketing strategies, minimize the risk of customer churn, and optimize sales processes.
Thanks to the use of these methods in CRM systems, companies significantly increase the automation
of business processes and the efficiency of customer relationship management. Such systems allow
not only to analyze large amounts of data but also to predict future trends.

This approach is revolutionary because it allows businesses not only to react to changes but also to
anticipate them, which gives them a competitive advantage. Deep analytics and algorithmic
forecasting contribute to a more accurate understanding of customer needs, reduce advertising costs,
and increase customer loyalty. In today's digital transformation environment, such CRM systems are
becoming not just a useful, but an indispensable tool for sustainable business development.

Further research in the field of algorithmic approaches to forecasting in CRM systems will allow
developing more accurate models for predicting customer behavior, improving existing methods, and
creating new integrated solutions. A particularly promising area is the combination of several
methods into hybrid models, which can compensate for the shortcomings of individual approaches.
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