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HEHUSM B O0OIIECTBEHHBIX TpaHCPOPMAITUIX, B TIEPEXO-
JlaX OT OJHHUX CIIOCOOOB TIPOU3BOCTBA K IPYTHUM.

N3yueHne X035iCTBEHHBIX YCIOBUN B OpraHuye-
CKOW CBSA3U MHTEPECAMHU JIIOJIEH, UTO YK€ B UCXOJHOU
MPEANOChUIKE MPEeAnoaaraeT UCCaeJ0BaTEeIbCKYIO JIU-
HUIO, B KOTOPOM MOCTOSTHHO MPUCYTCTBYET B3aUMOCH-
CTBHE BceX c(hep JKU3HU YeIOBEKa, MPOU3BOJICTBEHHO-
9KOHOMHUYECKHX, MOJUTUIECKUX, COLIMATBHO-KYIIbTYP-
HBIX IIPOLIECCOB.

OKOHOMHKA TPEACTaBIsIET CO00i HayKy o0 00-
LIMX 3aKOHAX PALMOHAIBLHOIO YEJI0BEUYECKOIO MOBEAE-
HUS 110 CPAaBHEHUIO C ECTECTBEHHBIMU HayKaMu, U3y4a-
IOIIAMU JBIDKEHHE MaTepPHH. DTOT XapaKTep SIKOHOMU-
geckux 3akoHOB JIk.C. Mumib OOBACHSANT HX
CBOJMMOCTBIO K «3JIEMEHTApHBIM 3aKOHAM 4YeJloBeue-
ckoro yma» [4, 293], unaue ropopsi, HUIMIUEM HEKOTO-
po¥i 0o0mIel MPUPOABI YEOBEKa, JBUKHMON B CBOEM
Pa3BUTHUU UHTEPECaMHU.

[IpuHIMNMATBEHO 3HAYUMBIM MPHU3HAKOM MPOTH-
BOpeYHii B OOIIECTBEHHOW JKU3HHU BHICTYIIAET CTOIKHO-
BEHUE MHTEPECOB. VIMEHHO OHM HaXOISTCS B OCHOBE
MEPEX0J0B OT OTHUX CIOCOOOB MPOU3BOJCTBA K JIPY-
TUM, TIpHOOpeTast HOBbIe (OpMBI BRIpakeHHs. Hampu-
Mep, Haubolee XapaKTepHOI 4epToil COBPEeMEHHOCTH
BBICTYIAIOT MPOTUBOPEUHNS MEKIY HALIMOHAIBHBIMHU U
r7100aIbHBIMU HHTEPECaMH, KOTOPBIC B TOXKE BpeMs HE
AQHTarOHUCTHYHBI B TOW Mepe KakK KJIACCOBBIE WU TO-
JIMTUYECKHUE.

BaxneiimymM MOMEHTOM XapaKTEpUCTUKU HHTE-
PECOB KaK DJIEMEHTAPHBIX YacTHI[ B OOIIECTBEHHBIX
mporeccax JOJKHAa OBITh WX CBOJMMOCTH, TO €CTh
o0ecrieyeHrEe pa3BUTHI, OPUCHTUPOBAHHOTO HA pealiu-
3allMI0 COBMAJAOIMUX HHTepecoB. CoBMajeHue UHTE-
PECOB HE TOJBKO B WHAMBUAYAIBHBIX, HO U KOpIOpa-
TUBHBIX, MEXKCTPAHOBBIX MAacCIITa0ax co3qaéT Mmpeno-
CBUIKM CTaOWJIILHOTO ¥ TapMOHHYHOTO COIMAJIbHO-
SKOHOMHYECKOTO pa3BuTHi. [lodToMy ompeneneHue
HMHTEPECOB JIFOJICH KaK AIeMEHTapHBIX YacTHII B 001IIe-
CTBCHHBIX IIPOIECCaX MCXOMUT W3 MX BO3MOXKHOCTEH
MOHATH "1enoe". B crity 3TOro OHHU B MOJTHOHM Mepe Mo-
TYT ONPEACIATHCS KaK dJIEMEHTAapHbIC YaCTHIBI HE
TOJILKO B 9KOHOMHUYECKHX, HO U B OOIIECTBCHHBIX TIPO-
eccax.
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Companies strive to draw valuable conclusions from large amounts of data. These conclusions help improve

decision-making, predict future trends, and gain a comparative advantage for that company. Mentioned processes
can be provided using the data mining methods. Through data analysis, data mining indicates the connections
between the data and provides valuable information. Numerous data mining tools are present on the market, some

of them being free and others having to be purchased.

This paper analyzes three open-source data mining software products: Knime, RapidMiner, and H20. It aims
to contribute to a more straightforward decision-making process when choosing the data mining tool that meets

the company's needs for quality analysis.
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Introduction

Responding to changes promptly is one of the
critical actions that can provide a company with a
competitive advantage in today's market, which is
undergoing constant development and change. Having
accurate and suitable data is as essential as the quality
of the interpretation of the data. With changes in the
market, data represents a significant resource for
making quality decisions. The increasing amount of
data collected by companies further aggravates the
decision-making process. One of the challenges in the
field of information technologies is reducing the time
required for decision-making, that is, reducing the

uncertainty of achieving results. One of the techniques
that arose in response to these challenges is data
mining.

Data mining is a systematic and iterative data
analysis process that enables better business decision-
making. It can be defined as an automatic search for
"hidden" information in databases [10]. "Hidden" refers
to the connection of data. Based on those connections,
a trend is observed, and a behavioral model is created.

According to [6], "data mining" is searching large
amounts of data to discover patterns beyond simple
analysis. It uses sophisticated mathematical algorithms
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to segment the data to predict the probability of future
events based on events that happened in the past.

Therefore, by applying this technique, behavioral
matrices are created and used to predict future behavior,
understand what is relevant for the company, and use it
to achieve positive results. Data mining aims to
transform large amounts of data into valuable
information for companies.

The analogy with mining is quite apparent. In
search of the precious ore hidden in the mountain,
digging deep and throwing out large amounts of soil
and stone is necessary. But once a vein is encountered,
it must be followed along its entire length [3].

Data mining is based on three disciplines:
statistics, machine learning, and artificial intelligence.
These three disciplines define "data mining" as a
process that studies and interprets data using algorithms
that learn from the data and predict future behavior
using software and statistical methods [11].

The data mining technique can be applied in
various processes, such as production, banking,
telecommunications, insurance, education, etc.
Concrete examples of processes where data mining can
help companies better understand data, per [2] and [9],
are: acquisition of new and retention of existing
customers; service improvement by analyzing data
related to customer behavior regarding service, price,
and distribution; risk management; improvement of
relations with clients by predicting future behavior;
examination of the best way of selling; and creation of
customer profiles and segmentation.

This paper examines three open-source data
mining tools that, according to Gartner, tend to become
leaders in the field of data mining: Knime, RapidMiner,
and H20. These tools have been rated as visionaries for
two years (2020 and 2021), indicating that they
understand how the market is evolving and could be a
good choice for leaders. It aims to study the
characteristics of these tools to discover the most
valuable tool for decision-making needs in different
domains. In addition, the complexity of the learning-to-
use process is also observed, as it can be significant
factor in the choice. An analysis of the tools themselves
and the application of these tools will contribute to
understanding and identifying the best solution for a
specific application domain.

Comparative analysis of Knime, RapidMiner
and H20 tools

Considering the complex situation in the market,
where it is increasingly challenging to respond to users’
needs and stand out from the competition, extracting
information from data is an important assignment.
Information is a significant resource that a company

can use to maintain or improve its position. To provide
a quality response to these challenges, the company
must not only respond to the dynamic environment but
also do so in the shortest time possible. Due to the large
amounts of data that companies can collect, the need
for quick and accurate solutions has outstripped the
possibility of manual data analysis. That's why a
company needs to find the right software that will
enable it to quickly conclude on what decisions will be
made. Aside from gathering the necessary data, the
company may be required to test the software product
and thus determine whether the observed product is the
right solution.

When making decisions about which software
product best suits the company's needs, the features and
functionalities of the product must be examined in
detail, as well as the installation possibilities,
customizations, costs, and ease of use and learning.
Also, it is necessary to determine whether there are
certain use restrictions. Based on the information
gathered and detailed analysis, the company can see the
possibility of implementing the product and its
usefulness in different aspects and thus make a timely
and quality decision.

Knime, RapidMiner, and H20O are software
products that many companies have already
implemented, and Gartner rated them as possible
leaders in data mining tools. The mentioned products
are open-source tools allowing the developer
community to use, upgrade, and share the software
code freely. In this way, anyone who has programming
knowledge and interest can contribute to building open-
source software. However, although the code is
publicly available, use and modification are protected
by a software license that complies with the definition
of open source given by the Open Source Initiative
[12]. Open source products have numerous advantages,
some of which are [14]: the code is free and available
for connection and integration with other products; the
possibility of adapting the product to its environment;
no hidden costs; by adopting an open source product,
the company does not depend directly on the
manufacturer; and the possibility to upgrade the
product at any time.

Technology and operating system

Figure 1 shows the essential technical
characteristics of observed open-source software
products for data mining (Knime, RapidMiner, and
H20). If some product does not provide versions for
specific operating system that the company uses, it is
clear that this product cannot be a suitable solution for
the company.

Figure 1
Versions of observed products for different operating systems
Product / Operating system Knime RapidMiner H20
Windows yes yes yes
Mac OS yes yes yes
Linux yes yes yes
Technology Java Java Java
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It can be noted that for each product, there is a
version corresponding to Windows, MAC, and Linux
operating systems. Also, all three products are based on
Java technology. It implies that companies that opt for
these products should have employees who possess
knowledge in the domain of Java.

Software installation

As for the installation of these products, the
process itself is pretty simple. The prerequisite for
Knime and RapidMiner installation is registration.
Furthermore, during product startup, RapidMiner
requires login to the created account. Installation of the
H20 product does not require any registration or login.

Implementation and maintenance costs

When choosing the right product, the cost of using
it is an important factor. Low prices characterize open-
source software products, and there are opportunities to
use the software for free. When it comes to costs, they

can include the cost of acquisition, implementation,
maintenance, and product customization.

When it comes to open-source Knime,
RapidMiner, and H20 products, all three offer the
possibility of free use. Knime and RapidMiner also
offer solutions with more functionalities intended
mostly for larger companies. These solutions require
payment.

Knime offers one version of the product, the
Knime Analytics Platform, which is free for usage.
Also, Knime offers an additional product, Knime
Server, which is a supplement to the free version of the
product for companies that need to share information
between teams, better control of adherence to the data
protection policy, automatic flow planning, etc. [4].
Knime offers three versions of the Knime Server
platform: Knime Server Small, Knime Server Medium,
and Knime Server Large.

Figure 2
Characteristics of Knime Server solutions [4]
Funcionalities Knime Small | Knime Medium | Knime Large
For small For middle size For large
Purpose
teams teams teams
Collaboration
Share workflows and control access rights yes yes yes
Upload and share components to enable users to reuse
R yes yes yes
most common functionalities
Customize the node repository to ease use and ensure es
compliance Y
Automation
Schedule a workflow or report to be executed at a certain
. L yes yes yes
time, or periodically
Use Workflow Pinning for automated routing of es
workflows Y
Deployment
Create and deploy Guided Analytics yes yes yes
Deploy workflows via the REST API to allow access es es
from other applications y y
Number of consumers with access to analytical No free Limited Unlimited
applications customers customers customers
Management
Create workflow snapshots and compare to previous
. yes yes yes
versions
Monitor server activity (running and scheduled jobs),
: L ) ; yes yes yes
adjust permissions, manage ongoing services
Access detailed summaries of workflows for data lineage yes yes
Integrate authentication with corporate Active Directory
. - yes
setups, and Single Sign-On
Pricing
Yearly | 14500 euros | 25.000 euros | 45.500 euros

RapidMiner offers three versions of the product:
RapidMiner Studio Free, RapidMiner Studio
Educational, and RapidMiner Studio Enterprise.
RapidMiner Studio Free is free but has a limit on the
amount of data it can analyze. Namely, this version of
the software supports a maximum of 10,000 rows of
data. So, if the company needs to analyze more than
10,000 rows of data, then this version of the software is
not a good choice. Companies can also use the
Educational version, which is also free. This version is
limited in time, it is free for the first year. It offers every

functionality, so the company can opt for this version
for the first year. For companies whose databases
exceed 10,000 rows, RapidMiner offers an Enterprise
version with free product usage during the first month.
The cost of using this product is not publicly available;
it is calculated based on the user's needs. The user can
send an inquiry through the RapidMiner website.

As for the H20 product, this company does not
highlight the cost of using the product. Online, it can be
found that this expense can cost the company up to
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$300,000 for a three-year subscription or $850,000 for
a five-year subscription.

Customer support and ease of use

When choosing software, documentation, the
possibility to contact vendors, blogs, and other sites
where product users can find support are significant
factors. In the first place, customer support allows users
to understand the product faster and better via tutorials
explaining the purpose and functionality. Also, various
types of customer support can help users learn more
quickly how to use the product and thus affect the
simplicity of their use.

Knime offers a large selection of support
documents. There is a separate section on the site
intended for users who are familiar with the product.
This section contains instructions regarding user
education, explains the purpose of the Knime software,
and gives an example of how to use the product. There
is also documentation that describes the Knime
product's interface and functionalities, as well as
workflow components and their functionality. A blog
containing various materials on the application of the
Knime product, the certification program, and other
data mining or analytics topics is also available to users.
Knime offers installation support; documentation on
the site covers the complete installation process. In
addition to installation, guides can be found that
explain best practices in usage, component, file
management, integrations, etc. In addition to detailed
documentation, Knime also has a forum that allows
users to post specific questions and receive answers
related to the process of using the software and any
eventual difficulty they encounter.

RapidMiner, like Knime, provides user support in
the form of documentation. Instructions regarding

installation can be found on the official site, as well as
initial steps, connection of RapidMiner Studio with
other applications, etc. It also provides guidance on
interfaces, nodes, components, building flows, using
functions, and visualization of results. Another form of
support for users of the RapidMiner product are
tutorials available during the first product startup.
Through the tutorials, users can go through various
cases of model-making, from simpler to more complex,
and become acquainted with the features of
RapidMiner. RapidMiner also has its community which
provides support to RapidMiner users.

H20 provides customer support through
documentation available on the official website for
installation and basic use. In addition to the
documentation, it also contains an option in the
framework platform for help; that is, it offers more
detailed explanations of functionality.

In terms of ease of use of the product, Knime and
RapidMiner provide different forms of support that
have an impact on the easier mastering and learning
how to use the products. Apart from that, the user
interface affects the ease of use. With Knime and
RapidMiner, the user interface is entirely graphical,
which allows users to use the product without
programming knowledge. With the H20 product, the
interface also requires text input for commands.
Therefore, if the company wants to opt for H20, it
should keep in mind that this product's users must have
basic programming knowledge.

Funcionalities

Figure 3 shows the products described in this work
and available data mining methods. It can be noted that
H20 does not support the application of decision tree
method or the application of association rules.

Figure 3
Data mining methods available across observed products
Data mining method Type Knime RapidMiner H20
Neural nets predictive yes yes yes
Naive Bayes predictive yes yes yes
Decision tree predictive yes yes no
Support vector machine predictive yes yes yes
Association rules descriptive yes yes no
Clustering descriptive yes yes yes

Churn prediction in a telecomunications
company using RapidMiner

In telecommunications, data mining can help a
company with several aspects [2]: acquisition of new
users, during development (i.e., increasing the value for
the user), and retention of existing users.

Various methodologies can be used to define the
goal of the analysis, the phases in the process, data,
tools, and expected results. In practice, methodologies
usually contain four to eleven stages [1]. Regardless of
the number of stages, the steps in these methodologies
tend to be the same. Each methodology assumes that it
is crucial to understand the problem, prepare the data,
and then start building the model. Following
construction, the model should be checked and
validated, and any deviations should be corrected. After
the model is checked, the same is applied to the data to
obtain valuable information for decision-making.

Finally, it is necessary to interpret, present, and monitor
the results.

In this paper, the analysis will be done according
to the data mining methodology proposed by Zorica
Bogdanovi¢ [7]. An open-source product, RapidMiner,
will be used for this analysis because of its
functionalities. The data used in the analysis is real data
collected by a telecommunications company in Serbia.

Problem definition

As Peter Drucker said [16]: "The business of all
businesses is to win and keep customers." It means that
companies have a task to acquire and retain users,
despite the increasingly complex market situation and
demanding users. A satisfied user is a concept that gets
more attention in theory and practice because every
unsatisfied user will look for another solution.

The analysis should examine how specific
parameters influenced users' decisions to terminate the
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contract and predict the decisions of users who are still
part of the company. Target variable is churn indicator
that shows whether the user remains part of the
company or has switched to the competition.

Research and data preparation

The data is recorded in an SAP product by the
telecommunications company whose data is being
analyzed. In this company, every contact with the user
(interaction) is recorded, whether the user calls the
contact center or visits the sales location, as well as
interactions when the company contacts the customer.
Based on the interactions, data is collected about the
nature of the contact (e.g., information, complaint,
technical support), the frequency of communication
(e.g., whether the user calls every day or once per
month), the length of the conversation, the time of
establishing contact (e.g., the user mostly calls in the
morning), the method of establishing a connection
(e.g., the user mainly establishes contact in person or
upon arrival at the sales location), etc.

One of the parameters that can be of great
importance for this analysis is the net promoter score
(NPS). NPS is a metric the observed company uses to
assess to what extent its users are satisfied with the
company. NPS gives users the ability to rate a company
from 0 to 10, answering the following question: "On a
scale of 0 to 10, how likely are you to recommend the
company to your friends and family?" It is an important
indicator because only highly satisfied customers
confident in the company will recommend the company
to their friends.

The following parameters will be taken into
account: a place of service used; the number of
interactions categorized as complaints; NPS indicator
as an indicator of satisfaction; regularity of bill
payment; a package of services used by the user; the
total number of interactions (contacts with the
company). Users from Belgrade, Novi Sad,
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Kragujevac, Krusevac, Ni§, Valjevo, Cacak, and Uzice
who became users in the second quarter of 2022 are
included in the data.

Model building

The decision tree method was used in this example
to predict the results. The choice of method depends on
the nature of the problem, so it cannot be determined in
advance which method is the best choice for the
problem. This decision is usually made by the person
who is familiar with advantages and disadvantages of
the method, e.g., a data mining expert.

Data mining methods can be divided into two
groups [5]: predictive, which aims to confirm the
hypothesis, and descriptive, which is oriented towards
discovering patterns and looking for trends, but without
prior knowledge of the target variable.

Descriptive methods include clustering and
association rules. In clustering, variables are placed
into categories based on their attributes' similarity,
making this technique reminiscent of classification.
The difference is that clusters are not known in
advance. Association rules involve discovering trends
and connections between two or more variables. The
association rules method is often used to identify
crucial parameters in the observed process and their
mutual relations [13].

Decision tree is a predictive method, along Naive
Bayes, neural nets and support vector machine (SVM).
These methods include training and test data. Based on
training data, rules are observed. Those rules are further
used on data whose outcomes are unknown (test data)
to draw conclusions [8]. Another predictive technique
that aims to analyze functional or stochastic
interdependence between parameters is regression [15].

Picture 1 shows a built-in model for predicting
user departure in the RapidMiner product. As this paper
explains, the model consists of components
representing functionalities.
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Picture 1 Churn prediction model

Since churn prediction is a classification problem,
the task of the model is to predict, in relation to the
previously explained parameters, whether the user is a
member of the class that "remains” a part of the
company or "goes" to the competition.

Analysis results
The result of the analysis is presented as a tree
[Picture 2], since the decision tree technique was used.
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Picture 2 Analysis results

The results show that in the observed sample, the
number of reported complaints is the parameter that
significantly influences the user's decision to remain a
user. Also, the results show that users with more than
four complaints, regardless of other parameters,
decided to switch to the competition. For the company,
it may mean that the focus in the process of retaining
users should be precisely the quality of the
infrastructure and the quality of the signal, to reduce the
number of complaints.

For users with fewer than four complaints, it can
be noted that the decision depends on the total number
of interactions. For users who have at least one
interaction recorded and are also paying their bills
regularly, it can be concluded that they will decide to
stay. However, if they are not paying regularly and have
more than one reported complaint, they will choose to
terminate the contract. It also indicates that the number
of complaints is decisive in the user's decision. If there
is no interaction from the user, the NPS parameter may
be necessary. According to the findings, detractors who
use the Light package of services and do not pay their
bills regularly are more likely to switch to the
competition.

Therefore, based on the analysis results, it can be
concluded that the company needs to devote attention
to users who have registered complaints, as well as to
users who do not pay bills regularly. According to this
analysis, the company can define different activities
(within the company and towards the users) that will
influence the users' decision to stay a competition.

Conclusion

Constant changes in the environment require
continuous development and further complicate the
decision-making process for companies. Companies
must use all their resources to maintain and improve
their position in the market. One of the most important
resources today is information. It is of great importance
that the information based on which decisions are made
be accurate and timely. Data mining is a tool that allows
businesses to make quality decisions based on the data
they collect.

Since data mining methods are widely used in
various industries (banking, finance, marketing, sales,
healthcare, production, education, telecommunications,
etc.), numerous companies have tools that help them
understand the environment.

Knime, RapidMiner, and H20 represent products
that, according to Gartner, tend to become leaders in the
field of data mining. Through the comparative analysis
of these products, it was observed that all three are
available on Windows, Linux, and MAC operating
systems and are based on Java technology.

The difference is observed in the functionalities.
Knime and RapidMiner have an advantage since they
support a more significant number of methods that can
be used in the analysis. From a customer support point
of view, these two products provide numerous
documents publicly available to users through the
website, blog, and forum. In addition to documentation,
they provide tutorials for beginners. Based on this, it
can be concluded that Knime and RapidMiner are also
suitable for users who do not have a lot of knowledge
about data mining and methods, but also for users
dealing with more complex problems due to their
functionalities.

H20 is a suitable solution for users dealing with
less complex or specific problems who prefer coding
and have appropriate knowledge.

All three products offer free versions, with the free
version of RapidMiner being limited either by time or
amount of data; therefore, for users who need to
analyze more than 10,000 rows of data, RapidMiner
Studio is not the best solution. These users can opt for
Knime.

In further work, it is possible to examine in more
detail additional products offered by these vendors, for
example, Knime Server and RapidMiner Enterprise,
and include them in the analysis. Also, the focus of this
paper was an analysis of open-source data mining
products; however, there are also proprietary products
with numerous advantages; therefore, the work could
be extended by analyzing proprietary products and by
comparing proprietary and open-source products.
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