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Abstract. This is an introductory text to a collection of selected papers from the 
Second Student Workshop on Computer Science & Software Engineering 
(CS&SE@SW 2019), which was held in Kryvyi Rih, Ukraine, on the November 
29, 2019. It consists of short summaries of selected papers and some observations 
about the event and its future. 

Keywords: computer science, software engineering, student workshop. 

1 CS&SE@SW 2019 at a glance 

Student Workshop on Computer Science & Software Engineering (CS&SE@SW) is a 
peer-reviewed international Computer Science workshop focusing on research 
advances, applications of information technologies. 

CS&SE@SW topics of interest since 2018 [5]: 

─ Computer Science (CS): 
 Theoretical computer science 

○ Data structures and algorithms 
○ Theory of computation 
○ Information and coding theory 
○ Programming language theory 
○ Formal methods 

 Computer systems 
○ Computer architecture and computer engineering 
○ Computer performance analysis 
○ Concurrent, parallel and distributed systems 
○ Computer networks 
○ Formal methods 
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○ Databases 
 Computer applications 

○ Computer graphics and visualization 
○ Human-computer interaction 
○ Scientific computing 
○ Artificial intelligence 

─ Software Engineering (SE): 
 Software requirements 
 Software design 
 Software construction 
 Software testing 
 Software maintenance 
 Software configuration management 
 Software engineering management 
 Software development process 
 Software engineering models and methods 
 Software quality 
 Software engineering professional practice 
 Software engineering economics 
 Computing foundations 
 Mathematical foundations 
 Engineering foundations 

This volume represents the proceedings of the 2nd Student Workshop on Computer 
Science & Software Engineering (CS&SE@SW 2019), held in Kryvyi Rih, Ukraine, 
on November 29, 2019. It comprises 2 invited talks, 5 CS-related and 10-SE related 
contributed papers that were carefully peer-reviewed and selected from 30 submissions. 
Each submission was reviewed by at least 2, and on the average 2.7, program committee 
members. The accepted papers present the state-of-the-art overview of successful cases 
and provides guidelines for future research. 

The volume is structured in three parts, each presenting the contributions for a 
particular workshop track. 

2 Invited talks 

Professor Nadiia Kozachenko (Fig. 1) is chair of Department of Philosophy at Kryvyi 
Rih State Pedagogical University. She got PhD in logic from the Institute of Philosophy 
of the NAS of Ukraine in 2010. The main directions of Dr. Kozachenko’ research is 
logic and philosophy of information society. 

In her talk (Fig. 2) Dr. Kozachenko trying to combine two main traditions of belief 
revision: the so-called AGM-approach and Dynamic Doxatic Logic (DDL) approach 
[9]. She consider doxastic actions as modal operators partly like DDL-style and 
compare their features with AGM postulates. Then construct axiomatical systems for 
the operator of the expansion and the operator of the contraction. Within the system 
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based on this interpretation, we can express and prove the corresponding postulates of 
expansion and contraction AGM. It demonstrates that these modal operators correspond 
to the functions of expansion and contraction described in AGM, about that the 
representational theorem has been formulated. 

 
Fig. 1. Dr. Nadiia Kozachenko 

 
Fig. 2. Presentation of paper [9] 
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Professor Andrii Striuk (Fig. 3) is chair of Department of Modelling and Software 
Engineering at Kryvyi Rih National University. He got PhD in educational technology 
from the Institute of Information Technologies and Learning Tools of the NAES of 
Ukraine in 2012. The main directions of Dr. Striuk’ research is computer simulaton and 
software engineering education. 

 
Fig. 3. Dr. Andrii Striuk 
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Serhiy Semerikov (Fig. 4) is professor of Department of Computer Science and Applied 
Mathematics at Kryvyi Rih State Pedagogical University. He got both PhD and DSc in 
education (informatics) from the National Pedagogical Dragomanov University in 2001 
and 2009, respectively. The main directions of Dr. Semerikov’ research is methods of 
learning and educational technology. 

 
Fig. 4. Dr. Serhiy Semerikov 

In a joint talk, Andrii Striuk and Serhiy Semerikov presented a retrospective analysis 
of the first model of training software engineers developed in the early 1970s (Fig. 5) 
and its compliance with the current state of software engineering development as a field 
of knowledge and a new the standard of higher education in Ukraine, specialty 121 
“Software Engineering” [15]. It is determined that the consistency and scalability 
inherent in the historically first training program are largely consistent with the ideas 
of evolutionary software design. An analysis of its content also provided an opportunity 
to identify the links between the training for software engineers and training for 
computer science, computer engineering, cybersecurity, information systems and 
technologies. It has been established that the fundamental core of software engineers’ 
training should ensure that students achieve such leading learning outcomes: to know 
and put into practice the fundamental concepts, paradigms and basic principles of the 
functioning of language, instrumental and computational tools for software 
engineering; know and apply the appropriate mathematical concepts, domain methods, 
system and object-oriented analysis and mathematical modeling for software 
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development; put into practice the software tools for domain analysis, design, testing, 
visualization, measurement and documentation of software. It is shown that the 
formation of the relevant competencies of future software engineers must be carried out 
in the training of all disciplines of professional and practical training. 

 
Fig. 5. Presentation of paper [15] 

3 Computer Science 

Oksana Klochko and Vasyl Fedorets present an empirical comparison of machine 
learning clustering methods in the study of Internet addiction among students majoring 
in Computer Sciences (Fig. 6). The article [6] describes the technology of empirical 
comparison of methods of clustering problem solving using WEKA free software for 
machine learning. Empirical comparison of data clustering methods was based on the 
results of a survey conducted among students majoring in Computer Sciences and 
dedicated to detecting signs of Internet addiction as behavioural disorder that occurs 
due to Internet misuse. Empirical comparison of Expectation Maximization, Farthest 
First and K-Means clustering algorithms together with the application of the WEKA 
machine learning system had the following results. It described the peculiarities of 
application of these methods in feature clustering. The authors developed data 
instances’ clustering models to detect signs of Internet addiction among students 
majoring in Computer Sciences. The study concludes that these methods may be 
applicable to development of models detecting respondent groups with signs of Internet 
addiction related disorders. 
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Fig. 6. Presentation of paper [6] 

Kateryna Ovchar, Andrii Borodin, Ivan Burlachenko and Yaroslav Krainyk in the paper 
[11] present an alternative approach to automatic recognition and sorting of the 
agricultural objects (Fig. 7). The objects are sorted, based on their color. The sorting 
algorithm works with pictures, captured by a web camera, pre-processes them, 
determines the mass centers of the recognized objects, and calculates distances to the 
points which were found. Afterward, the recognized objects are sorted by a hand-
manipulator with four degrees of freedom. The manipulator is powered by Arduino 
Uno Rev 3 and servo motors of two types. The sorting algorithm has been implemented 
in Python, with the use of the OpenCV library. For image pre-processing, the spatial 
anti-aliasing, filtering, and morphological opening and closing have been used. Color 
maps have been created to determine the mass centers of the recognized objects. To 
calculate the rotation angle of the manipulator’s elbow based on the shoulder position, 
linear regression model is trained. The practical value of the research and development 
results is the possibility of their use in the harvesting of the agricultural objects with 
further extend to manufacture with conveyor sorting tapes. 

The article [14] of Vladimir N. Soloviev, Symon P. Yevtushenko and Viktor V. 
Batareyev demonstrates the comparative possibility of constructing indicators of 
critical and crash phenomena in the volatile market of cryptocurrency and developed 
stock market (Fig. 8). Then, combining the empirical cross-correlation matrix with the 
Random Matrix Theory, authors mainly examine the statistical properties of cross-
correlation coefficients, the evolution of the distribution of eigenvalues and 
corresponding eigenvectors in both markets using the daily returns of price time series. 
The result has indicated that the largest eigenvalue reflects a collective effect of the 
whole market, and is very sensitive to the crash phenomena. It has been shown that 
introduced the largest eigenvalue of the matrix of correlations can act like indicators-
predictors of falls in both markets. 
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Fig. 7. Presentation of paper [11] 

 
Fig. 8. Presentation of paper [14] 

Andrii O. Tarasenko, Yuriy V. Yakimov and Vladimir N. Soloviev in paper [16] shows 
the theoretical basis for the creation of convolutional neural networks for image 
classification and their application in practice (Fig. 9). To achieve the goal, the main 
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types of neural networks were considered, starting from the structure of a simple neuron 
to the convolutional multilayer network necessary for the solution of this problem. It 
shows the stages of the structure of training data, the training cycle of the network, as 
well as calculations of errors in recognition at the stage of training and verification. At 
the end of the work the results of network training, calculation of recognition error and 
training accuracy are presented. 

 
Fig. 9. Presentation of paper [16] 

Svitlana O. Yaroshchuk, Nonna N. Shapovalova, Andrii M. Striuk, Olena H. 
Rybalchenko, Iryna O. Dotsenko and Svitlana V. Bilashenko in [18] present the model 
for scoring assessment of microfinance institution borrowers, which allows to increase 
the efficiency of work in the field of credit (Fig. 10). The result of the work is a neural 
network scoring model with high accuracy of calculations, an implemented system of 
automatic customer lending. 

4 Software Engineering 

The article of Andrii O. Priadko, Kateryna P. Osadcha, Vladyslav S. Kruhlyk and 
Volodymyr A. Rakovych [12] escribes the process of developing a chatbot to provide 
students with information about schedules using the Telegram mobile messenger 
(Fig. 11). During the research, the following tasks have been performed: the analysis 
of notification systems for their use in the educational process, identification of 
problems of notifying students about the schedule (dynamic environment, traditional 
presentation of information, lack of round-the-clock access), substantiation of the 
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choice of mobile technologies and Telegram messenger, determination of the 
requirements to the software, generalization of the chatbot functioning features, 
description of the structure, functionality of the program to get information about the 
schedule using a chatbot. The following tasks have been programmatically 
implemented: obtaining data from several pages of a spreadsheet (faculty / institute, red 
/ green week, group number, day of the week, period number, discipline name, 
information about the teacher); presentation of data in a convenient form for the 
messenger (XML); implementation of the mechanism of convenient presentation of 
data in the messenger (chatbot). Using Python and the Telegram API, the software has 
been designed to increase students; immediacy in getting the information about the 
schedules, minimizing the time spent, and optimizing of planning of student activities 
and higher education institution functioning. 

 
Fig. 10. Presentation of paper [18] 

 

 
Fig. 11. Presentation of paper [12] 
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Galina Kirichek, Vladyslav Harkusha, Artur Timenko and Nataliia Kulykovska [4] 
present the realization method of attacks and anomalies detection with the use of 
training of ordinary and attacking packages, respectively (Fig. 12). The method that 
was used to teach an attack on is a combination of an uncontrollable and controlled 
neural network. In an uncontrolled network, attacks are classified in smaller categories, 
taking into account their features and using the self-organized map. To manage clusters, 
a neural network based on back-propagation method used. Authors use PyBrain as the 
main framework for designing, developing and learning perceptron data. This 
framework has a sufficient number of solutions and algorithms for training, designing 
and testing various types of neural networks. Software architecture is presented using 
a procedural-object approach. Because there is no need to save intermediate result of 
the program (after learning entire perceptron is stored in the file), all the progress of 
learning is stored in the normal files on hard disk. 

 
Fig. 12. Presentation of paper [4] 

In the paper [3], Ruslan Cherniavskyi, Yaroslav Krainyk and Anzhela Boiko (Fig. 13) 
establish an investigation on the development of university 3D-model and its possible 
applications for educational and research fields. Authors assume that 3D-model of 
university can help in various scenarios and should be used to adopt modern immersing 
technologies into to university processes. Different means are employed for the 
development of the model. Bottom-up approach for using these means and their 
connection with each other are shown in the work. Then, details of the 3D-model design 
process are provided with peculiarities related to the university building location and 
corpuses positions. Finally, assembled models of university are shown in 3ds Max and 
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Unity environments. In the final part of the paper, authors suggest scenarios of model 
usage for educational and research fields. Universities can gain various benefits from 
integrating their research efforts to employ new technology and identify new 
development opportunities for both science and education in university. In case of the 
developed 3D-model, it is planned to use it in the projects connected with client-server 
applications, Internet-of-Things, Smart Grid, etc. In the educational process it will be a 
part of case-studies for learning 3D-modeling, development in Unity environment, 
training for emergency situations. 

 
Fig. 13. Presentation of paper [3] 

The article of Nadiia Balyk, Vasyl Oleksiuk and Anatolii Halas [2] explores the issues 
of designing and developing a support system for corporate network users (Fig. 14). 
The authors analyzed existing user support systems, including the concepts of 
ServiceDesk and HelpDesk. The study describes the process of designing and 
developing the software “Network user support tool” (NetSupport). This tool stores 
data in the Google Calendar Cloud Service. The results of the study are: analysis of the 
functioning of the Google Calendar service, review of the API for working with Google 
cloud services, development and testing of software to support the work of users. 
Functionality of Network user support tool allows you to create events on your system 
administrator or support teams` calendar with a detailed description of the user 
problem. The article describes the process of developing a network support tool using 
C# 6.0 programming language and .NET 4.6 technologies. The developed software has 
been tested in Ternopil Volodymyr Hnatiuk National Pedagogical University. 

In this study [13] Oleg Pursky, Anna Selivanova, Tetiana Dubovyk and Tamara 
Herasymchuk present the software development method for e-trade business process 
management information system (Fig. 15). As a software platform for implementation 
of the e-trading business process management system has been selected MSSQL 
database and software component implemented with the use of ASP.NET MVC 
Framework. The developed Web-application includes the following functional blocks: 
user authentication module; administration module; block implementing the functions 
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of domain mathematical model and information processing procedures; database 
intended to store initial data, trading activity indicators and calculation results, as well 
as the content of the Web-application interface components; logistics module; server 
end, which implements the procedures for the database access, the formation of the 
view modes of the models and functions of the domain mathematical model; interface 
that provides an interactive user access to the Web-application features. The connection 
between the Web-application and the database is performed on the basis of the GET 
http-protocol method and is provided by generating database queries and query results. 
The developed e-trade business process management information system has a three-
level software and hardware structure and is designed to manage the processes of 
interaction between the online store and on-line consumers. 

 
Fig. 14. Presentation of paper [2] 

In the article [8] of Olha V. Korotun, Tetiana A. Vakaliuk and Viacheslav A. Oleshko 
the database was designed and implemented in accordance with the requirements of the 
relational model, which ensures the storage and collective access to the information of 
the auto-filling system and CMS WordPress data (Fig. 16). Algorithms of system 
functioning were developed, the order of interaction of classes during program code 
execution was determined, as a result of which the application was implemented. 
Template Method architectural pattern was chosen to implement the web-based 
automatic content filling system. The following tools and technologies were selected to 
create the software package HTML markup language for HTML documents; 
programming language PHP; MySQL database management environment; Apache web 
server; the OpenServer package. The algorithms of the basic processes of content filling 
automation were considered and the interaction of the system classes during the 
processes of parsing, filtering and storing of information were analyzed. The developed 
system does not require specialized hardware, additional settings and deployment tools 
other than the standard ones for such plugins. This application is mostly for the site 
administrator and does not have user interface. That is why the features of the plugin 
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automation system configuration interface; RSS feeds view and management interface, 
as well as the RSS feed configuration interface are described in detail. In the future, 
this system can be improved by introducing new functionality and improving the 
algorithm for reading data. 

 
Fig. 15. Presentation of paper [13] 

 
Fig. 16. Presentation of paper [8] 

The article [1] of Nadiia Balyk, Svitlana Leshchuk and Dariia Yatsenyak is devoted to 
designing a smart home educational model (Fig. 17). The authors analyzed the literature 
in the field of the Internet of Things and identified the basic requirements for the 
training model. It contains the following levels: command, communication, 
management. The authors identify the main subsystems of the training model: 
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communication, signaling, control of lighting, temperature, filling of the garbage 
container, monitoring of sensor data. The proposed smart home educational model 
takes into account the economic indicators of resource utilization, which gives the 
opportunity to save on payment for their consumption. The hardware components for 
the implementation of the Mini Smart House were selected in the article. It uses a 
variety of technologies to conveniently manage it and use renewable energy to power 
it. The model was produced independently by students involved in the STEM project. 
Research includes sketching, making construction parts, sensor assembly and Arduino 
boards, programming in the Arduino IDE environment, testing the functioning of the 
system. Research includes sketching, making some parts, assembly sensor and Arduino 
boards, programming in the Arduino IDE environment, testing the functioning of the 
system. Approbation Mini Smart House researches were conducted within activity the 
STEM-center of Physics and Mathematics Faculty of Ternopil Volodymyr Hnatiuk 
National Pedagogical University, in particular during the educational process and 
during numerous trainings and seminars for pupils and teachers of computer science. 

 
Fig. 17. Presentation of paper [1] 

The article of Alla Kompaniets, Hanna Chemerys and Iryna Krasheninnik [7] is devoted 
to the theoretical consideration of the problem and the use of innovative technologies 
in the educational process in the educational establishment of secondary education in 
the process of studying the school course of computer science (Fig. 18). The main 
advantages of using educational simulators in the educational process are considered, 
based on the new state standard of basic and complete general secondary education. 
Based on the analysis of scientific and methodological literature and network sources, 
the features of the development of simulators for educational purposes are described. 
Innovative tools for simulator development have been investigated, as augmented 
reality with the use of three-dimensional simulation. The peculiarities of using a 
simulator with augmented reality when studying the topic of algorithmization in the 
course of studying a school computer science are considered. The article also describes 
the implementation of augmented reality simulator for the formation of algorithmic 
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thinking skills by students, presents the results of development and describes the 
functionality of the software product. In the further prospects of the study, it is planned 
to conduct an experimental study to determine the effectiveness of the use of software 
development in the learning process. 

 
Fig. 18. Presentation of paper [7] 

The article of Bohdan Oliinyk and Vasyl Oleksiuk [10] considers the problem of test 
automation software (Fig. 19). The authors analyze testing tasks that can be automated. 
They also cite cases where the use of automation is inappropriate. The key factors of 
using automation are time and cost savings. According to the authors, the advantages 
of automated tests are: the ability to check the latest changes in the application 
(regression testing), speed of execution, saving the time of testers, the ability to create 
self-tests by developers. The disadvantages of automatic tests are: insufficient 
reliability, need for support, fewer errors detected, a false sense of product quality. The 
following processes are identified, which can be automated: background processes, file 
logging, database entry, registration and payment systems, load tests, data entry 
operations, long-end-to-end scripts, checking complex mathematical calculations, 
checking correct search. The article provides statistics on the use of programming 
languages for developing automated tests. A comparative analysis of ready-made 
software products for automated testing is offered. Based on research analysis and 
experience, the authors believe that human intelligence is always required to validate 
the program. So, the authors justify the need to perform a manual and automated test. 

The article [17] of Yaroslav Vasylenko, Galina Shmyger and Dmytro Verbovetskyi 
investigate the principles and technologies of creating such a semantic interconnection 
system that would be useful and practical for use in areas such as machine translation, 
search engines and contextual search (Fig. 20). The practical meaning of the results 
obtained is to create a semantic dictionary of the Ukrainian language that will allow to 
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better analyze Ukrainian texts by searching not only the words themselves, but also 
words that are in one way or another related to the primary, and that will significantly 
increase the speed of search and analysis of information. In the created web-application 
(thesaurus) the basic functions of similar existing systems and the latest methods of 
information linguistics are implemented. 

 
Fig. 19. Presentation of paper [10] 

 
Fig. 20. Presentation of paper [17] 

5 Conclusion 

The vision of the CS&SE@SW 2019 is provides an expert environment for young 
researchers, who are at the beginning of their career, such as Master or PhD students, 
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to present and discuss the most recent of ideas and early results of student’s projects or 
other research aiming at receiving a Master or PhD degrees. 

Young researchers, who will join us to take part in discussions and/or present their 
papers, will be offered an opportunity to exchange and discuss their research ideas with 
their peers, supervisors, and senior scientists working in the fields that are within the 
scope of CS&SE@SW. 

The second instalment of CS&SE@SW was organised by Kryvyi Rih National 
University, Ukraine (with support of the rector Mykola I. Stupnik) in collaboration with 
Kryvyi Rih State Pedagogical University, Ukraine (with support of the rector Yaroslav 
V. Shramko), Institute of Information Technologies and Learning Tools of the NAES 
of Ukraine (with support of the director Valeriy Yu. Bykov) and Ben-Gurion University 
of the Negev, Israel (with support of the rector Chaim J. Hames). 

We are thankful to all the authors who submitted papers and the delegates for their 
participation and their interest in CS&SE@SW as a platform to share their ideas and 
innovation. Also, we are also thankful to all the program committee members for 
providing continuous guidance and efforts taken by peer reviewers contributed to 
improve the quality of papers provided constructive critical comments, improvements 
and corrections to the authors are gratefully appreciated for their contribution to the 
success of the workshop. 

We hope you enjoy this workshop and meet again in more friendly, hilarious, and 
happiness of further CS&SE@SW 2020 at Kryvyi Rih, Ukraine on November 27, 2020. 
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Abstract. This article is a trying to combine two main traditions of
belief revision: the so-called AGM-approach and Dynamic Doxatic Logic
approach. We consider doxastic actions as modal operators partly like
DDL-style and compare their features with AGM postulates. We con-
struct axiomatical systems for the operator of the expansion and the
operator of the contraction. Within the system based on this interpreta-
tion, we can express and prove the corresponding postulates of expansion
and contraction AGM. It demonstrates that these modal operators corre-
spond to the functions of expansion and contraction described in AGM,
about that the representational theorem has been formulated.
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1 Dynamic interpretation of doxastic actions

Belief revision is promising trend in modern epistemic logic deals with changes
of our knowledges and beliefs. It is aimed at formal representation of the pro-
cess of belief change. There are two main traditions of belief revision: the so-
called AGM-approach, named after its initiators Carlos E. Alchourròn, Peter
Gärdenfors and David Makinson (see their most seminal paper [1] and inspired
reserches, e.g.: [4]), and DDL-approach — Dynamic Doxatic Logic based on in-
genious ideas of Krister Segerberg (see, e.g.: [12]). Both approaches are very
similar in a general intention and research methodology, furthermore their main
purpose is an adequate representation of doxastic actions perfomed in the pro-
cess of belief change. In both traditions the basic doxastic actions represented
by expansion, contraction and revision, but each approach implements them in
different ways. This ways depend on the format of main epistemic objects such
as epistemic states, admissible epistemic inputs, expected epistemic results etc.
Implemetation of doxastic actions also depends on specific notion of changes in
belief states — it could be taken as a process (see, e.g.: [2]) or as a result of
change (see, e.g.: [3]).

Copyright c© 2019 for this paper by its authors. Use permitted under Creative Common
License Attribution 4.0 International (CC BY 4.0).
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AGM. The main postulates of belief change were described in AGM, so
this treatment sometimes is called “postulational approach”. Basic properties
of expansion, contraction and revision are presented in AGM as a set of for-
mal axioms. It is commonly accepted that any interpretation of doxastic action
should satisfy the suitable set of the axioms. However, main drawback of this
approach is a static representation of doxastic actions. All doxastic actions in
AGM factually are reduced to operations over theories.

AGM expansion: T + A (T — initial knowledge set (theory), + — the sign
of expansion and A — new knowledge (or belief) added to the initial set).

AGM contraction: T ÷ A (T — initial knowledge set (theory), ÷ — the sign
of contraction and A — knowledge (or belief) extracted from the initial set).

AGM considers the status of the theory before and after change, but it doesn‘t
consider the process of change. Thus an underwater part of iceberg of properties
of doxastic operations are remained unexplored.

DDL. The idea of constructing an axiomatic system capable to display the
dynamic properties of doxastic actions is partially implemented by the dynamic
direction in belief revision. The basis of this approach is the idea of representing
the dynamic aspect of belief change by specific language of DDL. Doxasic actions
are considered as term-formed operators +, ÷, *.

DDL expansion: +φ (means it is performing an expansion by φ).
DDL contraction: ÷φ (means it is performing a contraction by φ).

These terms constitute entire formula with additional operators “[ ]”, “<>”.
Thus, notion ψ[+φ] means “ψ regularly holds after the agent performs an ex-
pansion by φ” and ψ < +φ > means “perhaps ψ holds after the agent performs
an expansion by φ”

This language has much more resources for a detailed analysis of doxastic
actions, but it is too complicated and cumbersome. Whereas the postulational
way allows to define doxastic action and describes the basic principles of belief
change, it has too simple syntax that makes difficult further detailed researching.
Therefore it is reasonable to construct an axiomatic logical system capable to
combine advantages of both approaches and overcome their shortcomings. The
syntax of this logic should be simple like the syntax of the AGM-system and
should be flexible enough to express the process of change.

To solve this task it need to change the aspect of consideration of doxastic ac-
tions. In this connection Yaroslav Shramko makes an interesting offer, proposed
a more depth consideration of the epistemological grounds of beliefs. He offers
to interpret doxastic actions as pure modal operators to relegating the action
directly into the center of researching [13]. The proposed idea differs from the
modal interpretation of doxastic actions by K. Segerbeg (DDL-approach). If dox-
astic action (expansion, contraction and etc) is considered as regular modal op-
erator, its application to a Boolean formula creates a dynamic formula. Whereas
doxastic operator in DDL forms only term (see: [12], [7]) and thus it is not a
purely modal operator. The representation of doxastic actions as formula-formed
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modal operators considerably simplify syntax and with that allows to analyze
the dynamic aspect of the belief revision. It is possible to build specific dynamic
modal logic on this notion.

The basic idea of this paper is to represent expansion and contraction actions
as modal operators and to show the equivalence of received operators to appro-
priate operators AGM. We need to consider the AGM postulates for expansion
and contraction and to prove that they hold doxastic actions interpreted in the
modal way.

Within the AGM belief state of the subject is reduced to a set of beliefs closed
under the logical consequence. After the AGM under a consequence operation
we mean an operator Cn that takes sets of proposition to sets of proposition,
such that three condition are satisfied, for any sets X and Y of proposition:
X ⊆ Cn(X), Cn(X) = Cn(Cn(X)), and Cn(X) ⊆ Cn(Y ) whenever X ⊆ Y [1,
p. 511]. Thus we will use the equivalent notation y ∈ Cn(X) and X ` y.

Each set of beliefs can represent the belief state, as well as any belief state
may be presented as a set of beliefs. Each proposition represents a belief and,
accordingly, each belief can be represented in the form of a proposition. That is,
the belief state is a set of propositions – beliefs, in which the subject is convinced
of the truth. We will examine the change of a theory – consistent sets of beliefs,
closed under the logical consequence (Cn).

2 AGM postulates of expansion

Expansion – the simplest doxastic operator in AGM. Its point lies in adding
new information to the initial set of beliefs. Expansions is implemented by using
+, displaying a pair (set of beliefs, statements) on the set of sets of beliefs
(K × L → K). Where K is the initial belief set, the expansion of K by A
is denoted by K + A. Expansion can be characterized by the following set of
postulates [6, p. 48-51].

Closure K +A – belief set E 1
Success A ∈ (K +A) E 2
Inclusion K ⊃ (K +A) E 3
Vacuity If A ∈ K then (K +A) = K E 4
Monotonicity If K ⊃ H then (K +A) ⊃ (H +A) E 5
These postulates describe a family of expansion operators. Factually, with

the help of the postulates of expansion E1-E5 can be axiomatically defined the
operator of expansion. That is, if the doxastic operator satisfying the postulates
of expansion E1-E5, then it is equivalent to the operator expansion of AGM.

3 AGM postulates of contraction

Contraction is applied in those cases where a proposition must be removed from
the belief set without giving any new information. Contraction is implemented
by using ÷, displaying a pair (set of beliefs, statements) on the set of sets of
beliefs (K × L→ K). Where K is the initial belief set, the contraction of K by



24

A is denoted by K ÷ A. Contraction can be characterized by the following set
of postulates [6, p. 60-64].

Basic postulates of contraction, which factually mean the axiomatic definition
contraction, were developed under the traditional approach of AGM [1]. Building
a contraction operator is considered to be successfull if it exists a proving that
it satisfied the postulates of contraction AGM.

Closure K ÷A – belief set C 1
Success If 0 A then K ÷A 0 A C 2
Inclusion K ÷A ⊃ K C 3
Vacuity If A /∈ K then K ÷A = K C 4
Extensionality If A⇔ B then K ÷A = K ÷B C 5
Recovery K ⊆ (K ÷A) +A C 6

The postulate of recovery is not always achieved because it involves the com-
position of operators of contraction and expansion, but it leads to inconsistency
in the AGM. If the contraction operator satisfies five postulates without recovery,
it is named a withdrawal operator. This designation describes irreversible process
and defines contraction as a singular operator, independent on the expansion.

4 Principles of Doxastic Modal Logic (DML)

DML language allows to place doxastic actions in the center of consideration.
Doxastic formula DML formed by hanging doxastic operator on the Boolean
formula. In fact, each doxastic formula DML is the representation of some action
of belief revision at the time of conversion (see [10, p. 18]).

Let A be an usual formula of propositional calculus, + – doxastic operator
expansion, ÷ – respectively doxastic operator contraction. Consider a fixed the-
ory. Then +A will mean expansion by A. Similarly ÷A will mean contraction
by A. In DML interpretation doxastic operators can be applied to nondoxastic
(Boolean) propositiond. The result of applying these operators will be the dox-
astic formula. Thus, expansion and contraction are interpreted in DML as modal
(single) operators in pure form. And therefore, +A,÷A and similar doxastic for-
mulas do not express a certain state theory but the transformation theory. As
a result of doxastic actions a static formula can be obtained, which expresses
a certain state theory, or we will need to implement the next steps of doxastic
actions.

Doxastic actions of expansion and contraction over a fixed belief set will look
this way.

Expansion by A: +A
Contraction by A: ÷A
The general characteristics of dynamic modal logic DML will be common to

all axiomatic systems built according to this approach. Basic properties of the
axiomatic systems will be presented according to the work of Y. Shramko [13].

As in the language of classical logic the illogical character of a set is an infi-
nite list of propositional variables p, q, r, s. The logical symbols are signs of the
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truth-functional propositional connectives: &,∨,⊃,¬ and the symbols of doxas-
tic operators + and ÷. The technical characters are left and right parentheses
(, ).

DEFINITION 1 Boolean formula
A formula is called boolean if and only if it consists of elementary proposi-
tions and propositional connectives.

In building of this logic, we assume that doxastic operators are not appli-
cable to doxastic formulas. Iteration of doxastic operators is possible, but with
additional conditions and needs a deeper study. Thus, we have the following
definition of an elementary doxastic formula.

DEFINITION 2 Elementary doxastic formula
+A and ÷A are elementary doxastic formula iff A is a boolean formula.

DEFINITION 3 Well-formed formula
Well-formed formula (WFF) is called:
(1) any Boolean formula
(2) any elementary doxastic formula
(3) if A and B are WFF, then A&B, A ∨B, A→ B,¬A are WFF,
nothing else is WFF.

All doxastic modal logic which have DML syntax will be formulated as a
system of axioms with the rules of substitution and inference. First of all, note
that all axioms of propositional calculus are axioms of each logic DML. We have
the following rule:

PC All axioms of propositional logic are an axiom of DML.
Typically inference rule is Modus Ponens. If the formula A is inferred and

formula A→ B is inferred, then formula B is inferred.
MP If ` A and ` A→ B then ` B.
To formulate the rules of substitution we will need the notion of correct

substitution.

DEFINITION 4 Correct substitution Substituting of formula B instead of
occurrence of some variable p in well-formed formula A is called correct if
and only if the result of substitution is a WFF.

Now we can formulate a rule of admissible substitutions.
US Let A be a theorem DML, and p1, p2, . . . , pn are some propo-

sitional variables that are included in A. Then formula A, obtained by simulta-
neous substitution of some WFF B1, B2, . . . , Bn instead of every occurrence of
p1, p2, . . . , pn, is a theorem.

Factually, the dynamic modal logic DML is a propositional calculus with the
alphabet extended by typing doxastic modal operators:+, ÷. These modal oper-
ators are a formal interpretation of cognitive actions: expansion and contraction,
respectively.
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5 Minimal logic of expansion

Consider the axiomatic construction of doxastic modal logic of expansion based
on the interpretation of a cognitive action of expansion as a modal operator [10].
For this reason we need a DML language and series of axioms that define the
specific nature of the operator of expansion. Consider the basic properties of the
expansion used in the construction of epistemical theories. AGM define it by
using the apparatus of set theory [8, p. 4]:

K+A = Cn(K ∪A), where K is the initial belief set and Cn is the operation
of closure under the logical consequence.

Thus, if we want to expand the theory by A, we must mechanically add A
to the original belief set using the set-theoretic union operation and close the
obtained set under the logical consequence.

By completeness of the belief set, each deducible formula of propositional
calculus will be added to the resulting theory. Obviously the next property, if
A is a theorem of propositional calculus, we must add it to our theory, which is
similar to the well-known in modal logic rule of hanging of necessity. In the DML
language this rule will take the following form: if A is a theorem of propositional
calculus, then +A is a theorem of minimal logic of extension.

N If ` A, then ` +A.

In this situation doxastic operator of expansion behaves like a normal modal
operator. Remarkable, such behavior should not follow the properties of the
operator, but from the definition of cognitive operator, which is represented by
this modal operator. It indicates that the chosen method of presentation can
actually be used.

The following important property is that the operator extension is closed
under Modus Ponens. This characteristic, as the previous one, also follows the
definition of expansion adopted in the AGM. By analogy with the principle of
bringing of modality for normal modal systems, this principle can be expressed
as distributivity operator of expansion with respect to the implication.

K +(A→ B)→ (+A→ +B)

Based on the previous note, the operator of expansion can be interpreted as
a normal modal operator, which owns the properties of positive modality. Rules
as PC, MP, US, N and K are the base of the most weak logic of extension of
beliefs.

6 Dynamic modal logic of extension DMLE

The expressive power of DML language is sufficient to build a stronger logic of
expansion, which will examine in details the properties of AGM expansion. In
building this logic we need a criteria of rationality AGM, taken in the concept:
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– Requirement of minimal changes in initial beliefs,
– Priority of new information,
– Consistency.

To the list of criteria of rationality also can be added the principle of cate-
gorical matching, which is usually introduced implicitly, but is one of the most
important when performing any operation. According to the principle of cate-
gorical matching (see [8, p. 5]) the result of the operation must be represented in
the same form as the original data. Thus, the execution of any doxastic operation
on the belief set should guarantee the result as the belief set and nothing else.

The criterion of priority of the new information requires the presence of
expression in the belief set after expansion of the theory by this statement.
In the AGM postulates for expansion is mentioned a criterion expressed as a
postulate of success. Taking a statement to the belief set, the agent elevates it
to the rank of belief and commits to adopt it.

T +A→ A

If we consider konsequent of T as an expression of truth, that “if A is added to
the theory, then A is true“, we get a very strong statement. Given the properties
of the agent of belief (at least, he may be wrong), we can say that this statement
is quite often incorrect. However, if we represent the right side of the formula
as an approval A (according to Frege), not requiring a mandatory truth — no
factual or logical [13]. Then the formula can be considered as an expression of
the sequence of doxastic action which forces an agent to accept all of his beliefs.
Factually, if the agent adds a statement to his belief set, then he is obliged
to assert it. This expression describes agent’s doxastic commitments, that he
imposes on himself by adding a statement to the belief set.

Logic defines a set of rules PC, MP, US, N, K and T is dynamic modal logic
of expansion DMLE .

7 AGM postulates of expansion within DMLE

Expressive capabilities of DMLE allow to formalize the postulates of expansion
AGM: closure, success, inclusion, vacuity, monotonicity and minimality. Accord-
ing to the theorem AGM [1, p. 513], the operator which satisfies the given pos-
tulates is equivalent to the operator of expansion AGM.

7.1 Closure

The resulting belief set obtained from the expansion of the initial theory by some
proposition A, should be closed under the logical consequence. Formally, if K is
a belief set, then K + A is a belief set. This postulate expresses the principle
of categorical matching whereby the representation of a belief after performing
some operations must be the same as the way of presenting the initial state. In
DMLE the postulate of closure is expressed in rule K.

K +(A→ B)→ (+A→ +B)
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7.2 Success

After the expansion of the theory by some proposition A, it must belong to
the theory. This postulate expresses the criterion of priority a new information,
whereby the input information must be accepted. Formally: A ∈ K + A. In
DMLE the success postulate is expressed by axiom T.

T +A→ A

7.3 Inclusion

The initial belief set must be always a subset of the expanded belief set. This
is a kind of assertion of ,,purity” of the operator of expansion. According to
the postulate of inclusion, making the expansion, we combine the initial belief
set and the set, which consists of the added proposition, while no proposition
is removed from the initial set. Closure of resulting belief set must include the
original belief set. Formally: K ⊂ K + A. In DMLE postulate of inclusion can
be expressed the following:

B& +A→ B

The postulate of inclusion can be obtained from the theorem of the proposi-
tional calculus by the substitution rules, so it is deducable in DMLE .

7.4 Vacuity

Expansion of the theory by proposition A which is already presented in it, does
not change the theory. Formally: if A ∈ K, then K + A = K. In DMLE the
postulate of vacuity can be expressed as follows:

A→ (+A→ A)

The above mentioned postulate AGM expansion may be withdrawn within
DMLE using an axiom of propositional calculus and the rules of substitution,
so it is a theorem of logic of expansion.

7.5 Monotonicity

Operation of expansion is monotonous under the set-theoretic operation of in-
clusion. If K ⊆ N , then K+A ⊆ N+A. The same property retains the operator
of expansion with respect to implication in DMLE .

(B → C)→ ((B& +A)→ (C& +A))

The postulate of monotonicity of expansion is also inferred in DMLE by the
rules of substitution.
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7.6 Minimality

For any belief set K and proposition A, K +A is the lowest set of beliefs which
satisfies the postulates of closure, success and inclusion. This postulate expresses
the criterion of minimality, whereby the modified belief set must be strictly
regulated. Expanding the theory by some proposition A we should add only this
proposition A and nothing more to the belief set. Closure of the received belief set
provides a presence added proposition in the belief set. Thus, if a proposition
B does not follow from A, the expanding of the theory by A should not lead
expansion of a theory by B.

Theorem. Minimality DMLE. ¬(A→ B)→ ¬(+A→ +B)

Proof.
1 ¬(A→ B)→ ¬+ (A→ B) US, T, contraposition
2 ¬+ (A→ B)→ ¬(+A→ +B) 1,K
3 ¬(A→ B)→ ¬(+A→ +B) 1, 2, transitivity

If the implication (A→ B) exists in the initial belief set, then when adding
A, proposition B appears in the theory as a result of keeping closure. If B does
not follow from A, but was still present in the initial theory, its adding does not
change the theory, according to the postulate of vacuity.

Thus, the formalization of operation of expansion allows to express the def-
inition of expansion, which moves in the AGM, the basic properties of this op-
eration and criteria of rationality applicable to the expansion. The postulates
AGM, which define the basic properties of operation of expansion, can be for-
malized and proved in dynamic doxastic logic of expansion. Thus, the logic given
by the PC, US, N, K and T is a dynamic modal logic of extension DMLE and
represents the function of expansion AGM.

8 Dynamic modal logic of contraction DMLC

Let us consider the operator of contraction. Any logical system based only on the
operator of contraction, without expansion, allows us to express the properties
of the withdrawal function [11], a specific type of contraction, which does not
satisfy the postulate of recovery. Notably, while all the other AGM postulates
of contraction are satisfied. It seems inappropriate to build a logical system
based on an operator, which does not satisfy all AGM postulates of contraction,
however, to express the complex operator, can be based even on withdrawal
operator.

To build a logical system based on the operator of contraction, use the al-
phabet of dynamic modal logic DML with the rules of PC, MP, US. In addition,
we introduce some specific rules in a logical system, that determine the proper-
ties of contraction, defined by the axiomatic definition of the AGM contraction
functions.

First of all, consider the introduction of the operator of contraction. The
next rule says that when we contract the theory by proposition B, we should
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remove all propositions A, which inferred B. Factually, if A → B is a theorem,
then ÷B → ÷A is a theorem.

C If ` A→ B and A→ B is a boolean formula, then ` ÷B → ÷A.

Note, the same principle, expressed by a formula (A → B) → (÷B → ÷A)
can not be accepted as an axiom of DMLC , because if (A→ B) is not a tautol-
ogy, an alternative for removal A (due to contraction by B) could be generally
removal formula (A→ B).

The operation of contraction should provide consistency of belief set. If the
belief set contains some proposition A, it should not contain a denial of this
proposition ¬A. Contraposition of these statements is more convenient: if a belief
set contains ¬A, then in order to preserve consistency of the set, we need to delete
A.

This doxastic commitment can be justified in another way, if we believe in
a false proposition A (this is possible if A is contrary to our initial belief set
and initial set contains ¬A), we must reject the false proposition. Indeed, we are
trying to get rid of false propositions in the change of belief, no matter for what
reason — as a result of obtaining some new information, or, for example, due to
review the existing belief set in search of contradictions.

This principle of consistency of a belief set reflects the mechanism of contrac-
tion, and therefore should be accepted as an axiom DMLC and can be stated
as follows:

U ¬A→ ÷A

The following axiom expresses an important principle of partial meet con-
traction AGM, also called ”conjunctive factorization”.

DM1 ÷(A&B)→ (÷A ∨ ÷B)

It is natural to adopt this axiom. If we wish to contract the belief set by a
conjunction and there exists some preference between the conjuncts, then this
contraction is equivalent to contraction by the non-preferred conjuncts. If the
both conjuncts are equal, then we will have to remove both [5, p. 12]. There are
three ways to contract initial belief set by conjunction A&B, such us: remove
the sentence A but leave the sentence B, remove the sentence B but leave the
sentence A, and remove both.

9 Doxastic modal logic of contraction DMLC and AGM
postulates

The most convenient kind of contraction is represented in AGM by so-calling
,,partial meet contraction”. The basic postulates of contraction are developed in
AGM (six basic and two additional postulates)[1]. All the postulates of contrac-
tion can be expressed in the language of DMLC , moreover almost all postulates
of contraction can be proved in the doxastic modal logic of contraction.
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9.1 Closure

According to the principle of categorial matching, the representation of a belief
state after a belief change should have the same form as the representation
of the belief state before the change [8, p. 5]. Hence, if the initial theory K is
logically closed, then theory K÷A is closed too. Let us contracting the set K by
proposition A. Thus, before contraction we need to make sure that the original
set K is closed under logical consequense, and after a contraction we must to
implement the closure outcome set K ÷A.

On the expansion postulate of closure acquires the form

+(A→ B)→ (+A→ +B)

On the contraction this postulate points out that if the contraction the set
K by proposition A was done correctly, then closure of the outcome set K ÷ A
must not contain A. The proposal should be deleted explicitly and implicitly.
To do this we need to remove all statements that lead A otherwise the closure
operation again returns it to the theory. In the language of DMLC it will look
as follows.

Theorem 1. DML1 ` (A→ B)⇒ ` (÷B → ÷A)

Proof. If B follows from A, then, if we remove B, then we must remove A. This
is a inference rule C.

9.2 Inclusion

K ÷A ⊆ K
A theory obtained by contraction of some theory must be a subset of the

initial theory. It is impossible that the outcome belief set K ÷A was intersected
with the initial belief set or K was a proper subset of K ÷A.

Theorem 2. DML2 ÷B → (÷A→ ÷B)

Proof. This principle is a special case of the consequent approval, and therefore,
it is the theorem of our system.

A deletion any proposition should not cause an expansion of a system by means
of proposition which are not exist in it. Factually, any proposition which does
not belong to belief set should not appear in the theory as a result of contraction
by anyone proposition.

9.3 Vacuity

A /∈ K ⇒ K ÷A = K
If the proposotion does not belong to the original belief set, then its removal

should not cause any transformation of the system. In doxastic modal logic of
contraction this postulate can be expressed by the following method:
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Theorem 3. DML3 (B&¬A)→ (÷A→ B)

In other words, if belief set is compatible with ¬A, that it does not contain
statement A, then we obtain the same initial set B, when try to remove the A.

Proof.
1 (B&¬A)→ B PC
2 B → (B ∨ ¬ ÷A) 1, PC
3 (B ∨ ¬ ÷A)→ (÷A→ B) 2, PC
4 (B&¬A)→ (÷A ∨B) 1, 3, transitivity

9.4 Success

A /∈ Cn(∅)⇒ A /∈ (K ÷A)
Reformulating this postulate by contraposition, we obtain the next note: if

A ∈ (K ÷ A), then A ∈ Cn(∅). That is, if a statement is present in the theory
after it was removed, then the statement is a logical tautology. In the language
of DMLC this postulate can be written as

Theorem 4. DML4 (÷A→ A)→ ((A→ A)→ A)

Proof.
1 ¬A→ ÷A U
2 (¬A→ ÷A)→ (÷A ∨A) 1, PC
3 (¬A ∨ ÷A)→ ((¬A ∨ ÷A)&(A ∨ ¬A)) 2, PC
4 ((¬A ∨ ÷A)&(A ∨ ¬A))→ (÷A&¬A) ∨ (A&¬A) ∨A 3, PC
5 ((÷A&¬A) ∨ (A&¬A) ∨A)→ ((¬ ÷A ∨A)→ ((¬A ∨A)→ A)) 4, PC
6 ((¬ ÷A ∨A)→ ((¬A ∨A)→ A))→ ((A→ A)→ A) 5, PC

9.5 Extensionality

If A↔ B ∈ Cn(∅), then K ÷A = K ÷B
Extensionality guarantees that the logic of contraction is extensionak in the

sense of allowing logically equivalent sentences to be freely substituted for each
other [8, p. 8].

Theorem 5. DML5 ` A↔ B ⇒ ` ÷A↔ ÷B

Proof. The proof of this rule can be easily obtained using the rule C.

Thus, we expressed the five postulates of AGM contraction and built their proof
in the system DMLC . Within the logic contraction can not formalize the postu-
late of recovery, because it requires a explicit use of the operator of expansion.

So, for the modal operator of the contraction imposed by axioms DMLC ,
performed five basic postulates of contraction AGM: closure, inclusion, vacuity,
success, and extensionality. Thus, the modal operator of contraction reflects
the properties of the functions of contraction AGM. Now, we can formulate
appropriately representational theorem, analogous to [1].
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Representational Theorem. Sinse the modal operator of the contraction
DMLC satisfies the properties closure, inclusion, vacuity, success, and exten-
sionality, hence the operator of the contraction DMLC is equivalent to with-
drawal function AGM.

Thus, the representation doxastic actions as modal operators allows to con-
struct axiomatical systems for the operator of the expansion and the operator of
the contraction. Within the system based on this interpretation, we can express
and prove the corresponding postulates of expansion and contraction AGM. It
demonstrates that these modal operators correspond to the functions of expan-
sion and contraction described in AGM, about that the representational theorem
has been formulated. This method of representation of doxastic actions makes it
possible to formulate rigorously known properties of expansion and contraction
and, moreover, to trace the new properties of doxastic actions, which manifest
themselves by virtue of this representation.
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Abstract. Designing a mobile-oriented environment for professional and 
practical training requires determining the stable (fundamental) and mobile 
(technological) components of its content and determining the appropriate model 
for specialist training. In order to determine the ratio of fundamental and 
technological in the content of software engineers’ training, a retrospective 
analysis of the first model of training software engineers developed in the early 
1970s was carried out and its compliance with the current state of software 
engineering development as a field of knowledge and a new the standard of 
higher education in Ukraine, specialty 121 “Software Engineering”. It is 
determined that the consistency and scalability inherent in the historically first 
training program are largely consistent with the ideas of evolutionary software 
design. An analysis of its content also provided an opportunity to identify the 
links between the training for software engineers and training for computer 
science, computer engineering, cybersecurity, information systems and 
technologies. It has been established that the fundamental core of software 
engineers’ training should ensure that students achieve such leading learning 
outcomes: to know and put into practice the fundamental concepts, paradigms 
and basic principles of the functioning of language, instrumental and 
computational tools for software engineering; know and apply the appropriate 
mathematical concepts, domain methods, system and object-oriented analysis 
and mathematical modeling for software development; put into practice the 
software tools for domain analysis, design, testing, visualization, measurement 
and documentation of software. It is shown that the formation of the relevant 
competencies of future software engineers must be carried out in the training of 
all disciplines of professional and practical training. 

Keywords: software engineering, professional training, software, specialist 
training model, standard of higher education. 

1 Introduction 

On October 29, 2018, by Order of Ministry of Education and Science of Ukraine 
№ 1166, the higher education standard for specialty 121 “Software Engineering” for 
the first (bachelor’s) level of higher education was approved and implemented 
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(Standard 2018) [88]. The Standard of higher education contains competencies that 
determine the bachelor’s training specifics in specialty 121 “Software Engineering” and 
program results of training. The introduction of the standard was preceded by a long 
work of domestic software engineering (SE) specialist community, the result of which 
was the formation of future SE specialist’ general and special competency-based 
system. 

The rapid development of models, methods and tools of SE and the IT industry as a 
whole raises the question of whether the proposed competency-based system is 
sufficient to form a modern SE specialist capable of professional development and self-
improvement throughout life. A positive answer to this question will contribute to 
improving Ukraine’s position in the IT international labor market, and a negative one 
will preserve the current state of technology development and the programmed lag of 
Ukraine’s IT education from other states. 

To answer this question, it is necessary to determine the ratio of the stable 
(fundamental) and mobile (technological) component in the content of vocational 
training of specialists in SE. As one of the founders of SE Brian Randell (born 1936)  
pointed out that “Those who cannot remember the past are condemned to repeat it. So 
I hope that you will ... to pay a little more attention to the past, ... to take some time to 
read or re-read, for example, the original 1968 NATO Report, ... before you resume 
work on inventing yet another new language or [programming] technique” [7, p. 8]. 
That is why an analysis of the main stages of development of software engineering as 
a branch of knowledge was presented, the fundamental components of the training of 
future software engineers were identified and development trends for this industry for 
the next decade were determined in our previous work [9]. 

The purpose of the article is to analyze the first software engineering specialists 
training model developed under the guidance of Friedrich Ludwig Bauer, and to 
establish its compliance with the current state of SE development and the new higher 
education standard in specialty 121 “Software Engineering”. 

2 The first software engineering training model (1972) 

According to the results of the NATO conference on software engineering 1968 [6] and 
1969 [2] an international experts group led by Friedrich Ludwig “Fritz” Bauer (1924-
2015) developed “Advanced Course on Software Engineering” [1] in late 1971 – early 
1972. The Advanced Course took place February 21 – March 3, 1972, organized by the 
Mathematical Institute of the Technical University of Munich and the Leibniz 
Computing Center of the Bavarian Academy of Sciences. In the Preface to the materials 
of this training program for SE Bauer indicates that the book [1] is the first step towards 
the concentration and systematization of relevant teaching materials: “Our intention in 
the planning of this course was to cover as much as we can at the moment of all the 
aspects of the theme [SE], and to contribute further to the systematization of the field. 
... we think it is essential to point out where the ideas of software engineering should 
influence Computer Science and should penetrate in its curricula ... to your students in 
an academic environment” [1, p. 2]. 
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The developed training program for SE consisted of four sections. 
The first section – “Introduction” – contained two lectures. In the first lecture by 

Keith William “Bill” Morton (born 1930), using concrete examples, describes the 
problems that led to the software crisis and identifies 8 main directions for overcoming 
them when developing application software packages that correspond to learning 
outcomes of the 2018 standard (Table 1). 

Table 1. Directions for overcoming a software crisis 

Main directions for 
overcoming the software crisis 

according to Morton 

Programmatic results for SЕ professionals according to 
Standard 2018 

project management – training of 
staff in appropriate programming 
techniques; setting up standards; 
sub-dividing work into 
manageable parts; monitoring 
progress and quality 

PR22 – to know and be able to apply project management 
methods and tools 

product definition – specifying 
its function; defining user image; 
effects of host operating system 

PR09 – to know and be able to use methods and means of 
collecting, formulating and analyzing software and PR11 – to 
select the initial data for design, guided by formal methods for 
describing requirements and modeling 

design and implementation PR10 – to conduct a pre-project survey of the subject area, a 
system analysis of the design object, PR12 – to put into 
practice effective approaches to software design, PR14 – to 
put into practice the software tools for domain analysis, 
design, testing, visualization, measurement and documenting 
of software and others 

application of different levels 
problem-oriented languages or 
abstract machines hierarchies, 
most suitable for solving applied 
problems 

PR07 – to know and put into practice the fundamental 
concepts, paradigms and basic principles of the functioning of 
language, instrumental and computational tools for software 
engineering and PR15 – motivated to choose programming 
languages and development technologies for solving 
problems of creating and maintaining software 

documentation – selecting levels, 
methods and automatic aids; 
controlling quality; 
disseminating and updating 

PR05 – to know and apply the appropriate mathematical 
concepts, domain, system and object-oriented analysis and 
mathematical modeling methods for software development, 
PR14 – to put into practice the software tools for domain 
analysis, design, testing, visualization, measurement and 
documenting of software and PR16 – to have the skills of team 
development, coordination, design and release of all  program 
documentation types 
 

testing – generation of test data; 
use of test beds 
performance measurement – 
simulation; measurement tools; 
monitoring and optimisation 
maintenance and enhancement  

 
At the end of the lecture, Morton answers the question posed in title – “What the 

Software Engineer Can Do for the Computer User”: improvements to the computer 
systems that computer user has to use; and tools and techniques that software engineer 
can make use of in his own work [1, pp. 4–11]. 
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Jack Bonnell Dennis’ (born 1931) the second lecture of the first section “The Design 
and Construction of Software Systems” examined such basic concepts as “computer 
systems”, “software systems”, “their hierarchy”, “system software”, and “application 
software”, methods for describing software systems, their function, correctness, 
performance and reliability, as well as software projects. 

At the beginning of the lecture, the author sets out his vision of SE as the application 
of principles, skills and art to the design and construction of programs and systems of 
programs, focusing specifically on the sound principles of SE and the extent of their 
applicability. 

Dennis defined a computer system as a combination of hardware and software 
components that provides a definite form of service to a group of “users” [1, p. 13]. 
Therefore, for programming subsystems using the example of the Basic language, the 
author identifies at least three distinct computer systems and corresponding user groups 
(consumers of certain services): 

1. the computer hardware, whose “users” are operating system implementers; 
2. hardware plus operating system, whose “users” are subsystem implementers; 
3. hardware, operating system and Basic language subsystem, which services are 

provided to users of this language. 

Based on this unity, the author defined software systems as the software and hardware 
components that must be added to a specific computer system, called the host system, 
in order to realize some desired function. Thus, the hardware and the operating system 
form the base computer system for a software programming system in the Basic 
language. 

The systems hierarchy is formed by expanding them or defining a new way of 
interacting (linguistic level) with them through translation or interpretation of 
commands. 

System software – a collection of system programs usually forms a hierarchy of 
software systems having these properties: 

1. The collection of programs is implemented under one authority. 
2. The hierarchy of software systems defines a single linguistic level which applies to 

all users of the collection of programs. 
3. Inner linguistic levels of the hierarchy are hidden from the user. 
4. The outer linguistic level of the hierarchy is “complete” for the goals of the 

implementing authority. 
5. The primary means of defining new linguistic levels is partial interpretation. 

Application software – an application program or software system usually has these 
properties: 

1. The programs are expressed in terms of a “complete” linguistic level. 
2. The programs define a new linguistic level by extension, translation, interpretation, 

or by some combination of these techniques. 
3. The linguistic level defined by the program or software system is inadequate for 

defining further linguistic levels. 
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4. A variety of such programs or software systems are available to clients of an 
installation, and are often implemented under different authorities. 

J. B. Dennis determines the description of the software system through the description 
of its software component (expressed in a well-defined programming language), 
hardware component (using a model that reflects the behavior of the hardware 
component in all normal operating conditions of the software system), the base system 
and the linguistic level at which a software system should be implemented. 

The goals of a software system designing are expressed in its desired properties: 
functionality (as the correspondence desired of output with input), correctness (using a 
structural programming style that makes program correctness self-evident, or using 
proof of correctness of software systems or components), performance (the 
effectiveness with which resources of the host system are utilized toward meeting the 
objective of the software system) and reliability (the ability of a software system to 
perform its function correctly in spite of failures of computer system components). 

Dennis’ lecture concludes with a description of the typical tasks that arise when 
developing large software projects. 

2018 Standard defines the following programmatic outcomes relevant to this lecture: 
PR03 – to know the main processes, phases and iterations of the software life cycle; 
PR05 – to know and apply the appropriate mathematical concepts, domain methods, 

system and object-oriented analysis and mathematical modeling for software 
development; 

PR06 – the ability to choose and use the appropriate methodology for creating 
software; 

PR07 – to know and put into practice the fundamental concepts, paradigms and basic 
principles of the functioning of the linguistic, instrumental and computational tools of 
software engineering; 

PR10 – to conduct a pre-design survey of the subject area, a system analysis of the 
design object; 

PR11 – to choose the source data for design, guided by formal methods for 
describing requirements and modeling; 

PR12 – to put into practice efficient approaches to software design; 
PR13 – to know and apply methods for developing algorithms, designing software 

for data structures and knowledge; 
PR14 – to apply in practice the software tools for domain analysis, design, testing, 

visualization, measurement and documenting of software; 
PR15 – motivated to choose programming languages and development technologies 

for solving problems of creating and maintaining software; 
PR22 – to know and be able to apply methods and means of project management. 
The second section – “Descriptional Tools” – contained five lectures. In the first 

lecture “Hierarchies” Gerhard Goos (born 1937) discusses the methodological 
foundations of the decomposition of software systems and their application to the 
development of software and programming languages. 

Goos suggests starting the software systems designing with a description of the 
problem to be solved and the available host system (as interpreted by J. B. Dennis). The 
task can be formally represented by an abstract machine, which from the input data 
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using the program for this machine produces some source data that solve a certain part 
of the problem [1, p. 29]. At the first stage (general system design), a set of software 
components is determined by specifying their external interfaces, each of which solves 
a part of the original problem, realizing it using some functions of an abstract machine. 
The internal behavior of each component is determined at the second stage (detailed 
system design). 

The results of general design can be represented as a network of components – a 
directed graph of arbitrary complexity. The presence of fatal cycles in this reflects the 
complexity of the design process. Goos calls the principle of structuring systems in the 
form of a partial ordered set of layers (including a tree-like or linear structure) 
hierarchical beautification and indicates that its application allows you to divide the 
system into components in such a way that a picture of their interconnections is 
obtained and the contribution of each component to solving the general problem of the 
system is clearly determined. Each layer can be implemented by a specific abstract 
machine, the sequence of which forms a system, and each next (lower) layer provides 
all the necessary tools for the implementation of the previous (higher) layer, and the 
last layer implements an abstract machine, which is identical to the base system. 
Programming language is defined for each level of abstraction that provides access to 
all the functions of an abstract machine of a given level. 

Goos considers hierarchical design as a means of engineering software development 
and production. The main assumption of the author is that operations and data structures 
which are present at the Ai+1 level, but are absent at the Ai level, cannot be used by 
programs running at the Ai level. This assumption provides the possibility of using 
hierarchical ordering as well as testing and debugging tools [1, p. 44-45]. 

Corresponding lecture program results of training according to 2018 Standard: 
PR05 – to know and apply appropriate mathematical concepts, domain methods, 

system and object-oriented analysis and mathematical modeling for software 
development; 

PR07 – to know and put into practice the fundamental concepts, paradigms and basic 
principles of the functioning of the linguistic, instrumental and computational tools of 
software engineering; 

PR17 – to be able to apply the methods of component software development. 
From an engineering point of view Goos examined how programming languages 

affect the program development process and its properties in the second lecture 
“Language Characteristics: Programming Languages as a Tool in Writing System 
Software”. 

Just as natural language affects the thinking of the person who uses it, programming 
language influences its user at least with respect to the following: 

─ The conceptual understanding how a problem can be solved by computer 
─ The range of problems which can be attacked by programming 
─ The set of basic notions available for programming 
─ The style of programming (clarity, robustness, readability etc.) 
─ The meaning of “portability” 
─ The meaning of “efficiency” 
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The lecture established a correspondence between the properties of the languages and 
the properties of the programs described by them, and defined some characteristics of 
“good” programming languages, the main of which is to encourage the programmer to 
write correctly (from an engineering point of view) the designed programs. The author 
paid special attention to the characteristics of high-level system programming 
languages. Goos primarily refers the means of improving the quality of system software 
engineering (creating “good” programs) to structural programming tools (in particular, 
modularity), hierarchical ordering, the use of nesting and visibility, as well as parallel 
execution. 

Corresponding lecture program results of training according to 2018 Standard: 
PR06 – the ability to choose and use the appropriate methodology for creating 

software; 
PR07 – to know and put into practice the fundamental concepts, paradigms and basic 

principles of the functioning of the linguistic, instrumental and computational tools of 
software engineering; 

PR15 – motivated to choose programming languages and development technologies 
for solving problems of creating and maintaining software; 

The third lecture of the second section “Low Level Languages: Summary of a 
Discussion Session” is a synthesis of round table materials prepared by M. Griffiths 
(France), in which F. L. Bauer, G. Goos, M. Griffiths, and other SE experts participated. 
Answering the question of why creating a new low-level programming language, the 
panelists indicate that existing machine languages (assemblers) do not provide support 
for efficient memory allocation and compliance with the programming style, which 
aims to increase the reliability of software. The discussion participants set the following 
requirements for new low-level programming languages: the availability of flow 
control tools (cyclic and conditional statements), support for modularity (at least at the 
procedure level with parameter passing), data structures (with the possibility of type 
conversion, indexing, address arithmetic). Moreover, such languages can be either 
machine-oriented or problem-oriented (such as Forth). 

It was proposed to measure the effectiveness of low-level programming languages 
by three indicators: the complexity of the programmer’s labor, computer time, and 
memory capacity. The panelists noted regarding the programming style the vital role of 
training future system programmers using appropriate tools and a good programming 
style. At the time of the course, the discussion participants considered a successful 
example of a low-level language that meets these requirements, namely a language that 
was used to develop the MULTICS – PL / I operating system, more precisely, its early 
EPL dialect, which significantly influenced the design of the programming language, 
and today it is a reference implementation of the concept developed during the 
discussion – C. 

Corresponding lecture program results of training according to 2018 Standard: 
PR06 – the ability to choose and use the appropriate methodology for creating 

software; 
PR07 – to know and put into practice the fundamental concepts, paradigms and basic 

principles of the functioning of the linguistic, instrumental and computational tools of 
software engineering; 
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PR15 – motivated to choose programming languages and development technologies 
for solving problems of creating and maintaining software; 

The fourth lecture “Relationship Between Definition and Implementation of a 
Language” is related to the main area of M. Griffiths research – the development of 
compilers: “The non-specialist sometimes accuses both computer scientists and 
software engineers of spending all their time on discussions about languages, to the 
detriment of all the ‘real’ problems. Whilst this accusation is net without foundation, it 
must be clearly understood that language is central to the whole problem of software 
engineering. If we cannot supply powerful, well-defined, understandable languages 
with corresponding, economic implementations on existing computing equipment, then 
the programmer can hardly be expected to express himself in a way which will permit 
us to use the term which is the theme of this school.” [1, p. 77]. The lecture discussed 
the impact of language definition on the programs written in the language and on the 
methods used to execute these programs in the computer. 

The author identifies three points of view on the definition of language: 1) the user 
point of view, which focuses on the task, and not on the features of the language 
description (language description as a guide); 2) the compiler developer point of view, 
which seeks to implement all the language described features, even those that very little 
will be used (language description as scripture); 3) the researcher point of view, for 
whom the language description is a complete, formal, mathematically correct set of 
statements that reflect traditional mathematical principles of minimizing the 
interconnected axioms number. 

According to the author, the main thing in determining the language is the absence 
of side effects. He distinguishes two components of semantics for this purpose: static 
semantics is a part of a programming language semantics that is independent of 
program execution and determined at compile time (such as the relationship between 
the use of an identifier and its announcement); dynamic semantics takes into account 
real object manipulations and their values when program execution. 

The leading is the grammatical approach in determining the language syntax, 
particularly using LL (1)-grammars to implement context-free languages. M. Griffiths 
gave a range of examples which demonstrates the influence of the method of 
determining the language on its implementation, showing that the ease, safety, and 
efficiency of the language implementation directly depends on its definition: “It is this 
idea which prompts us to suggest that the definition of a language should foresee its 
implementation, and that the implementation should be strongly directed from the very 
start. There is here a parallel with the architecture of computer hardware, which is likely 
improve conceptually each time the hardware engineer works close enough to the 
software engineer and hence considers the use to which the machine may be put. The 
use to which a language definition is put is in the first instance the implementation, We 
consider, therefore, that a language definition should be in terms of an idealised 
implementation, or at least be accompanied by an “implementers’ guide” [1, pp. 99–
100]. 

The following methods for determining the language are discussed in the lecture: 
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─ two-level grammar (a formal grammar that is used to generate another formal 
grammar), such as the Van Wijngaarden grammar for Algol 68 in conjunction with 
a stylized natural language description of a program interpretation on a hypothetical 
computer; 

─ Vienna Definitions (Vienna Definition Language – VDL), today, it is better known 
as the Vienna Development Method (VDM) – a set of technologies for modeling 
systems, analyzing created models and moving to detailed design and 
programming), which used operational (connotative) semantics that is a way of 
describing a language using sequences of calculation steps, and it is very closely 
connected with the implementation of the system in a programming language, since 
the calculation steps are described in the language of some computer; 

─ expanding languages that consisting of a relatively simple but self-sufficient base 
language, which itself contains extension mechanisms that make it possible to define 
new operators or data types. 

Corresponding lecture program results of training according to 2018 Standard: 
PR05 – to know and apply appropriate mathematical concepts, domain methods, 

system and object-oriented analysis and mathematical modeling for software 
development; 

PR07 – to know and put into practice the fundamental concepts, paradigms and basic 
principles of the functioning of the linguistic, instrumental and computational tools of 
software engineering; 

PR12 – to put into practice efficient approaches to software design; 
PR13 – to know and apply methods for developing algorithms, designing software 

for data structures and knowledge. 
The last lecture in the second section “Concurrency in software systems”, written by 

J. B. Dennis, focuses on large modular programs such as operating systems, compilers, 
or real-time control programs, many interacting parts or modules. Due to the size of 
these, programs, it is essential that the parts be represented in such a way that the 
descriptions of the parts are independent of the pattern in which they are interconnected 
to form the whole system, and so the behavior of each part is unambiguous and correctly 
understood regardless of the situation in which it is used. For this to be possible, all 
interactions between system parts must be through explicit points of communication 
established by the designer of each part. If two parts of a system are independently 
designed, then the timing of events within one part can only be constrained with respect 
to events in the other part as a result of interaction between the two parts. So long as no 
interaction takes place, events in two parts of a system may proceed concurrently and 
with no definite time relationship among them. Imposing a time relation on independent 
actions of separate parts of a system is a common source of overspecification. The result 
is a system that is more difficult to comprehend, troublesome to alter, and incorporates 
unnecessary delays that may reduce performance. This reasoning shows that the notions 
of concurrency and asynchronous operation are fundamental aspects of software 
systems. According to Dennis, such considerations show that the concept of parallelism 
and asynchronous operation are fundamental aspects of software systems. 



44 

 

The lecture discusses system models presented as sets of simultaneously acting 
subsystems interacting with each other through certain communication mechanisms. 
The author shows that if the interaction between the subsystems is subject to certain 
environmental conditions, the determinism of the subsystems guarantees the 
determinism of the entire system (the ability to give the same results for different 
launches with the same input data). Such system description is performed using Petri 
nets: the lecture ends with an example of their application to systems with parallel 
processes that interact by means of semaphores, using the synchronization primitives P 
and V by Edsger Wybe Dijkstra. 

Corresponding lecture program results of training according to 2018 Standard: 
PR05 – to know and apply appropriate mathematical concepts, domain methods, 

system and object-oriented analysis and mathematical modeling for software 
development; 

PR07 – to know and put into practice the fundamental concepts, paradigms and basic 
principles of the functioning of the linguistic, instrumental and computational tools of 
software engineering. 

The third section “Techniques” contained four lectures. In the first lecture 
“Modularity” J. B. Dennis deepens the discussion of modularity concept that begun in 
the previous lecture, which is closely related to structural programming as a property 
of computer systems: “A computer system has modularity if the linguistic level defined 
by the computer system meets these conditions: Associated with the linguistic level is 
a class of objects that are the units of program representation. These objects are program 
modules. The linguistic level must provide a means of combining program modules 
into larger program modules without requiring changes to any of the component 
modules. Further, the meaning of a program module must be independent of the context 
in which it is used” [1, p. 130]. 

Dennis considers modularity both in the context of the previous lecture (competition 
with communication) and in the procedural context, when one module calls another 
with a certain input data set, eventually obtaining the result. The lecture considers issues 
arising in the construction of software modules that require the ability to create, expand 
and modify structured data. It is concluded that in order to achieve modularity, a 
computer system must determine a linguistic level that provides an appropriate basic 
representation for structured data: 1) any data structure may occur as a component of 
another data structure; 2) any data structure may be passed (by reference) to or from a 
program module as an actual parameter. 3) a program module may build data structures 
of arbitrary complexity. At this level, the memory should be addressed not by elements 
of a predetermined length, but by data structures. The author considers the main 
memory size of the computer system to be the main limitation on the module size, and 
virtualization is the way to overcome it. 

Significant support for modularity can come from a correctly designed operating 
system – for example, the author gives unique characteristics of Multics that contribute 
to the implementation of the concept under discussion: 

1. A large virtual address space (approximately 230 elements) is provided for each user. 
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2. All user information is accessed through his virtual address space. No separate 
access mechanism is provided for particular sorts of data such as files. 

3. Any procedure activation can acquire an amount of working space limited only by 
the number of free segments in the user’s address space. 

4. Any procedure may be shared by many processes without the need of making copies. 
5.  Every procedure written in standard Multics user languages (FORTRAN, PL/I and 

others) may be activated multiply through recursion or concurrency. 
6. A common target representation is used by the compilers of two major source 

languages – PL/I and FORTRAN. 

These achievements are Multics major contributions toward simplifying the design and 
implementation of large software systems. They were made possible by building the 
Multics software on a machine expressly organized for the realization of a large virtual 
memory and shared access to data and procedure segments [1, p. 161]. 

The last part of the lecture informally presents semantic concepts of the linguistic 
level (common basic language), which can serve for the general presentation of 
program modules expressed by various programming languages. 

Corresponding lecture program results of training according to 2018 Standard: 
PR06 – the ability to choose and use the appropriate methodology for creating 

software; 
PR07 – to know and put into practice the fundamental concepts, paradigms and basic 

principles of the functioning of the linguistic, instrumental and computational tools of 
software engineering; 

PR15 – motivated to choose programming languages and development technologies 
for solving problems of creating and maintaining software; 

PR17 – to be able to apply the methods of component software development. 
The second lecture “Portability and Adaptabilty” by Peter Cyril Poole (1931 – 2017) 

and William M. Waite (circa 1936) begins with the definition of portability as measure 
of the ease with which a program can be transferred from one environment to another, 
and adaptability as measure of the ease with which a program can be altered to fit 
differing user images and system constraints. The major distinction between the two 
concepts is that adaptability is concerned with changes in the structure of the algorithm, 
whereas portability is concerned with changes in the environment. 

The main way to increase program mobility is to use high-level languages, provided 
that: 

─ the basic operations and data types required by the problem are available in the 
chosen language; 

─ the chosen language has a standard definition, and this standard definition is widely 
implemented; 

─ care is taken to avoid constructions which are accepted in the local dialect, but 
prohibited by the standard [1, p. 187]. 

Another way is to use abstract machines on which the mobile program will run.  In this 
case, compilation from a high-level language is first performed on the abstract machine 
language (such as UNCOL – Universal Computer Oriented Language), which must 
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necessarily support at least integers and integer arithmetic, comparison and relational 
operations, symbolic input and output, as well as real numbers and real arithmetic, 
strings (connection, substring selection, lexicographic comparison), input and output of 
memory images, labels and means of control transfer, declarations, arrays and records, 
conditional and cyclic operators, procedures and blocks. At the end of the lecture, the 
authors built abstract machines hierarchy that provide mobility and adaptability and 
level out some of the disadvantages of UNCOL. 

Corresponding lecture program results of training according to 2018 Standard: 
PR05 – to know and apply appropriate mathematical concepts, domain methods, 

system and object-oriented analysis and mathematical modeling for software 
development; 

PR07 – to know and put into practice the fundamental concepts, paradigms and basic 
principles of the functioning of the linguistic, instrumental and computational tools of 
software engineering; 

PR13 – to know and apply methods for developing algorithms, designing software 
for data structures and knowledge; 

PR15 – motivated to choose programming languages and development technologies 
for solving problems of creating and maintaining software. 

At the beginning of the third lecture “Debugging and Testing”, P. C. Poole points 
out that proof of program correctness by formal methods (such as VDM) is too long to 
find errors, so a good software engineer should plan the testing and debugging phase 
[1, p. 279] (moreover, testing in no case does not show the absence of errors – only 
their presence). The standards of software documentation which are discussed in a 
separate lecture, and the “readability” of program code is played an important role in 
this, in particular, the presence of meaningful comments is useful for debugging and 
indispensable for maintaining and improving software. The program code must be 
accompanied by benchmarks and data that must be changed with the code. 

Poole introduced the concept of “guard code” is the use of logical expressions to 
limit computation options [1, p. 287], which he suggests actively using in conjunction 
with the “principle of exceptional suspicion”, which consists in the fact that the module 
should not use any data transmitted to it through the interface without first checking its 
compliance with the interface specification. 

The main methods for fixing at that time were analysis of posthumous dumps, 
debugging output, direct and reverse tracing of the program code part, compilation with 
the inclusion of data for debugging, code documentation (reformatting the text in order 
to highlight the structural elements of the code, creating tables containing all 
procedures, labels and announcements, creating an index of procedure calls, following 
labels and variable references, visualizing control flows, etc.). The author considers the 
interactive setup managed by the user as a promising tool (online debugging). 

Corresponding lecture program results of training according to 2018 Standard: 
PR14 – to apply in practice the software tools for domain analysis, design, testing, 

visualization, measurement and documenting of software; 
PR19 – to know and be able to apply software verification and validation methods; 
PR20 – to know the approaches for evaluating and ensuring the quality of software. 
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Dionysios C. Tsichritzis (born 1943) considers the design and construction of 
reliable software in the last lecture of the section “Reliability”. The author begins the 
review with the remarks of E. V. Dijkstra “Testing can show the presence of errors and 
not their absence” and B. Randell “Reliability is not an add-on feature”, emphasizing 
the main idea of SE is to provide means that will enable the individual medium ability 
to create quality software [1, pp. 319-320]. 

Tsichritzis postulates a number of provisions that affect the reliability of software 
development: 

1. different programming languages prompt programmers to various types of errors, 
which he calls characteristical; 

2. the compiler must identify semantic inconsistencies in the programs text; 
3. programming style in particular: 

 using appropriate variable names and structuring program code; 
 the use of methods such as cross-checking, checking ranges of variable values, 

checking the consistency of data changes, observing the uniqueness of names, 
phased data processing, including error codes in the results; 

4. the impact of protection (a managed software environment with clearly defined rules 
and restrictions) by diagnosing errors as a violation of protection and isolating errors 
in the modules in which they took place; 

5. proof of the program correctness by informal (by introducing checks on the values 
of input, intermediate, and output variables) and by formal (for example, by 
calculating first-order predicates) methods; 

6. program design aimed at improving reliability: 

 structuring a program to facilitate testing; 
 informal verification of the some program parts logical correctness; 
 application of synchronization and process interaction tools; 
 using a hierarchy of abstract machines; 

7. ensuring reliability during program operation by: 

 data integrity using partial or full memory dumps; 
 duplication of key data in different repositories; 
 accounting for hardware failures; 
 availability of program resumption to minimize the failures impact. 

Discussing ways to protect the system as a whole, processes and user data, Tsichritzis 
introduces the concepts of domain (active and potentially aggressive entity) and object 
(passive and potentially vulnerable entity), giving examples of their implementation 
through processes and files. At the virtual machine abstraction level, reliability 
violations are a violation by the user of the operation of their own virtual machine or 
virtual machines of other users. The author uses a matrix apparatus for allocating 
resources between parallel processes in conditions of a lack of resources to describe 
this process. The author offers randomly generated names of synchronization objects 
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(magnum – magic numbers) among the methods used to this day. The lecture discusses 
in detail the data protection mechanisms in file systems that should be implemented in 
the kernel of the operating system. 

The author interprets the concept of data security (information security, data security 
or cybersecurity) as controlling access to privileged data stored in large scalable data 
banks in three categories [1, p. 357]: 

1. information privacy involves issues of law, ethics and judgment controlling the 
access of information by individuals; 

2. information confidentiality involves rules of access to data; 
3. information security involves the means and mechanisms to ensure that privacy 

decisions are enforceable. 

Tsichritzis distinguishes between protection and data security in the following way: 
protection concerns only access control to data in the operating system without taking 
into account the nature of data, and for information security tasks the information 
system is considered as a whole, and not just a computer-based system. The active 
elements of the information system are people, and the nature and content of the data 
are taken into account when providing access to them. That is why the author considers 
examples of information security tasks not on file systems, but on database 
management systems. 

The author considers the following important tasks of information security: 

a. at the login level: user identification, authentication, monitoring of resource use; 
b. at the file system level: determining available files, user identification, password-

controlled file properties, cryptographic protection; 
c. at the data protection level: data separation of various users, data integrity, 

backup, reliable deletion of protected data; 
d. restrictions on use (in particular, forced logout due to non-standard actions). 

Corresponding lecture program results of training according to 2018 Standard: 
PR05 – to know and apply appropriate mathematical concepts, domain methods, 

system and object-oriented analysis and mathematical modeling for software 
development; 

PR06 – the ability to choose and use the appropriate methodology for creating 
software; 

PR07 – to know and put into practice the fundamental concepts, paradigms and basic 
principles of the functioning of the linguistic, instrumental and computational tools of 
software engineering; 

PR08 – to be able to develop a human-machine interface; 
PR11 – to choose the source data for design, guided by formal methods for 

describing requirements and modeling; 
PR14 – to apply in practice the software tools for domain analysis, design, testing, 

visualization, measurement and documenting of software; 
PR18 – to know and be able to apply information technology for processing, storage 

and data transfer; 
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PR19 – to know and be able to apply software verification and validation methods; 
PR20 – to know the approaches for evaluating and ensuring the quality of software; 
PR21 – to know, analyze, choose, and skillfully apply information security 

(including cybersecurity) means and data integrity in accordance with the tasks being 
solved and the software systems being created. 

The fourth section “Practical aspects” is the largest in the entire course and includes 
six lectures. D. Tsichritzis formulates the general goal of software project management 
in the first lecture of “Project management” that is “production of the desired product 
for specific design goals, specifications and available resources” [1, p. 375]. To achieve 
this goal the author suggests setting up developer communications (through the use of 
common documentation, frequent informal communication and regular meetings of 
small development groups), organizing developers (by identifying a person who has a 
systematic view of the project, attracting developers to other components of the project 
and reducing management formalism) and set control points. 

Among the software project development tools Tsichritzis pays special attention to 
information system modeling tools (for example, Petri nets are such a tool for 
describing parallel processes) and computer-aided design software systems, some of 
which (such as Project LOGOS) are significantly ahead of their time. The main 
difference between small and large software projects, in his opinion, is the number of 
management levels: there should be at least two of them. The issues of reducing the 
time for implementing software projects and requirements for managers of large 
projects are discussed at the end of the lecture. 

Corresponding lecture program results of training according to 2018 Standard: 
PR03 – to know the main processes, phases and iterations of the software life cycle; 
PR04 – to know and apply professional standards and other normative legal 

documents in the field of software engineering; 
PR05 – to know and apply appropriate mathematical concepts, domain methods, 

system and object-oriented analysis and mathematical modeling for software 
development; 

PR11 – to choose the source data for design, guided by formal methods for 
describing requirements and modeling; 

PR12 – to put into practice efficient approaches to software design; 
PR14 – to apply in practice the software tools for domain analysis, design, testing, 

visualization, measurement and documenting of software; 
PR16 – to have the skills of team development, coordination, design and release of 

all program documentation types; 
PR18 – to know and be able to apply information technology for processing, storage 

and data transfer; 
PR22 – to know and be able to apply methods and means of project management; 
PR23 – to be able to document and present the results of software development. 
In the second lecture of the section “Documentation”, G. Goos poses 8 questions 

that various types of documentation should answer (Table 2) [1, p. 386]. 
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Table 2. Types of documentation (by G. Goos) 

Questions user’s 
guide 

conceptual 
description 

design 
documentation 

product 
documentation 

How to use a program?     
What is the state of the project?     
What are the overall 
specifications of the project? 

    

Which models are used to 
subdivide the program and to 
interface different modules? 

    

Which basic models are used for 
the modules? 

    

Flow of control and flow of data 
through the program 

    

Detailed description of data.     
What is the meaning of the error-
messages? 

    

 
Short but comprehensive answers to these questions are one of the conditions for the 

success of the project – “if programmers cannot get a clear understanding how their 
work is related to the work of others they must fail because they usually start from 
wrong assumptions about their environment” [1, p. 387]. 

Creating a user manual (introductory manual, reference manual and operator's guide) 
starts first and ends last. The Introductory manual not only describes the standard ways 
of using the program, serving as a kind of “program cookbook”, but also is the basis 
for its advertising and sale. 

The conceptual description is developed during the project as its general description, 
the project documentation describes the current state of the project at the design phase 
and is the basis for the design phase, and the product documentation (including with 
the program text) describes the current state of the project at the design and maintenance 
phases. Inclusion in the final program text is necessary for cross-referencing interface 
modules, data, and algorithms. 

Keeping documentation up-to-date is an important task for which Goos suggests 
using distributed text-based documentation systems with timestamp support. 

Corresponding lecture program results of training according to 2018 Standard: 
PR04 – to know and apply professional standards and other normative legal 

documents in the field of software engineering; 
PR14 – to apply in practice the software tools for domain analysis, design, testing, 

visualization, measurement and documenting of software; 
PR16 – to have the skills of team development, coordination, design and release of 

all program documentation types; 
PR23 – to be able to document and present the results of software development; 
PR24 – to be able to calculate the cost-effectiveness of software systems. 
The third lecture “Performance Prediction” is one of the largest in the section. Its 

author Robert M. Graham (born 1929) was one of the first experts in the field of 
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cybersecurity. He was responsible for security mechanisms, dynamic linking, and other 
key components of the operating system kernel in the Multics project. 

Using the operating systems design and development as an example, the author 
offers criteria and methods for evaluating the performance of software systems, and 
also analyzes the impact of these scopes on software development and implementation 
processes. In this context, the author considers performance as the efficiency of using 
system resources when realizing software goals. The author emphasizes the importance 
of modeling systems to assess their efficiency and productivity. According to the 
author, the model of a software system reflects the relationship between the variables 
of this system to varying degrees. The model complexity is directly related to the system 
complexity and the ways to use it. For simple systems, the model will be so simple that 
it can exist only in the designer imagination. Due to increase of complexity, there is a 
need to reflect the system model in some exact and formal way. Graham notes that a 
complete, detailed description of a system, for example, its program code, is also 
actually the model. As a rule such a model is not useful, because it contains a large 
amount of redundant information and does not clearly demonstrate the relationship 
between the main variables: “A model is an abstraction containing only the significant 
variables and relations. Hence, it is usually much simpler than the system which it 
models. How much simpler will depend heavily on the expected use of the model and 
the precision desired in the results of its use” [1, p. 404]. 

Conceptually, a model is a function or a set of functions in which the system 
parameters used to characterize system performance are expressed as functions of the 
main variables of the system. The author emphasizes that “the performance of a system 
is not a constant number, rather it is a function, or several functions, whose values 
depend on the input. In order to characterize the performance of a given system we have 
to express these functions and this expression is a model of the system” [1, p. 404]. 

Thus, an important component of the professional training of specialists in software 
engineering is the mastery of the methods and means of formal description of software 
system models. 

The author identifies two basic types of models: analytical and logical. The 
analytical model does not reflect the system structure. Actually, it is a set of 
mathematical equations which express the relations which exist between the basic 
system variables and the performance parameter. These equations are then solved for 
the dependent variables, that is, for the performance parameters. After solving these 
equations the system’s performance is completely known since graphs of the 
performance parameters can be plotted from the resulting mathematical expressions. 
On other hand a logical model mirrors closely the structure of the system being 
modeled. It is important to obtain accurate expressions for evaluating performance from 
this model. However, a logical model often includes mathematical equations which 
express some of the relations between variables. 

Graham provides a description of processor time planning algorithms in operating 
systems as an example of the analytical model implementation. The author emphasizes 
the stochastic nature of such a model, but anticipating certain ranges of variables values 
in the system and the probability of these values, we can evaluate the expected 
performance of the system. 
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According to the author, one of the simplest and most obvious logical system model 
is its representation in the form of a directed graph. Examples of such graphs are 
flowcharts. In the general case, such a graph nodes are certain system states (variables 
values), and arcs are the processes or actions that are necessary for the transition from 
one state to another. We get the opportunity to evaluate and measure system 
performance by evaluating the time or other resources needed for such transitions. 

Graham pays particular attention to simulation models as the most general and 
flexible way to evaluate the performance of software systems and demonstrates the use 
of these models in the operating systems design. 

Among the problems that arise in the development of performance models, Graham 
underlines the model adequacy, the characterization of the tasks or desired system 
properties, and the simulation results interpretation. The author suggests using 
specialized modeling languages to describe the models, which should contain the ability 
to describe classes and their attributes, activities and events, as well as support queues, 
various probability distributions, and tools for collecting and analyzing data. The 
fundamental nature of this approach is emphasized by the fact that with the 4 general-
purpose modeling languages that the author mentions – GPSS, SIMSCRIPT, SIMULA 
and CSL – only CSL is currently obsolete. Simula 67 became the basis for the 
development of C ++ and Java, and the latest versions of aGPSS (1.30) and 
SIMSCRIPT III (Release 5.0) which is generally date from 2019. 

Special-purpose modeling languages are modeling languages of operating systems, 
both existing and those that have not yet been created. Simulation systems for these 
languages contain information about the hardware and language constructs for its 
description. The third lecture of the section ends with examples of such languages use. 

Corresponding lecture program results of training according to 2018 Standard: 
PR05 – to know and apply appropriate mathematical concepts, domain methods, 

system and object-oriented analysis and mathematical modeling for software 
development; 

PR07 – to know and put into practice the fundamental concepts, paradigms and basic 
principles of the functioning of the linguistic, instrumental and computational tools of 
software engineering; 

PR10 – to conduct a pre-design survey of the subject area, a system analysis of the 
design object; 

PR14 – to apply in practice the software tools for domain analysis, design, testing, 
visualization, measurement and documenting of software; 

PR20 – to know the approaches for evaluating and ensuring the quality of software. 
The fourth lecture “Performance measurements” by Calvin Carl “Kelly” Gotlieb 

(1921 – 2016) has been called the “Father of Computing” in Canada – in 1948 he was 
part of the first team in Canada to build computers and to provide computing services, 
and in 1950, he created the first university course on computing in Canada. Gradually, 
his interests shifted towards the socio-economic consequences of ICT use, which led to 
his authorship and the chapter on the economics of software engineering. 

C. C. Gotlieb indicates that performance measurements are needed when: 

─ installing a new computing system; 
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─ changing the configuration or “tuning’ it to improve throughput; 
─ comparing systems to determine technological improvements, economies of scale 

and cost/benefit ratios. 

The author refers to measuring performance methods: 

1. Establishment of quality indicators (figures of merit) based on the rating (weight) of 
system components, in particular – empirical Grossch’s law in 1953, formulated by 
Herbert Reuben John Grossch (1918 – 2010): “giving added economy only as the 
square root of the increase in speed-that is, to do a calculation ten times as cheaply 
you must do it one hundred times as fast” [3, p. 310]. Gotlieb points out that value 
should be the common indicator of productivity, formulating Grosch’s law as 

ܥ =  ,ܧ√ܭ

where ܥ is the cost, ܭ is a constant, ܧ is the effectiveness measured in speed, 
throughput etc. Thus, productivity is proportional to the square of the cost. 

The author proposes for a more accurate assessment to determine the system 
performance by linking attributes number with each characteristic of the system, 
taking into account the weight of each attribute determined by the expert assessment 
method. The overall performance metric is calculated as a weighted sum of 
characteristics. 

2. Launching a set of “kernel”, “benchmark” or synthetic tasks. By “core” (kernel) the 
author understood a general-purpose benchmark program, for each component of 
which the necessary measurements (runtime, etc.) were made. Then the performance 
of two computer systems was compared one relative to the other by launching a 
“kernel” on each of them. A “benchmark” program is a special program designed to 
evaluate performance (performance test). Performance measurement was a side 
effect in the “kernel”, but it is the main purpose for a “benchmark” program. 
Synthetic programs are designed to comprehensively check the stability of the 
system in normal and forced modes. Today, all these types of tasks are considered 
as a component of performance test (benchmarking). 

3. Observing and measuring using hardware and software monitors at three levels: 

 the number of program calls, the estimated time to complete the task, the time 
spent on for completing of the task stages, the selected parameters of the 
execution time, kernel utilization, reading and writing, printing, rotation time, 
selected priorities, cost, diagnostics called at the system level is measured at the 
user tasks level; 

 the resource distribution, the channels and input/output operations activity, the 
task queues and system queues length, service time, etc. are measured at the 
system level; 

 the traffic and task flows, service utilization, resource allocation, operator actions 
and interventions, user requests, requests and complaints, expense and income 
statistics are measured at the hardware level. 
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4. Analytical or simulation modeling of the systems. 

The last method is perhaps the only tools available at the software design stage when a 
preliminary performance assessment is performed. The first three methods are more 
often used to evaluate existing systems and alternative configurations. 

Corresponding lecture program results of training according to 2018 Standard: 
PR05 – to know and apply appropriate mathematical concepts, domain methods, 

system and object-oriented analysis and mathematical modeling for software 
development; 

PR19 – to know and be able to apply software verification and validation methods; 
PR20 – to know the approaches for evaluating and ensuring the quality of software. 
In the fifth lecture of “Pricing mechanisms” section by C. C. Gotlieb shows that 

pricing serves an important role in allocating service resources and rationalizing 
planning. Price levels are determined by costs, but also by policy considerations. The 
different methods of setting levels, along with some of the resulting implications and 
requirements are examined in the lecture. 

The author refers to the main cost components as salaries (specialists in 
management, operational, applications, development) and fringe benefits (pension, 
insurance, health plan contributions etc.), equipment (purchase or rental payments, 
maintenance, communication costs, office equipment), supplies (cards, paper, tapes, 
documentation), software (purchased, leased, developed in-house), site (space, 
preparation costs, utilities), overhead (use of purchasing and maintenance services, 
library), miscellaneous (travel, advertising, user manuals, etc.). 

The author analyzes the computer services market, which was formed at that time, 
and offers examples of various pricing models. 

Corresponding lecture program results of training according to 2018 Standard: 
PR18 – to know and be able to apply information technology for processing, storage 

and data transfer; 
PR24 – to be able to calculate the cost-effectiveness of software systems. 
Hans Jørgen Helms (1931–2010) was one of the co-chairs of the 1968 NATO 

conference program committee and the author of the last lecture in the section 
“Evaluation in the Computing Center Environment”, which completes the course. In 
1965-1974 he was one of the leading employees of the first Scandinavian 
supercomputer center – Northern Europe University Computing Center at Technical 
University of Denmark. Working since 1974 as part of the European Commission, he 
headed the Joint Research Center of the Science, Research and Development 
Directorate, which he left in 1995 as Director-General. 

Helms points out that this lecture relates not so much to software engineering as to 
the use of designed and developed programs to provide various services to various user 
groups. Therefore, the author refers to the computer center environment as a people 
community using the services of a particular computer system: an airline ticket agent 
uses a seat reservation system; typist uses a text editing system; bank teller uses an 
online accounting system; a manager uses a management information system; 
consulting engineer uses standard engineering programs from the terminal in his office; 
chemist develops programs to solve own research problems; a student solves tasks from 
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a computer science course; programmer develops programs for the customer, etc. [1, 
p. 504]. 

Computing Centre environment is a large, distributed user community that accesses 
the computing services of remote computers through network terminals. Based on the 
analysis, the author indicates the directions of the corresponding software optimization 
for various indicators (runtime, service time, etc.) in order to meet the needs of a 
growing number of users and avoid potential service “bottle-necks”. 

The author notes the commonality of university computer centers that provide 
services without considering their profitability with other providers of utilities, such as 
postal or transport. As was shown in [5], it was precisely such utility computing services 
that later transformed into cloud technologies [4]. 

Corresponding lecture program results of training according to 2018 Standard: 
PR08 – to be able to develop a human-machine interface; 
PR18 – to know and be able to apply information technology for processing, storage 

and data transfer; 
PR21 – to know, analyze, choose, and skillfully apply information security 

(including cybersecurity) means and data integrity in accordance with the tasks being 
solved and the software systems being created. 

3 Conclusions 

1. The first model of training in software engineering developed under the leadership 
of F. L. Bauer not only summarized existing experience of the early 1970s  of 
training various software engineering components but also systematized it into the 
relevant training components. Despite the almost fifty-year age of the course 
materials, a significant part of them became the fundamental foundation of software 
engineering, determined the further development of the corresponding theory and 
empirical generalization. 

2. The systematic nature (all sections and chapters are interconnected and cross-linked) 
and scalability (from a two-week intensive to preparing a bachelor's degree) of the 
proposed training program largely corresponds to the idea of designing evolutionary 
software. The analysis of the course content not only showed a number of problems 
regarding the relationship between the stable (fundamental) and rapidly changing 
(technological) components of the training content, but also provided an opportunity 
to identify the links between the training of a specialist in software engineering and 
training in computer science, computer engineering, cybersecurity, information 
systems and technology. 

3. The analysis of the ratio of the program results of training SE specialists according 
to F. L. Bauer model (1972) and 2018 Standard provided the opportunity to establish 
that: 
a. the ability to analyze, purposefully search and select information and reference 

resources and knowledge necessary for solving professional tasks, taking into 
account modern achievements of science and technology, should be formed in 
academic disciplines preceding professional practical disciplines of SE specialist 
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training and developed in the process of professional training and further 
professional activity; 

b. the acquisition of knowledge of professional ethics codes, understanding of the 
social significance and cultural aspects of software engineering and their 
observance in professional activities require separate focused work of the teacher 
and students both in a separate academic discipline and in the process of 
professional training; 

c. the fundamental core of SE specialist training should ensure that students achieve 
these leading learning outcomes: PR07 – to know and put into practice the 
fundamental concepts, paradigms and basic principles of the functioning of the 
linguistic, instrumental and computational tools of software engineering; PR05 – 
to know and apply appropriate mathematical concepts, domain methods, system 
and object-oriented analysis and mathematical modeling for software 
development; PR14 – to apply in practice the software tools for domain analysis, 
design, testing, visualization, measurement and documenting of software. The 
development of the relevant competencies of future SE specialists must be carried 
out in teaching all the disciplines of professional training; 

d. F. L. Bauer model (1972) paid insufficient attention to the engineering and socio-
economic foundations of the SE specialist professional activities, which are 
largely reflected in 2018 Standard. 

4. Prospects for further research include an analysis of the relationship between the 
content of the general professional competencies of the bachelor of SE according to 
2018 Standard and alternative domestic and foreign standards. 
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Abstract. One of the relevant current vectors of study in machine learning is the 
analysis of the application peculiarities for methods of solving a specific 
problem. We will study this issue on the example of methods of solving the 
clustering problem. Currently, we have a considerable number of learning 
algorithms which can be used for clustering. However, not all methods can be 
used for solving a specific task. The article describes the technology of empirical 
comparison of methods of clustering problem solving using WEKA free software 
for machine learning. Empirical comparison of data clustering methods was 
based on the results of a survey conducted among students majoring in Computer 
Sciences and dedicated to detecting signs of Internet addiction (IA) as 
behavioural disorder that occurs due to Internet misuse. Empirical comparison of 
Expectation Maximization, Farthest First and K-Means clustering algorithms 
together with the application of the WEKA machine learning system had the 
following results. It described the peculiarities of application of these methods in 
feature clustering. The authors developed data instances’ clustering models to 
detect signs of Internet addiction among students majoring in Computer Sciences. 
The study concludes that these methods may be applicable to development of 
models detecting respondent groups with signs of IA related disorders. 

Keywords: Empirical Comparison, Machine Learning, Clustering, Internet 
addiction (IA), IA detection, Internet disorders, Expectation Maximization, 
Farthest First, K-Means. 

1 Introduction 

One of research directions in machine learning is the empirical analysis of methods of 
solving a specific problem. Let us study this issue on the example of methods of solving 
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the clustering problem. Clustering methods are statistic methods of data analysis that 
enable people to group the given selection of data samples into clusters, classes, taxons 
depending on the value of their attributes; each of these groups has certain 
characteristics. The main idea is to use several clustering methods in order to carry out 
an empirical comparison study and determine which methods ensure the most optimal 
data grouping while solving a specific problem. 

Machine learning classifies clustering problems as problems for unsupervised 
learning. Currently, there is a considerable number of machine learning algorithms that 
can be used for clustering, for instance, Expectation Maximization, K-Means, 
Hierarchical Clustering etc. But not all of them are suitable for solving a specific 
problem. Data clustering algorithms differ by the cluster model type, the algorithm 
model type, the nesting hierarchy of clusters, the way of implementation depending on 
the data set etc. Because of this, there are also certain requirements to the data set 
parameters. 

Popular software products used in machine learning include TensorFlow, WEKA, 
MATLAB, MXNet, Torch, PyTorch, Microsoft Azure Machine Learning Studio and 
others. 

In this article, we use the WEKA (Waikato Environment for Knowledge Analysis) 
free machine learning software [19]. The free WEKA machine learning system gives 
direct access to the library of implemented algorithms written in Java. 

Analysis of contemporary studies and publications shows that the issue of analysis 
and selection of the machine learning method, which would be optimal for processing 
a concrete data set, is popular in the scientific circles. A considerable number of these 
studies is dedicated to the application of machine learning methods in the fields of 
healthcare and life safety. 

In their article A Performance Comparison of Machine Learning Classification 
Approaches for Robust Activity of Daily Living Recognition scientists Rida Ghafoor 
Hussain, Mustansar Ali Ghazanfar, Muhammad Awais Azam, Usman Naeem and 
Shafiq Ur Rehman studied the application of the machine learning classification 
methods to find ways to ensure independent daily living of people who have 
Alzheimer’s disease [7]. The idea of the study is to analyze the data registered by 
different equipment in order to determine the changes in a person’s behavior that are 
relevant for the daily life and social interaction. The paper gives a comparison of the 
efficiency levels of five machine learning classification techniques used for the 
recognition of a person’s activity (and his/her psychological status). Experimental 
findings show that compared to traditional methodologies, these approaches give better 
results in determining the activity of the person and his/her psychological and 
behavioral peculiarities. 

Jonas Krämer, Jonas Schreyögg and Reinhard Busse studied the speed and efficiency 
of medical aid provision using the databases of the Hospital ER [13]. Applying the 
Random forest algorithm, the authors developed the model based on the data about the 
patient’s provisional diagnosis. The use of the controlled machine learning method and 
model training based on the opinion of a specialized doctor allowed them to achieve 
high forecasting accuracy (96%) as well as the area under the receiver operating curve 
(>0.99). 
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Abdulhamit Subasi, Jasmin Kevric and M. Abdullah Canbaz developed a hybrid 
model of detecting epileptic fits using the Genetic Algorithm (GA) and Particle Swarm 
Optimization (PSO) to determine the optimal parameters of application of the Support 
Vector Machine (SVM) algorithm [17]. The hybrid algorithm that they suggested can 
demonstrate data set classification accuracy of up to 99.38%. 

A considerable number of papers appeared, which are dedicated to diagnosing 
Internet addiction (IA) and studying the mechanisms of this disorder among various 
social groups. The appearance and use of the Internet has many benefits. However, at 
the same time, disorders related to pathological use of the Internet are becoming a social 
as well as a psychological problem. Currently, we face an important psychological, 
sociocultural and educational issue of detection and prevention of certain pathologies 
and steady premorbid conditions (state before the disease) caused by inadequate 
Internet use. Cases of IA were first mentioned in 1995 and attracted considerable 
attention. Issues related to this one became the research subject of many scientists, 
including Lyudmyla Yuryeva and Tatyana Bolbot [10], Marharyta Derhach [4] and 
others. Internet Addiction Disorder (IAD) is also called Pathological Internet Use 
(PIU). The term “Internet Addiction” was first suggested by Ivan K. Goldberg in 1995. 
He describes net addiction as a specific pathology characterized by a wide spectrum of 
behavioral and impulse control disorders (lack of control, absence of voluntary 
regulation) [1]. In 1996 Goldberg made the first attempt to determine groups of 
behavioural and psychological signs and symptoms of IA [18], namely: tolerance; 
abstinence syndrome; difficulties in voluntary regulation of Internet-behaviour; 
increase of time and financial investments in things related to Internet or computer use; 
a shift of a person’s interests towards Internet-related activities; extensive Internet use 
that leads to maladjustment. In 1998 Kimberly S. Young defined IAD as an impulsive-
compulsive disorder, which has specific signs or addictions [20; 21]: cyber-sexual 
addiction, cyber-relationship addiction, net compulsions, information overload and 
computer addiction. IAD is not officially included into ICD-11 for Mortality and 
Morbidity Statistics (Version: 04/2019), however, in section 6C51 Gaming disorder the 
“Gaming disorder” is described as a “pattern of persistent or recurrent gaming 
behaviour (‘digital gaming’ or ‘video-gaming’), which may be online (i.e., over the 
Internet)” [8]. 

Even though the problem of IA is becoming more and more relevant, there are not 
enough scientific papers dedicated to the study of this issue with the help of machine 
learning methods. Let us look at some of them. On the basis of the Support Vector 
Machine algorithm, including the C-SVM and ν-SVM, and applying the Student’s t-
test to the data set of the survey conducted among 2,397 Chinese students, scientists 
Zonglin Di, Xiaoliang Gong, Jingyu Shi, Hosameldin O. A. Ahmed and Asoke K. 
Nandic proved the utility of using machine learning methods for detecting and 
forecasting the risk of IA [5]. Wen-Huai Hsieh, Dong-Her Shih, Po-Yuan Shih and 
Shih-Bin Lin suggested using the EMBAR protected system of web-services based on 
the ensemble classification methods and case-based reasoning to study the IA of the 
users and prevent the development of this disorder at the initial stages [6]. Hong-Ming 
Ji, Liang-Yu Chen and Tzu-Chien Hsiao are currently continuing their research, which 
aims to create an IA detector that would work in a real-time mode [9]. The authors 
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suggest studying this issue using an adapted system of continuous real-coded variables 
(XCSR), which determines the level of Internet addiction (high-risk and low-risk) on 
the basis of the information about the Internet users using the Chen Internet addiction 
scale (CIAS) or respiratory instantaneous frequency (IF) [9]. 

Thus, based on the above presented statement of the problem as well as taking into 
consideration the insufficient amount of research on the application of machine learning 
methods to IA diagnosing, we determine the aim of our research, which is to conduct 
an empirical comparison of clustering methods within the WEKA machine learning 
system in the course of studying the IA disorder among students majoring in Computer 
Sciences.  

2 Selection of methods and diagnostics 

Data regarding the spread and severity of IA among students majoring in Computer 
Sciences were received from an online survey, which used a questionnaire drafted with 
the help of Google Forms. 263 students majoring in Computer Sciences and coming 
from different oblasts of Ukraine participated in the experimental study. The data set is 
presented in the ARFF format and consists of 8 attributes (Fig. 1). The data set contains 
the fields described in Table 1. 

 
@relation answer_IA 
 
@attribute age numeric   
@attribute sex {female,male} 
@attribute 3 {no,undefined,yes} 
@attribute 4 {no,undefined,yes} 
@attribute 5 {no,undefined,yes} 
@attribute 6 {no,undefined,yes} 
@attribute 7 {no,undefined,yes} 
@attribute 8 {no,undefined,yes} 
 
@data 
18,male,yes,no,no,no,no,yes 
28,male,undefined,no,no,no,no,yes 
20,female,yes,yes,yes,no,no,no 
22,male,yes,no,no,no,no,no 
… 

Fig. 1. Data set on the state of IA among students majoring in Computer Sciences, presented in 
the ARFF format 

Cluster analysis is one of the tasks of database mining. Cluster analysis is a set of 
methods of multidimensional observations or objects classification, based on defining 
the concept of distance between the objects and their subsequent grouping (into 
clusters, taxons, classes). The selection of a concrete cluster analysis method depends 
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on the purpose of classification [12]. At the same time, one does not need a priori 
information about the population distribution. This approach is based on the following 
presuppositions: objects that have a certain number of similar (different) features group 
in one segment (cluster). The level of similarity (difference) between the objects that 
belong to one segment (cluster) must be higher than the level of their similarity with 
the objects that belong to other segments [12].  

Table 1. Data structure on the state of IA among students majoring in Computer Sciences. 

Attributes Сontents/Questions Type Statistics 
age Age of the student Numeric  Minimum 16 

Maximum 59 
Mean 19.756 
StdDev 6.806 

sex  Student’s sex Nominal Female 199 
Male 63 

3 Can’t imagine my life without the 
Internet 

Nominal yes 184 
undefined 39 
no 39 

4 When I cannot use the Internet I fell 
anxiety, irritation 

Nominal yes 81 
undefined 134 
no 47 

5 I like “surfing” the Net without a 
clearly defined purpose 

Nominal yes 121 
undefined 112  
no 29 

6 I can abstain from food, sleep, going 
to classes, if a have a chance to use 
the Internet for free 

Nominal yes 248 
undefined 7  
no 7 

7 I prefer meeting new people over the 
Internet rather than in real life 

Nominal yes 185 
undefined 37 
no 40 

8 I often feel that I’ve spent not enough 
time playing computer games over 
the Internet, I constantly wish to play 
longer 

Nominal yes 178 
undefined 61 
no 23 

 
Let us look at one of cluster analysis algorithms [12]. 
Output matrix: 

 X = ൭
xଵଵ ⋯ xଵ୬
⋮ ⋱ ⋮

x୫ଵ ⋯ x୫୬
൱. 

Let us move to the matrix of standardized Z values with elements: 

 z୧୨ =
୶౟ౠି୶തౠ
ୱౠ

; 

where j = 1, 2, …, n – index number, і = 1, 2, ... , m – observation number; 
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 xത୨ =
ଵ
୫
∑ x୧୨୫
୧ୀଵ ; 

 s୨ = ටଵ
୫
∑ (x୧୨ − xത୨)ଶ୫
୧ୀଵ = ට൫xన఩ଶ൯തതതതതത − (x఩ഥ)ଶ. 

There are several ways to define the distance between two observations zi and zv: 

1. weighted Euclidean distance, which is determined by the formula 

 ρ୆୉(z୧, z୴) = ඥ∑ w୪(z୧୪ − z୴୪)ଶ୬
୪ୀଵ ; 

where wl is the “weight” of index; 0<wl≤1; if wl=1 for all l = 1, 2, …, n, then we get the 
usual Euclidean distance 

 ρ୆୉(z୧, z୴) = ඥ∑ (z୧୪ − z୴୪)ଶ୬
୪ୀଵ ; 

2. Hamming distance: 

 ρBH(zi,zv) = ∑ |zi௟-zv௟|௡
௟ୀଵ ; 

in most cases this way of distance measuring gives the same result as the usual 
Euclidean distance, but in this case the influence of non-systemic large differences 
(runouts) decreases;  

3. Chebyshev distance: 

 ρBCH(zi,zv) = max
ଵஸ௟ஸ௡

|zi௟-zv௟|; 

it is best to apply this distance in order to determine the differences existing between 
the two objects using only one dimension;  

4. Mahalanobis distance: 

 ρBМ(zi,zv) = ඥ(ݖ௜ − ௜ݖ)௩)்ܵିଵݖ −  ,(௩ݖ

where S is covariance matrix; this distance measurement gives good results when 
applied to a concrete data group, but it does not work very well, if the covariance matrix 
is calculated for the whole data set; 

5. Distance between peaks: 

 ρBL(zi,zv) =
ଵ
௡
∑ |zi೗-zv೗|

zi೗+zv೗
௡
௟ୀଵ ; 

presupposes independence of random variables, which indicates the distance in the 
orthogonal space.  

It is best to choose from the above described distance measures after the 
consideration of the structure and characteristics of the data sample. 

Let us present the received measurements in the form of distance matrix: 
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 R =

⎝

⎜
⎛

0 ρଵଶ ρଵଷ … ρଵ୫
ρଶଵ 0 ρଶଷ … ρଶ୫…
ρ୧ଵ…
ρ୫ଵ

…
ρ୧ଶ…
ρ୫ଶ

…
ρ୧ଷ…
ρ୫ଷ

…
……
…

…
ρ୧୫…
0 ⎠

⎟
⎞

. 

As the R matrix is symmetric, i.e. ρiv=ρvi, we may confine ourselves to off-diagonal 
matrix elements. 

Using the distance matrix, we can implement the agglomerative hierarchic procedure 
of cluster analysis. Distances between clusters are determined as the closest or the 
farthest ones. In the first case, the distance between the clusters is the one between the 
closest elements of these clusters, in the second case, it is the one between the two 
farthermost located. The principle of the work of agglomerative hierarchic procedures 
lies in a consequent grouping of elements, starting from the ones closest to each other 
and those that are farther and farther apart. During the first step of the algorithm, every 
observation zі (i = 1, 2, ..., m) is viewed as a separate cluster. Then, during every next 
step of the work of the algorithm, two closest located clusters are grouped together and 
then once again the distance matrix is built, but its dimension decreases by one. The 
algorithm stops its work when all the observations are grouped into clusters. 

Let us look at the algorithms we used while clustering the data set regarding the state 
of IA disorder among students majoring in Computer Sciences: 

1. EM (Expectation Maximization)  

Determines the probability distribution for every object, which indicated its 
belongingness to each cluster. EM methods [11]: Maximum Likelihood Estimation 
(MLE) or Maximum a Posteriori (MAP). Description of the algorithm is shown in 
Fig. 2 [11]: at the E-stage (expectation) we calculate the estimated likelihood; at the M-
stage (Maximization) we calculate the maximum likelihood estimation, increasing the 
expected likelihood, calculated at the E-stage; its value is used for the E-stage at the 
next iteration. The algorithm is repeated until its convergence. 

 
Fig. 2. Description of how the algorithm ЕМ works from 10,000 feet [11]. 

2. K-Means algorithm 
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Aims to partition n observations into k clusters in such a way that each observation 
belongs to the cluster with the nearest mean value. The shortest distance between the 
observations and the nearest mean value may be calculated by minimizing the sum of 
squares of the distances [14] (Fig. 3). 

 
Fig. 3. K-Means algorithm [14]. 

3. Farthest First algorithm 

This is a modification of a K-Means algorithm, in which the initial selection of centroids 
is 2 and higher. Centroids are determined following the remoteness principle, i.e. the 
point farthest from the rest is selected first. The Farthest First algorithm is described in 
Fig. 4 [3]. 

 
Fig. 4. Farthest-first traversal of a data set [3]. Take the distance from a point x to a set S to be 

d(x, S) = miny∈S d(x, y) [3]. 

3 Results and Discussion 

To cluster data using the WEKA platform, we will use Weka.clusterers.EM, 
Weka.clusterers.SimpleKMeans and Weka.clusterers.FarthestFirst algorithms [19]. 

We check the application of clustering algorithms that can be assigned to two classes 
of clustering algorithms, i.e. distribution based (Expectation Maximization) and 
centroid-based (K-Means, Farthest First). Such selection is motivated by the fact these 
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algorithms have long been used to cluster different types of data in many fields and are 
considered to be effective. 

Dunn, DB, SD, СDbw and S_Dbw were selected as validity indices for testing [2; 
15; 16] (Table 2). In the CDbw index the distance from the point to multitude set in the 
course of selecting cluster element can be calculated in different ways. In this study, 
we use the sum of distances of already existing “representatives” of the cluster to each 
cluster element to calculate this distance. The element, on which the maximum was 
reached, was selected as the next “representative” of the cluster. 

Table 2. Optimal number of clusters, calculated with the help of quality indices.  

Index 
Algorithms 

Expectation Maximization k-Means Farthest First 
Dunn 3 6 6 
DB 3 6 4 
SD 3 3 3 
СDbw 3 3 3 
S_Dbw   3 5 4 

 
If the data set has no cluster structure, then such situation is not determined with the 

help of validity metrics. While using K-Means and Farthest First (Table 2) the numbers 
of clusters for the two algorithms that were selected as optimal by the majority of 
indices, can only nominally be defined as cluster structure. As the work of Expectation 
Maximization algorithm is based on determining the probability of evaluating 
maximum similarity, the indices calculated for this algorithm are more homogenous. 
The structure, which is characterized by a small number of clusters that also have to be 
compact and separable, is determined to be the best one. Judging by the results of 
evaluation of clustering using the validity indices, we may consider that k-Means and 
Farthest First algorithms are most likely to give worse clustering results than the 
Expectation Maximization algorithms. 

To cluster the data, we select training/testing using the percentage split option. As a 
data set for training (model building) we select 66% of data from the set. As a data set 
for testing we select 34% of data from the set. In addition, we select number of clusters 
“3” in algorithm settings. 

We received the following results:  

1. In the course of application of the EM clustering algorithm, according to the built 
clustering model based on the training data set, three clusters were determined, their 
characteristics are given in Table 3. 

Cluster 0 (63% of respondents): The average age of respondents in this cluster is 17. 
The group consists predominantly of women. The characteristic feature of the 
representatives of this group is that they are unable to imagine their life without the 
Internet. There are variations in the levels of anxiety and irritation, if there is no 
possibility to use the Internet. There are also varying opinions regarding the aimless 
use of the Internet. As for other attributes, disorders related to IA may be observed in 
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the insignificant number of respondents, who belong to this cluster. The behavioural 
model of the representatives of this cluster demonstrated Internet centration in the 
psychic reality of a personality, which is accordingly reflected in their activity and 
behavior, other life interests as well as significance of everyday activities lose their 
importance. The stated tendencies are linked to IA. 

Table 3. Model and evaluation on test split by EM algorithm.  

Attributes Indications 

Clusters 
0 
(0,63) 
112.1491 

1 
(0,13) 
24.7781   

2 
(0,24) 
44.0727 

age mean           17.4469 36.2459 19.2906 
std. dev. 1.5994   10.0785     2.243 

sex 
 

female 108.8714 16.0638 5.0648 
male 2.2778 7.7143 38.0079 

3 no 22.7034 3.1864 10.1102 
undefined  16.0405 6.4026 4.5569 
yes 73.4052 15.1891 29.4057 

4 no 54.392 13.8263 27.7817 
undefined  23.6012    5.1903    7.2085 
yes 34.156 5.7615 9.0825 

5 no 45.3302 19.3167   26.3531 
undefined  15.1791 2.1415    5.6794 
yes 51.6398      3.32   12.0403 

6 no 106.1573   22.7561   41.0866 
undefined  1.0117    1.0098    1.9785 
yes 4.9802    1.0122    1.0076 

7 no 81.1224   20.5492   27.3284 
undefined  11.5501     2.168    11.282 
yes 19.4767     2.061    5.4624 

8 no 89.4444   19.3333    9.2223 
undefined  7.2533    1.1937     9.553 
yes 15.4514    4.2512   25.2975 

 
Cluster 1 (13% of respondents): For the representatives of this group the average 

value of the age attribute is 36 and it varies greatly. This is the oldest age group if 
compared with other clusters. This group has the largest share of women. 
Representatives of this group, predominantly, cannot imagine their life without the 
Internet. Thus, according to the centroid values of the attributes, we may diagnose IA 
related Internet centration in the psychic reality of a personality, which is accordingly 
reflected in their activity and behavior; other life interests as well as significance of 
everyday activities lose their importance. There are predominantly no other signs of IA 
related disorders. 

Cluster 2 (24% of respondents): The probabilistic average of the age attribute among 
the representatives of this group is middle-aged in comparison with other groups and is 
19. Male representatives significantly dominate in this group. Regarding the inability 
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to imagine their life without the Internet, opinions differed, however, predominantly 
respondents believe they have this addiction. Judging by the values of attributes 4, 5, 6 
and 7, the vast majority of this group’s representatives declare that they do not have 
other signs of IA. However, the feeling of the lack of time spent playing computer 
games over the Internet, which was confirmed by the vast majority of respondents, is a 
warning signal that may signify the existence of IA related disorders. Thus, the 
characteristic feature of this group is that most of its representatives have IA related 
disorders such as: Internet centration in the psychic reality of a personality; behavioral 
impulse control disorders related to online gaming. These people are in the risk group 
for developing IA related disorders.  

2. In the course of application of the Farthest First algorithm, according to the built 
clustering model based on the training data set, there have also been three clusters 
formed; their characteristics are given in Table 4. 

Table 4. Model and evaluation on test split by Farthest First algorithm.  

Attributes Clusters 
0 1 2 

age 16.0 22.0 20.0 
sex female male male 
3 yes undefined yes 
4 undefined no yes 
5 no yes undefined 
6 no no undefined 
7 no undefined undefined 
8 no undefined no 

 
Cluster 0: Contains data instances of the youngest age group, whose age centroid 

attribute is 16. According to the value of the sex centroid attribute, the group is made 
up of mostly female data instances. The representatives of this group cannot imagine 
their life without the Internet, i.e. there is obvious Internet centration in the psychic 
reality of a personality. Respondents cannot clearly determine whether they feel either 
anxiety or irritation if they do not have the possibility to use the Internet. Judging by 
other attributes, data instances of this cluster do not have IA related disorders. 

Cluster 1: This cluster contains data instances of an older age group, the age attribute 
centroid of which is 22. The value of the sex attribute centroid in this cluster is male. A 
characteristic feature of the cluster is undecidedness regarding the vital need to use the 
Internet, prevalence of Internet relations over actual real interactions, feeling the lack 
of time spent playing computer games over the Internet (attributes 3, 7, 8 equal 
undefined). The value of the yes centroid of attribute 5 shows inclination to use the 
Internet without a concrete purpose. To give an overall characteristic, this group has 
signs of IA, i.e. behavior control disorders related to Internet use. 

Cluster 2: By the value of the age attribute centroid, 20, this cluster contains data 
instances of the middle age group if compared with other clusters. The sex attribute 
centroid in this cluster is male. The representatives of this cluster cannot imagine their 
life without the Internet and feel anxiety and irritation when they do not have the 
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possibility to use the Internet. They are characterized by their undecidedness regarding 
the vital need to use the Internet; giving up other life interests and everyday activities 
for the sake of free Internet use; prevalence of online relations of real-life interactions 
(value of attributes 5, 6, 7 is undefined). Thus, the representatives of this cluster have 
signs of IA, the priority significance of the Internet and behavior control disorders, 
related to Internet use. Compared to other groups, they are in the risk group for 
developing IA related disorders. 

3. In the course of application of the K-Means algorithm to the clustering model built 
on the basis of the training data set three clusters have also been formed, their 
characteristics are presented in Table 5. 

Table 5. Model and evaluation on test split by K-Means algorithm.  

Attribute Cluster 
0 1 2 

age 18.4194 21.8605 20.9552 
sex female male female 
3 undefined  yes yes 
4 no no no 
5 no no no 
6 no no no 
7 no no no 
8 no yes no 

 
Cluster 0: Contains data instances of the youngest age group, whose age attribute 

centroid is about 18. According to the sex attribute centroid, mostly female data 
instances are present in the groups. The representatives of this group cannot clearly 
determine whether they have a vital need to use the Internet. As for other indices, 
respondents state absence of signs of IA related disorders. 

Cluster 1: This cluster contains data instances of the older age group, whose age 
attribute centroid is about 22. The value of the sex attribute centroid in this cluster is 
male. Characteristic features of data instances that belong to this cluster include the 
vital need to use the Internet, feeling the lack of time spent playing online computer 
games as well as the systemic need to play longer. The overall characteristic of this 
cluster is the presence of signs of IA, i.e. behavior control issues related to Internet use, 
namely, gaming Internet addiction. If compared with other cluster, they belong to the 
risk group that may develop IA related disorders. 

Cluster 2: By the value of age attribute centroid, which is about 21 years, compared 
to other clusters, this cluster contains data instances of medium age group. The sex 
attribute centroid is female. The representatives of this cluster cannot imagine their life 
without the Internet. Judging by centroids of other characteristics, respondents of this 
cluster do not have Internet-related disorders. Thus, the representatives of this cluster 
have only IA signs associated with the utmost significance of the Internet. 

The cluster distribution of test data in the course of application of the three 
algorithms – the Expectation Maximization, Farthest First and K-Means – using the 
built training models is presented in Table 6. Thus, as it can be seen from the table, the 
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algorithms have determined three data groups. Clusters were formed, which included 
71:12:7, 67:4:19 and 33:15:42 data instances respectively. There is a cluster that has 
the largest number of data instances; a group, which has the least data instances 
(exceptions); a group that includes several times more data instances than the smallest 
group.  

Table 6. Clustered Instances determined using Expectation Maximization, K-Means and 
Farthest First algorithms.  

Clusters Expectation Maximization Farthest First algorithm K-Means 
Instances  % Instances % Instances % 

0 67 74 71 79 33 37 
1 4 4 12 13 15 17 
2 19 21 7 8 42 47 

 
Fig. 5, Fig. 6 and Fig. 7 present a graphic representation of clusters by age 

characteristic of data instances, which are built using the training data set and received 
in the course of implementation of the Expectation Maximization, the Farthest First and 
the K-Means algorithm respectively. As we can see, the formed clusters differ from 
each other by the age attribute. For instance, Cluster 0, which contains most data 
instances, contains instances of respondents of a younger age, if formed through the 
application of the Expectation Maximization algorithm (Fig. 5). On the other hand, the 
same cluster received through the implementation of the Farthest First algorithm, 
contains data instance of various age groups (Fig. 6). Also, a small number of data 
instances of various age groups is present in Cluster 2, received in the course of 
implementation of the K-Means algorithm (Fig. 7). Cluster 0 and Cluster 2 formed with 
the Expectation Maximization algorithm as well as Cluster 1 and Cluster 2 formed with 
the Farthest First algorithm contain homogeneous age groups, and Cluster 0 та Cluster 
1, formed with K-Means algorithm. 

 
Fig. 5. Plot of cluster distribution applying the Expectation Maximization algorithm depending 

on the age group attribute 
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Fig. 6. Plot of cluster distribution applying the Farthest First algorithm depending on the age 

group attribute 

 
Fig. 7. Plot of cluster distribution applying the K-Means algorithm depending on the age group 

attribute 

Fig. 8, Fig. 9 and Fig. 10 present a graphic representation by sex attribute of clusters 
formed through the application of the Expectation Maximization, Farthest First and K-
Means algorithm respectively. The analysis of Fig. 8, which visualizes clustering 
through application of the Expectation Maximization algorithm, shows that Cluster 0 
contains only female data instances. Clusters 1 and 2 have date instances of both sexes. 
Female data instances prevail in Cluster 1 and male ones in Cluster 2. Unlike Clusters 
formed by the Expectation Maximization algorithm, all the clusters formed by the 
Farthest First algorithm contain data instances of both sex groups (Fig. 9). Female data 
instances significantly prevail in Cluster 0. All the clusters built using the K-Means 
algorithm, contain both male and female data instances (Fig. 10). 
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Fig. 8. Plot of cluster distribution applying the Expectation Maximization algorithm depending 

on the sex attribute 

 
Fig. 9. Plot of cluster distribution applying the Farthest First algorithm depending on the sex 

attribute 

4 Conclusion 

In the course of empirical comparison of Expectation Maximization, Farthest First and 
K-Means algorithms using the WEKA machine learning system to study the signs of 
IA related disorders among the students majoring in Computer Sciences, the following 
conclusions have been made: 

1. As a result of empirical comparison of Expectation Maximization, Farthest First and 
K-Means algorithms using the WEKA machine learning system, we developed 
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models of data instances’ clustering to determine the signs of internet addiction 
disorders among students majoring in Computer Sciences. 

2. The implementation of the Expectation Maximization, the K-Means and the Farthest 
First algorithms each resulted in the formation of 3 clusters. The results of clustering 
demonstrate that Internet centration in the psychic reality of a personality is a 
characteristic feature of the respondents that took part in the survey. This also reflects 
accordingly in their activity and behavior, diminishing other life interests and the 
significance of everyday activities. In addition, in the course of implementation of 
the Expectation Maximization algorithm, a cluster was formed, whose 
representatives have behavior control disorders, related to online gaming. These 
respondents are in the risk group for developing IA related disorders. 

3. Expectation Maximization, Farthest First and K-Means algorithms of data clustering 
differ by their algorithm model, however, from the point of characteristic features, 
they produce relatively similar clusters, thus implementing optimized clustering. At 
the same time, when a data set was grouped into three clusters by implementing these 
algorithms, the clusters differed by cluster model, namely, by the number of data 
instances in each cluster, their structure and value of attribute centroids.  

4. Judging by the evaluation results of clustering validity using the validity indices, we 
can state that most likely the K-Means and Farthest First algorithms show worse 
clustering results than the Expectation Maximization algorithm. 

5. Intellectual analysis of the data set regarding the situation with IA among students 
majoring in Computer Sciences with the application of clustering methods has 
shown that the methods studied above may be considered suitable for developing 
models for detecting respondent groups with the signs of IA related disorders. 

  
Fig. 10. Plot of cluster distribution applying the K-Means algorithm depending on the sex 

attribute 
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Our conclusions may help to determine the signs of IA related disorders among students 
majoring in Computer Sciences, forecasting the risk of IA and development of services 
aimed at IA prevention.  
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Abstract. In the following paper, we propose an alternative approach to 
automatic recognition and sorting of the agricultural objects. The objects are 
sorted, based on their color. The sorting algorithm works with pictures, 
captured by a web camera, pre-processes them, determines the mass centers of 
the recognized objects, and calculates distances to the points which were found. 
Afterward, the recognized objects are sorted by a hand-manipulator with four 
degrees of freedom. The manipulator is powered by Arduino Uno Rev 3 and 
servo motors of two types. The sorting algorithm has been implemented in 
Python, with the use of the OpenCV library. For image pre-processing, the 
spatial anti-aliasing, filtering, and morphological opening and closing have been 
used. Color maps have been created to determine the mass centers of the 
recognized objects. To calculate the rotation angle of the manipulator’s elbow 
based on the shoulder position, linear regression model is trained. The practical 
value of the research and development results is the possibility of their use in 
the harvesting of the agricultural objects with further extend to manufacture 
with conveyor sorting tapes. 

Keywords: automatic harvest sorting, robotic arm, OpenCV, Arduino, servo 
drives, multi-agent system. 

1 Introduction 

As one of the key branches of the industry of Ukraine, agricultural industry aims to 
deliver the high-quality goods with lower self-costs, while also reducing the time 
spent on their production. Replacing the manual labor with the machine labor is an 
effective way of solving this problem. A human laborer cannot perform repetitive 
tasks for a long time and stay effective for long. 

Since harvesting is one of the primary parts of all agricultural processes, 
automating this task has been a researchers’ priority since the 1960s. However, 
automated harvesting has several complications to avoid. Accurate recognition of 
objects and avoiding their damage during the gathering process are the main problems 
for every researcher aiming to automate this procedure. 
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One of the first researches devoted to automatic harvest recognition and gathering 
was performed in 1968 [11]. The authors were comparing the lengths of the waves of 
light, which were reflected from the fruitage and leaves on the orange trees. When the 
photographic equipment became more affordable, similar researches started analyzing 
images of the fruit instead of the objects’ surfaces. 

Since the problem of the automatic agricultural objects’ sorting comprises both 
object recognition and capturing, it encounters the same complications as the 
automatic harvesting task does. Nowadays, there are several approaches to the 
automatic sorting of the agricultural objects – magnetohydrodynamic installations 
[10], Bayesian classifiers [4], machine vision modules [6]. However, most of these 
methods don’t take into consideration the physical properties of the objects, or are 
expensive to set up and maintain. 

In this work, we propose a comparatively low-complexity and effective approach 
to the automatic agricultural objects’ sorting. 

�� �$�Q�D�O�\�V�L�V���R�I���V�F�L�H�Q�W�L�I�L�F���V�R�X�U�F�H�V���D�Q�G���K�D�U�G�Z�D�U�H���V�R�O�X�W�L�R�Q�V��

In this section, we will consider some of the existing methods of the automatic sorting 
of the agricultural objects, based on the machine vision. 
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�D�J�U�L�F�X�O�W�X�U�D�O���R�E�M�H�F�W�V���U�H�F�R�J�Q�L�W�L�R�Q��

Most of the modern researches use images, captured by CCD cameras, for object 
detection and recognition. Some of them rely on the fuzzy logic algorithms [2]. For 
object borders detection, the thresholding method was used. Afterwards, the 
determined objects were sorted by color (97,8% accuracy) and size (88,9% accuracy) 
by calculating the degree of compliance between the objects. 

Bayesian classifiers [9] are also widely used for automatic agricultural objects 
recognition and sorting. The borders of an object were determined by the method of 
finding the shortest path on the graph. Then the objects were classified by ripeness, 
taking into consideration the average values of the R, G and B channels on the image, 
along with their gradients. For this method, the accuracy of sorting by ripeness is 
92,2%. 

Clustering methods [7] are another one popular approach to automatic sorting of 
the agricultural objects. After obtaining the image of an object, its projection on the X 
axis was made. The points with the lowest color saturation determined the borders of 
an object. Then the areas of a particular color are determined within each object, and 
the objects are clustered with a k-means clustering method. The number of clusters is 
determined by the user. 

Neural networks [5] represent the most complicated but the most promising 
approach to the automatic recognition and sorting of the agricultural objects. Having 
separated the image dataset in 3 classes, researchers trained a three-layer neural 
network, which is able to sort objects on images by their brightness (color) and size. 


