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The monograph is devoted to solving scientific and applied problems that arise 
in the process of managing modern IT companies. The rapid development of IT prod-
ucts in the 21st century has caused significant changes in the processes and manage-
ment system of an IT company as a commercial enterprise providing services. These 
changes have led to the perception of a modern IT company as an enterprise that 
combines the most successful practices, models and methods of planned and project 
management in its activities. But this view of an IT company is detailed only at the 
conceptual level. The issues of formal description, design and development of systems 
and technologies that would be based on this concept remain largely unresolved. The 
vast majority of modern IT products used to manage an IT company and its processes 
are focused on the concept of exclusively project management and do not take into 
account the features of planned practices of modern service management.

The monograph considers the solution of theoretical and theoretical-applied is-
sues related to the formulation and solution of important tasks of managing the gen
eral activities of an IT company and its individual processes. Such tasks include the task 
of managing the operation of web-based information systems, the task of assigning 
tasks to IT company employees, as well as the task of assessing the costs of IT company 
resources during its activities. The research results are formal models, methods, and 
elements of information technology that can be used to build management systems for 
modern IT companies. The research used mathematical tools of category theory and 
set theory; models and methods of statistical analysis and Data Mining, as well as exist-
ing models and methods of assessing the costs of efforts and resources in IT projects.

The obtained research results and their experimental verification indicate the 
possibility of improving the processes of modern IT companies. Such improvement 
can be carried out through the consistent development of individual elements of the 
IT company management system, without global reengineering of systems and tech-
nologies for storing and processing data currently used in the IT company.

This monograph can be useful to researchers, teachers, graduate students and 
higher education students in the field of computer science, information management 
systems and IT project management.

Keywords
IT project, information system, operations management, description of a system 

element, incomplete information, task, performer, evaluation, localization, video 
game, change, Beckhard and Harris model, descriptor, sprint.

ABSTRACT
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CIRCLE OF READERS AND SCOPE OF APPLICATION

The first chapter presents the results of the development of elements of the 
methodology, models and formal formulation of the problem of effective manage-
ment of the life cycle of the operation of a web-based information system (IS). These 
results can be used to build an IS of multi-level management of IT services provided 
by an IT company. Such use is appropriate when developing a strategy for creating and 
gradually improving an IT company management system. The materials of the chapter 
will be useful to scientists in the fields of computer science, information systems, as 
well as management of the activities of an IT company and its individual IT projects.

The second chapter presents the results of solving the problem of modeling 
losses when designing a description of an IS element in conditions of incompleteness 
or lack of information about this element. These results can be used in the process 
of managing IT project decisions in conditions of partial uncertainty. Such use is ap-
propriate for automated assessment of possible costs in the process of forming and 
changing task backlogs for IT project performers. The materials of the chapter will be 
useful to scientists and specialists in IT project management of the development of 
IS  management of enterprises and organizations.

The third chapter proposes the results of solving the problem of assigning IT project 
tasks to its performers. These results can be used to automatically assign IT project tasks 
to its performers, taking into account the previous work experience of these performers. 
Such use is appropriate for creating services that can interact with both existing auto-
mated management tools for an IT company and those being developed. The materi-
als of the chapter will be useful to scientists and practitioners in the fields of IT project 
team management and the use of artificial intelligence tools for managing IT projects.

The fourth chapter proposes the results of solving the problem of assessing the 
complexity of an IT project for video game localization. These results can be used when 
planning IT projects for video game localization. Such use is appropriate as a method 
of automated assessment of efforts to implement an IT project for video game local-
ization. The materials of the chapter will be useful to scientists and practitioners in 
the fields of IT project management for the localization of various computer games.

The fifth chapter proposes the results of solving the problem of quantitative assess-
ment of changes that occur during the implementation of a long-term IT project. These 
results can be used to manage changes that occur in IT projects that last more than a year. 
Such use is appropriate for automated assessment of time spent on implementing changes 
during individual iterations of an IT project. The materials of the chapter will be useful to 
scientists and practitioners in managing teams of performers and changes in IT projects.
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INTRODUCTION

A modern IT company is an enterprise that stands out among all other types of en-
terprises. The main goal of an IT company is to provide services for the development, 
implementation, support, maintenance and development of IT products for various 
purposes on behalf of various stakeholders. Therefore, an IT company is forced to 
combine the best practices of planned management of IT services and project adap-
tation of these IT services to the requirements of individual customers during its own 
activities. Such a combination requires, in turn, the creation and development of an 
appropriate methodology, models, methods, systems and technologies for managing 
an IT company and its individual processes.

Unfortunately, the current state of science allows to describe in detail the 
methodological issues of creating and using an IT company management system 
and its processes mainly at the conceptual level. A significant number of scientific 
studies in recent years are aimed at solving only individual issues of managing the 
activities of an IT company. This can be explained by the complexity of the prob-
lem of building a methodological and formal basis for such a management system. 
Such a lag is also observed in the field of development and use of specialized in-
formation systems and technologies for managing an IT company. The vast ma-
jority of modern IT products used to manage an IT company and its processes are 
focused on the concept of exclusively project management and do not take into 
account the peculiarities of planned practices of modern service management. 
Some work on the creation of information systems and technologies for multi-
level management of IT services was started in the early 2010s. But still the main 
results of these works are too large IT products, the cost and complexity of which 
significantly limits their distribution.

Solving the considered problems of managing a modern IT company requires 
a large amount of scientific and applied work that cannot be performed by a sin-
gle team of researchers. But the gradual solution of scientific and applied issues, 
coordinated with the modern concept of IT company management and with the 
results obtained by individual research groups, can provide the governing bodies of 
IT companies with results that have significant applied value. Therefore, conduct-
ing research in this area is relevant from a theoretical and applied point of view.

The monograph offered to your attention contains the results of research 
by employees of the Department of Information Control Systems of the Kharkiv 
National University of Radio Electronics, the Department of Computer Systems 
Software of the National Technical University "Dnipro Polytechnic" and individual 
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independent researchers working in the field of management of IT companies and 
individual IT projects. This monograph considers the solution of theoretical and 
theoretical-applied issues related to the formulation and resolution of important 
problems and tasks of managing the general activities of an IT company and its 
individual processes, namely:

– problems of effective management of the operation of web-based information 
systems (Chapter 1);

– problems of managing the costs of an IT project of an information system in 
conditions of incomplete information about its elements (Chapter 2);

– tasks of assigning tasks to IT project performers (Chapter 3);
–  tasks of assessing the complexity of an IT project for video game localiza-

tion (Chapter 4);
– tasks of quantitative assessment of changes in the long-term IT project man-

agement system (Chapter 5).
During the research described in the chapters of the monograph, mathematical 

tools of category theory and set theory, models and methods of statistical analysis 
and Data Mining, as well as existing models and methods for estimating the costs of 
efforts and resources in IT projects were used.

The main theoretical results of the research presented in this monograph are:
– the concept of the problem of effective management of the life cycle of an op-

erated information system as an IT service system;
– a set of models for effective management of the operation of a web-based in-

formation system;
– a formal description of the problem of effective management of the life cycle of 

an operated information system;
– a theoretical and categorical model of the properties of an information system;
– detailed models of losses in the activities of an IT company due to the lack of 

information;
– a method for solving the problem of assigning IT project tasks to its performers;
– a new method for assessing the complexity of IT projects for video game local-

ization;
– an improved method based on the Beckhard and Harris model for quantitative 

assessment of changes in a long-term IT project.
The obtained theoretical results were verified during the implementation of rel-

evant IT projects or on data from IT projects implemented using other methods and 
techniques. The results of the tests confirm that the application of the models and 
methods proposed by the authors of the monograph is better than the use of existing 
models, methods and tools for solving similar problems of IT company management.
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This monograph may be useful to researchers, teachers, postgraduate students 
and higher education students in the field of computer science, information manage-
ment systems and IT project management.

The authors express special gratitude to the first reader of the monograph – 
PhD, Leading Researcher of the Department of Information Control Systems of the 
Kharkiv National University of Radio Electronics, Olha Neumyvakina – for valuable 
recommendations, attention, and versatile erudition, repeatedly revealed during the 
creation of the monograph.
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Abstract
The object of the study is the processes of functioning and maintenance, which 

together determine the stage of operation of a web-based information system for 
managing an enterprise or organization.

During the study, the problem of developing elements of the methodology for 
lifecycle management of a web-based information system was solved. Modern re-
search in this area is mainly aimed at analyzing and developing individual aspects of 
managing the operation of complex systems. The main attention is paid to solving 
individual tasks of managing the operation of systems based on IoT or DevOps. Gen-
eral issues of creating and improving the System Lifecycle Management approach 
remain little studied.

During the study, the main provisions of the effective management concept of 
the life cycle of a web-based information system were proposed. This concept is 
based on a multi-level representation of the information system and the possibil-
ity of effective management of the system according to its properties. For further 
formal description of the proposed concept, the main concepts were defined and 
the ontology of this concept was developed. Based on this ontology, a generalized 
model of effective management of the operation of a web-based information system 
and a  set of theoretical and categorical models that detail the description of the ele-
ments of this model were developed.

The resulting generalized model was taken as a basis for developing a formal 
problem statement of effective life cycle management of an operated information 
system as an IT service system. A formal description of the objective function and 
constraints of the problem of classical (permanent) life cycle management of an 

Viktor Levykin
Maksym Yevlanov
Oleksandr Petrychenko
Olga Neumyvakina

CHAPTER 1

Basics of the effective management methodology 
of  web-based information systems
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Basics of the effective management methodology  
of web-based information systems

Chapter 1

operated information system was proposed. On its basis, a formal description of the 
objective function and constraints of the problem of effective life cycle management 
of an operated web-based information system was proposed. It was determined that 
the problem of classical (permanent) life cycle management of an operated infor-
mation system is a special case of the proposed problem of effective management.

The practical application of the obtained research results allows improving sys-
tems for life cycle management of an operated information system without global 
reengineering of existing systems and technologies for data storage and processing.

Keywords
Web-based information system, system property, operation management, on-

tology of effective management, theoretical-categorical model, attributive model.

1.1  Introduction

The first quarter of the 21st century is characterized by the rapid development 
of web-based information systems (IS) for managing enterprises and organizations. 
The term "web-based IS" will be used here and further to refer to IS that uses web 
technologies to provide information and services to users or other information sys-
tems/applications [1]. One of the most important consequences of this definition is 
the perception of web-based IS as systems, which functions can be accessed from any-
where in the world (provided there is a working Internet connection) via a browser.

The modern view of the architecture of web-based IS recognizes the existence of 
several different approaches to describing this architecture. However, to reflect the 
above-mentioned perception of web-based IS, it is best to use the description of the 
architecture of such a system proposed in [2] (Fig. 1.1).

In Fig. 1.1, the following designations are adopted for the elements of the de-
scription of the architecture of web-based IS: DNS – Domaine Name System, a do-
main name system that ensures the operation of the Internet; CDN – Content Deliv-
ery System, a content delivery system that provides acceleration of the delivery of 
static HNML, CSS, JavaScript files and images (dotted lines separate the elements 
of the web-based system that are located on the system's web servers and can be 
located practically anywhere on the globe). Detailed descriptions of these elements 
are given in [2].

Creation, support and development of web-based IS with the architecture de-
scribed in Fig. 1.1 significantly complicates the solution of the problem of managing 
such IS within their life cycle (LC). Such management is necessary for any IT com
pany that promotes web-based IS of its own production on the market of IT products 
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intended for the management of enterprises and organizations. The goal of such 
management in general should be to increase the competitiveness of web-based IS 
by maintaining the characteristics of efficiency and quality of this system at the level 
most desirable for all stakeholders.

DNS

Load Balancer

CDNUser's browser

Cloud storage
Copy of data

Database Web app servers
Data warehouse

Data 
"firehose"

Caching service

Job 
Queue Services

Job servers
Full text search 

service

1
11

2
10

9b

9a
9c

34

5
6a

6b

8

7

Fig. 1.1 Description of the architecture of a web-based system
Source: [2]

The modern approach to the creation and functioning of IS management of en-
terprises and organizations conceptually considers such systems as a type of sys-
tem for providing IT services to operators and users [3]. Here and further, the term 
"service" will be understood as the performance of actions, work or duties, which is 
self-sufficient, consistent, discrete and can be composed of other services [4]. Based 
on this definition, the term "IT service" was proposed to be used to refer to an inde-
pendent functional task in IS, the use of which is economically and technically feasi-
ble for performing a separate activity of the process of an enterprise or organization 
or for managing this activity [5].

The results of implementing this approach in the IT industry are [6]:
– the concept of an IT service management system as a system for managing and 

controlling the activities of managing IT objects of an IT company;
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– an approach "Product Lifecycle Management" (PLM);
– an approach "Application Lifecycle Management" (ALM).
The term "PLM" will be understood as an approach to managing processes and 

methods that are used or created during the LC of products or systems. Its scope 
mainly covers the hardware parts of the system [7]. The term "ALM" will be under-
stood as an approach focused on the software LC. It is designed to monitor, con-
trol and manage artifacts and processes that arise during the program LC. These 
processes include requirements development, source code management, test man-
agement, release management, etc. [8].

To solve the problem of managing services during their LC, a separate type of 
management system was created – service management systems. According to the 
modern understanding, such systems should be perceived as systems for managing 
and controlling the activities of the service provider from the point of view of service 
management [3]. However, although the PLM and ALM approaches arose on the ba-
sis of the same concept of an IT service management system, the ISs created within 
these approaches developed in different ways. In order to eliminate the difference be-
tween these ISs, a new approach was developed, the main difference of which is the 
integration of PLM and ALM into the interdisciplinary management of the system's 
LC (SLM) [9]. Unfortunately, the creation and development of the SLM approach oc-
curs mainly at the conceptual level. The reasons for this should be considered different 
approaches to the structuring of hardware and software, as well as to the integration 
of elements of this software into systems. In addition, the phases of the software and 
hardware LCs also differ, even if there are similarities [10]. Therefore, conducting the-
oretical and theoretical-applied research devoted to the development of methodolog-
ical foundations of the SLM approach at the conceptual and formal levels is relevant.

1.2 � Analysis of modern research in the field of effective management 
of  web-based information systems

Modern information technologies (IT) and IS based on PLM are aimed at man-
aging large amounts of information and artifacts that arise and accumulate during 
the product LC [7]. Such PLM-IT and PLM-IS are considered as a center that ensures 
the existence of compatible data flows (for example, data from CAD products, mod-
eling or architecture data, etc.) and solving the problems of managing these data 
flows. This is due to the fact that PLM grew out of CAD (Computer Aided Design) 
and PDM (Product Data Management). For this reason, PLM-IT and PLM-IS are only 
limitedly suitable for displaying and supporting the software LC [9].
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The use of PLM-IT and PLM-IS for managing the IS LC in enterprises and organiza-
tions is complicated by the need to manage changes that arise during the creation and 
operation of such IS. Thus, in [11] the reasons for these complications are the lack of 
compatibility of product change notifications, low data quality, and the lack of direct 
traceability and tracking of changes to the final product. To eliminate these complica-
tions, [11] proposes to integrate PLM-IS and IT asset administration  (Asset Adminis-
tration Shell). Such integration should improve cooperation between PLM-IS and IS of 
enterprise and organization management, improve data quality, ensure traceability 
and increase efficiency within engineering processes. However, this approach is not 
very suitable for LC management, because it focuses mainly on hardware management.

Unlike PLM, ALM was originally considered as an approach that can theoretically 
be used without the use of appropriate tools. ALM was mainly proposed to be used 
to integrate all processes, methods and data used and generated within software 
development [8]. The modern vision distinguishes three main aspects within ALM: 
governance, development and operations [9]. The governance aspect considers the 
tasks of conducting software business analysis, project portfolio management and 
program portfolio management. The development aspect considers the tasks of 
software generation (from requirements definition through design and source code 
development to testing and release). The operation aspect considers the tasks of 
software monitoring and management [12].

Modern research suggests understanding SLM as a technical and organizational 
basis for LC management of all system artifacts that are created or improved during 
the existence of this system, and the tools used to work with these artifacts. This 
basis provides clear tracking of all system elements. Thus, interdisciplinary SLM is 
considered the basis for complex digital engineering [13]. But IT products that are 
the results of this complex digital engineering differ significantly from each other. 
Examples of such IT products include:

– Microsoft products (Microsoft System Center 2016, Microsoft Azure Automa-
tion & Control in Microsoft Operations Management Suite);

– specialized products of individual IT companies (Cortex, ActiveBatch Workload 
Automation, Ignio, VMware Vrealize Orchestrator, etc.);

– products that are descendants of CASE systems and visual modeling environ-
ments (CA Process Automation).

As can be seen, the main difference between IT products designed to implement 
the SLM approach is caused mainly by the features and requirements of specific  
IT companies, on which orders these products were created. It should be noted 
that there is no fixed classification of IT products that can be used to implement the 
SLM  approach.
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But it should be recognized that these and similar IT products generally meet the 
requirements for service management systems defined in [3]. In general, the set of 
functions of such products is aimed at achieving the following goals:

–  increasing the efficiency of the functioning of IT processes of the enter-
prise-consumer of IT services (technical and economic goal);

– reducing the operational risks of the enterprise-consumer of IT services (tech-
nical and economic goal);

– reducing the costs of IT processes of the enterprise-consumer of IT services 
throughout the entire LC (economic goal);

– compensation for the negative consequences of the complexity of managing 
the IT services system of the consumer enterprise, in particular, eliminating the ef-
fect of "IT blindness" (economic goal);

– increasing the level of compliance with standards, including to facilitate fur-
ther certification (economic and organizational and methodological goal).

Unlike applied developments, most theoretical research in the field of PLM, ALM 
and SML is aimed at developing individual aspects of IT service management of large 
industrial systems based on the Internet of Things. For example, in [14] a description 
of the information layer of the reference architectural model RAMI 4.0 is proposed, 
which is supported by the Zachman Framework concept. The proposed descrip-
tion, according to the authors, should ensure the practical use of RAMI 4.0, allowing 
stakeholders to use model-based systems engineering, on the one hand, and include 
information engineering, on the other. However, the description proposed in [14] 
can be used to develop only individual aspects of industrial systems and does not 
cover the task of industrial IS management as a whole. Similar research is being con-
ducted in the IT industry. Thus, in [15] the results of mixed modeling and modeling of 
continuous service delivery pipeline scenarios as a separate aspect of DevOps are 
described. But these studies also do not cover the overall task of managing IS and IT, 
which an IT company uses in its activities.

The formation of integral assessments of the progress and results of the function-
ing of individual IS services currently does not involve the use of formal models [16]. 
At the same time, studies have shown that the success of projects aimed at improving 
individual processes is not a coincidence, but a predictable result with clearly defined 
and measurable characteristics [17]. To solve various IT service management prob-
lems, approaches based on solving multi-criteria optimization problems are proposed 
in [18]. However, the difficulties of applying such approaches in managing real web-
based IS force to look for other options for solving such problems. Thus, in [19] it is 
proposed to consider an approach to web service management based on knowledge. 
However, this approach is not yet fully developed and requires additional research.
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A significant number of studies consider the problem of managing the IS LC 
mainly through the prism of tools for its solution. In this case, the multi-criteria deci-
sion-making process is usually proposed as the main tool. To implement this process, 
decision support systems based on multidimensional data warehouses are proposed. 
An example of such a platform designed to automate the management of the stages 
of the LC describing the development of modern software is considered in  [20]. 
A  significant part of the publications is devoted to describing the results of research 
into problems that arise when using tools for solving such multi-criteria optimization 
problems. Algorithms [21] and tools [22] for analyzing and optimizing hyperpara
meters are considered as similar tools in modern research. Studies devoted to the 
use of simulation modeling tools for LC management of individual aspects of IS [23] 
are not left without attention.

The following directions for further research on the development of SLM are in-
dicated in [9]:

– improving the implementation of the knowledge management process in the 
business (in particular, ensuring the interconnection of business goals and indica-
tors with current processes to identify awareness of complaints and the potential for 
business improvement [24]);

– developing an integrated or common ALM-PLM data model (in particular, to 
identify and minimize differences between the descriptions of the hardware and 
software development processes [25]);

– extending the requirements and use cases of the ALM-PLM system to other 
stages of the Life Cycle;

– urther detailing and refining the SLM, PLM and ALM approaches, developing 
these approaches through new methods, ideas and processes to support the devel-
opment of software and hardware;

– defining KPIs for ALM-PLM integration (in particular, to further evaluate and 
control the use of these approaches to assess their success or potential for improve-
ment [26]).

But the SLM development is impossible without eliminating an important contra-
diction in the field of IT service management. The essence of this contradiction is as 
follows. A typical IT service management system, defined in [1], recognizes the goal 
of management as maintaining user satisfaction with existing IT services at the level 
desired by the Provider and Consumer of IT services. At the same time, the main 
quantitative criterion by which it is possible to determine the degree of achievement 
of this goal is the indicator of the number of incident reports that remain unresolved. 
But these incident reports arise as a result of the interaction of operators and users 
with existing IT services and the IT infrastructure that ensures the operation of these 



11

Basics of the effective management methodology  
of web-based information systems

Chapter 1

IT services. Thus, the IT service management system defined in [3] and the IT prod-
ucts that are created on the basis of the requirements for this system are aimed at 
maintaining stable and time-invariant states of the software and hardware of the 
IT service system. Therefore, compliance with the requirements for a typical service 
management system defined in [3] does not allow optimizing the set of IT services 
taking into account the technical and economic features of changing business pro-
cesses of individual consumers of IT services. Therefore, the study of the general for-
mal formulation of the problem of managing the IS LC is relevant both from a theo
retical and practical point of view.

The aim of the study is to develop the foundations of a methodology for effective 
management of the LC of an operated web-based IS as an IT service system taking 
into account the technical and economic features of business processes subject to 
automation. This will allow automating the solution of the tasks of managing the IS 
LC for enterprises and organizations, taking into account the features of SLM and 
ALM-PLM integration.

To achieve this aim, it is proposed to solve the following objectives:
– develop a concept for effective operation management of web-based IS;
– develop a set of models for effective operation of web-based IS;
– develop a formal statement of the problem of effective operation management 

of web-based IS;
– develop a model of the properties of the operated web-based IS.

1.3  Research concepts and assumptions

By analogy with the modern vision of ALM, the SLM approach in this study is 
proposed to be considered as a set of three main aspects: system governance, sys-
tem development, and system operations. However, unlike the tasks considered 
in [9] and [12], which comprise the ALM aspects, it is proposed to present each SLM 
aspect as a set of typical processes of the system's LC, defined in [4]. Such a rep-
resentation is shown in Fig. 1.2. The use of typical processes allowed, instead of 
defining individual management tasks characteristic of each individual aspect of the 
approach, to establish a set of works and activities, the implementation of which is 
most important for a specific aspect.

Based on the proposed aspect-process representation of the SLM approach, 
a  conclusion was made about the significant differences in the methodologies for 
managing web-based IS under development and web-based IS under operation. Based 
on this conclusion, a decision was made on the feasibility of conducting research in 
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the field of developing the main elements of the methodology for managing the oper-
ation of web-based IS. This decision was also a consequence of the following reasons:

– the minimum (compared to other aspects) number of typical LC processes of 
the system, which in this aspect are the most important;

– recognition by modern IT companies of LC processes, which describe the oper-
ation of IT products, as critical business processes, the activities of which bring the 
main percentage of the IT company's profit;

– unlike the aspects of system management and development, the aspect of sys-
tem operation remains the least studied from a theoretical and applied point of view.

SLM Approach

System Governance Aspect

Organizational project-enabling 
processes Technical management processes

System Development Aspect System Operations Aspect

– system analysis process;
– operation process;
– maintenance process;

– disposal process

– business or mission analysis process;
– stakeholder needs and requirements 
definition process;

– system requirements definition process;
– system architecture definition process;
– design definition process;
– system analysis process;
– implementation process;
– integration process;
– verification process;
– transition process;
– validation process;
– disposal process

– life cycle model management process;
– infrastructure management process;
– portfolio management process;
– human resource management process;
– quality management process;
– knowledge management process

– project planning process;
– project assessment and control process;
– decision management process;
– risk management process;
– configuration management process;
– information management process;
– measurement process;
– quality assurance process

Fig. 1.2 Aspect-process representation of the System Lifecycle Management approach
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Therefore, the object of this study was chosen to be the processes of functioning 
and maintenance of IS, which together determine the stage of operation of the IS LC. 
The subject of this study is the main methodological elements that allow formalizing 
the formulation and solution of the problem of managing the operation of web-based IS.

The development of the main elements of the methodology for managing the op-
eration of web-based IS was proposed to be carried out on the basis of the following 
initial assumptions and recommendations [27]:

– Assumption 1: the operated IS should be considered as a set of interconnected 
representations at different levels (business level, IT service level, IT service level, 
IT  infrastructure level);

– Assumption 2: the main conditional "unit" of describing data processing actions 
in managed IS of any level of representation is a transaction;

– Assumption 3: the dimensionality of the problem of managing the functioning 
of the IS can be reduced provided that individual properties of the IS are identified, 
which characterize the manifestations of individual qualities of this system;

– Assumption 4: each individual property of the IS is determined by a set of re-
quirements (functional and non-functional) and a set of requests for change (requests 
for change, RFC) of these requirements and individual elements of the system.

Assumption 1 arose from the need to eliminate one of the main shortcomings 
of the existing methodology for managing the operation of the system as a set of 
IT services. This methodology uses one level of representation to describe any IS – as 
a set of individual IT services and their heterogeneous components [3] without tak-
ing into account their belonging to the Supplier or Consumer of IT services. But for 
the Consumer and the Provider of IT services, the description of any IS implies the 
simultaneous existence of several levels of representation – as a single product, as 
a  set of functions, and as a set of IT services that implement these functions and are 
at different stages of their LC. Therefore, to eliminate this contradiction, first of all,  
it is necessary to coordinate the descriptions of web-based IS at different levels of 
representation of this system. Similar levels were identified in [5] for the processes of 
forming and analyzing system requirements. Based on the solution proposed in [5], 
it is proposed to identify the following levels of representation of the operated IS:

– business level (combining the level of managed objects and/or processes pro-
posed in [5] and the general system level);

– IT accommodation (or functional service) level;
– IT service level;
– IT infrastructure level.
The features of the representations of the concept of "operated IS" at each of the 

proposed levels are given in Table 1.1 [27].



14

Management of a modern IT company: theoretical and technological aspects

Table 1.1 Definition of the "operated information system" concept at different levels 
of  representation

Presentation 
layer Definition of the concept of "operated information system"

Business  
layer

IS – IT product, which:
– has financial and legal value;
– is one of the mechanisms of the managed object and/or process;
– is simultaneously a system consisting of personnel and a complex of auto-
mation tools;
– forms and reflects a single holistic information representation of this 
object and/or process in accordance with the goals set for this product

IT accom-
modation (or 

functional 
service) level

IS – a system of IT services (functional tasks, functions), which:
– is operated on the basis of the Consumer's decisions on the economic or 
technical feasibility of this action;
– is aimed at forming and reflecting a single holistic information represen-
tation of the managed object or process in accordance with the goals set for 
the system

IT service 
layer

IS – a system of IT services, which:
– implements a set of operations for providing or processing data;
– is aimed at forming and reflecting a single holistic information representa-
tion of the object or process in accordance with the goals set for the system

IT infrastruc-
ture layer

IS – a system of interconnected IT infrastructure elements necessary and 
sufficient for the operation of all IT services of IS, which:
– consists of complexes of automation tools;
– is aimed at the formation and display of a single holistic information 
representation of an object or process in accordance with the goals set for 
the system

Source: [27]

To harmonize the IS descriptions at the levels of representation considered 
in  Table 1.1, it is necessary to introduce an additional concept that allows describ-
ing the behavior of IS and its elements during operation. For this purpose, Assump-
tion 2 was formulated, according to which it was proposed to use the term "trans-
action" as such a concept. Each abstract transaction should have the following 
properties [28]:

– atomicity;
– correctness;
– isolation;
– durability.
These properties allow considering a transaction as the basis for a formal de-

scription of any possible action performed by a web-based IS and its individual ele-
ments during operation.
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To describe the operated web-based IS and its elements at the levels of represen-
tation considered in Table 1.1 levels of representation, it was proposed to distinguish 
the following types of transactions [27]:

– business transaction – an agreed change in the state of relations between two 
or more parties, where each party is ready for this change and knows that it will be 
agreed and approved by all parties [29];

– functional transaction – a logical unit of the scenario for performing an IS func-
tion (service), usually including several service transactions;

– service transaction (also transaction) – a logical unit of work, usually including 
several database operations [28];

– infrastructure transaction – a logical unit of work at the upper (application) 
levels of the network models used [30], usually including several operations of the 
lower levels of a specific network model.

Thus, any IS (including web-based IS) can be described at any level of represen-
tation using transactions that transfer the IS and its elements from the initial state 
to the final state. At the same time, to unify the descriptions of heterogeneous IS 
elements during its operation, it was proposed to use the concept of "configuration 
item" (CI) introduced in [3] – an element that must be controlled to provide one or 
more services.

However, such a representation of the operated IS seriously complicates its mod-
eling during operation management. The application of the existing methodology for 
the operation management of IS leads to the fact that the growth rate of the number 
of indicators characterizing the IS and its CIs significantly exceeds the growth rate 
of the number of CIs in the IS. The consequence of this is the impossibility of scaling 
models and methods for solving management problems during the operation manage-
ment of small, medium and large IS due to the sharp increase in the dimensionality of 
such problems. It should be noted that existing methods for solving large-dimensional 
problems are effective only in some cases and do not solve this problem radically.

To overcome this complication, it was proposed to apply elements of the the-
ory of potential efficiency. This theory allows to assess the efficiency of a complex 
system by using relatively simple models that describe individual qualities of this 
system. In this case, the efficiency of the system is represented as the probability of 
a  beneficial exchange between the system and the environment [31]. This definition 
does not contradict the definition of the concept of efficiency adopted in the existing 
methodology and allows to present the degree of implementation of planned activi-
ties and achievement of planned results in service management as the probability of 
a profitable exchange of CIs and resources necessary for their creation or modifica-
tion between the IS, its Supplier and Consumer.
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The proposed approach to organizing a formal solution to IS operation manage-
ment tasks requires the introduction of an additional concept of "system property". 
At  the same time, for solving IS operation management tasks, only those system prop-
erties that characterize the manifestations of individual qualities of this system are of 
interest. IS qualities, in turn, are determined by a set of requirements (functional and 
non-functional) put forward to the IS before the start of its operation, as well as by 
a  set of RFCs of the IS and its individual CIs that are formed during the operation of 
the IS. In this case, the effectiveness of the operated IS will be determined as the de-
gree of achievement of planned results for each individual IS property and its CIs [27].

The use of the theory of potential efficiency and Assumptions 3 and 4 formu
lated on its basis allowed to determine the main approach to the formal description 
of the operated web-based IS, its CIs, as well as the formulation of the problem of  
LC management of the operated web-based IS. To detail this approach, it was pro-
posed to use the concept of "Digital Twin". This concept proposes to use their elec-
tronic representation – a digital analogue that is actually no different from such an 
object – to solve the problems of managing complex real-world objects [32]. Although 
the concept of "Digital Twin" is used mainly for managing material objects (aircraft, 
cars, power plants, industrial robots, etc.), a number of modern studies recognize the 
expediency of applying this concept in software engineering [33].

1.4 � Results of the development of the elements of the methodology for 
effective operation management of a web-based information system

1.4.1 � Results of the development of the concept and ontology for effective 
operation management of a web-based information system

The solution to the problem of managing the web-based IS operation largely de-
pends on the Consumer and Supplier's point of view on the IS operation processes. 
Different data of the points of view are determined mainly by the difference in the 
global goals of the Consumer and Supplier, considered in [5, 34]. Therefore, it is nec-
essary to recognize the simultaneous existence of two such points of view:

– an approach to managing the operation of web-based IS from the Consumer's 
point of view (an approach to managing operations within the framework of the web-
based IS operation process);

– an approach to managing the operation of web-based IS from the Supplier's 
point of view (an approach to managing operations within the framework of the web-
based IS maintenance process).
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Recognition of these points of view allowed to formulate the basic concept of 
effective management of the operation of web-based IS as a set of the following 
provisions [27]:

– effective management of the operation of IS and its CIs from the consumer's 
point of view is considered as a set of design and/or operational measures, the result 
of which is the achievement of global IS efficiency from the point of view of all em-
ployees of the Consumer while maintaining the costs of these measures at the level 
desired by the Consumer;

– effective management of the operation of IS and its CIs from the Supplier's 
point of view is considered as a set of design and/or operational measures, the re-
sult of which is the achievement of global IS efficiency from the point of view of all 
employees of the Supplier while maintaining the costs of these measures at the level 
desired by the Supplier;

– effective management of the IS operation as a whole while respecting the inter-
ests of the Consumer and the Supplier of this IS is considered as a special case of the 
multi-criteria optimization problem, the solution of which will be Pareto-optimal IS;

– effective management of the operation of individual CIs of the IS while respect-
ing the interests of the Consumer and the Supplier of this IS is considered as a set of 
design and/or operational measures to transform a set of current values of the indi-
cators of the properties of the CIs of the IS (operational characteristics of individual 
CIs of the IS) into a set of planned values of these CIs, at which the IS as a whole will 
be Pareto-optimal.

In this study, the main attention is paid to the development of elements of the 
methodology for effective operation management of web-based IS precisely from 
the point of view of the Supplier. The role of such a Supplier can be any IT company 
that provides (sells or leases) its own web-based IS for operation by enterprises or 
organizations acting as Consumers.

Based on the developed concept of operation management of web-based IS, 
an ontology of the methodology for effective management of IT services of web-
based IS was proposed. This ontology was obtained by improving the ontology of 
the existing service management methodology. The diagram of the relationships 
between the main concepts of the ontology of effective IT service management is 
shown in  Fig. 1.3 [27].

To improve perception, Fig. 1.3 does not show the main slots of frames describing 
the main concepts. In red in Fig. 1.3, concepts that are introduced into the ontol
ogy as a result of improving the service management methodology are highlighted. 
In  italics in Fig. 1.3, concepts that expand the service management methodology 
in the course of solving applied service management problems are highlighted.
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Fig. 1.3 Diagram of the relationships between the main concepts of the ontology  
of the methodology for managing IT services of web-based IS

Source: [27]

The scheme shown in Fig. 1.3 allows to distinguish groups of main entities of the 
subject area, on the basis of which it is possible to form the following descriptions [27]:

– description of the operated IS at different levels of representation;
– description of the states of the operated IS;
– description of indicators that characterize the operated IS and its CIs;
– description of the efficiency of the operation of the IS by its individual proper-

ties and in general.
The description of the operated IS at different levels of representation will con-

sist of the following concepts shown in Fig. 1.3 [27]:
– "Information System" concept;
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– "Provider of IS" concept;
– "Customer of IS" concept;
– "Requirement of IS" concept;
– "RFC IS" concept;
– "Configuration of IS" concept;
– "Presentation Layer" concept;
– "Configuration Item" concept;
– "Transaction" concept.
These concepts define the main points of view that should be taken into account 

during a detailed formalized description of the operated IS at different levels of rep-
resentation as a set of individual CIs and transactions created to meet the require-
ments of the IS Supplier and Consumer.

The description of the states of the operated IS will consist of the following con-
cepts, shown in Fig. 1.1 [27]:

– "Configuration of IS" concept;
– "Presentation Layer" concept;
– "Configuration Item" concept;
– "Transaction" concept;
– "State of IS" concept;
– "Planned state" concept;
– "Current state" concept.
These concepts define the main points of view that should be taken into account 

during a detailed formalized description of the operated IS at different levels of rep-
resentation of both planned and current states of individual CIs and transactions.

The description of indicators that characterize the operated IS and its CIs will 
consist of the following concepts, shown in Fig. 1.3 [27]:

– "State of IS" concept;
– "Indicator" concept;
– "Library of Indicators" concept.
These concepts define the main points of view that should be taken into account 

during a detailed formalized description of the operated IS by a set of individual indi-
cators based on a specific library of indicators.

The description of the efficiency of the IS operation by its individual properties 
and as a whole will consist of the following concepts shown in Fig. 1.3 [27]:

– "State of IS" concept;
– "Planned state" concept;
– "Current state" concept;
– "Indicator" concept;
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– "Presentation Layer" concept;
– "Property" concept;
– "Efficiency" concept;
– "RFC IS" concept.
These concepts define the main points of view that should be taken into account 

during a detailed formalized description of the efficiency of the operated IS at differ-
ent levels of representation.

Partial duplication of concepts in different descriptions is necessary to ensure 
the connections of these descriptions with each other.

1.4.2 � Results of development of a set of theoretical and categorical 
models of effective operation of a web-based information system

Based on the groups of concepts of the subject area identified in Subsection 1.4.1, 
it becomes possible to develop generalized mathematical models of effective man-
agement of the operation of web-based IS. Since these descriptions are sets of indi-
vidual concepts defined in a different way, they can be formally represented in the 
form of the following categories [27]:

– description of the operated IS at different levels of representation will be rep-
resented by the LIS category;

– description of the states of the operated IS will be represented by the LSt category;
– description of indicators characterizing the operated IS and its CIs will be rep-

resented by the Lind category;
– description of the efficiency of the IS operation by its individual properties and 

in general will be represented by the LEff category.
The LI category, taking into account the concepts of the ontology of web-based 

IS service management and the connections between these concepts, has the form
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	 (1.1)

where ObIS  – a subset of LIS category objects that describes the "Information Sys-
tem" concept; ObPr – a subset of LIS category objects that describes the "Provider of IS"  
concept; ObCust  – a subset of LIS category objects that describes the "Customer of 
IS" concept; Obrec – a subset of LIS category objects that describes the "Requirement 
of IS" concept; ObRFC – a subset of LIS category objects that describes the "RFC IS" con-
cept; ObConf – a subset of LIS category objects that describes the "Configuration of IS"  
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concept; ObP_L – a subset of LIS category objects that describes the "Presentation 
Layer" concept; ObCI – a subset of LIS category objects that describes the "Configura-
tion Item" concept; ObTr – a subset of LIS category objects that describes the "Trans-
action" concept; HOb

Ob

IS

Pr  – a subset of LIS category morphisms defined between subsets 
ObPr and ObIS; HOb

Ob

Cust

IS   – a subset of LIS category morphisms defined between sub-
sets ObIS and ObCust; HOb

Ob

rec

IS  – a subset of LIS category morphisms defined between sub-
sets ObIS and Obrec; HOb

Ob

rec

Pr  – a subset of LIS category morphisms defined between subsets  
ObPr and Obrec; HOb

Ob

IS

Cust   – subset of LIS category morphisms defined between sub-
sets ObCust and ObIS; HOb

Ob

Conf

rec   – subset of LIS category morphisms defined between 
subsets Obrec and ObConf; HOb

Ob

Conf

P L_   – subset of LIS category morphisms defined be-
tween subsets ObP_L and ObConf; HOb

Ob

Conf

CI  – subset of LIS category morphisms defined be-
tween subsets ObCI and ObConf; HOb

Ob

Conf

Tr  – subset of LIS category morphisms defined be-
tween subsets ObTr and ObConf; HOb

Ob

Tr

CI  – subset LIS category morphisms defined between 
subsets ObCI and ObTr; HOb

Ob

RFC

Pr  – a subset of morphisms of the LIS category defined be-
tween the subsets ObPr and ObRFC; HOb

Ob

RFC

Cust  – a subset of morphisms of the LIS category 
defined between the subsets ObCust and ObRFC; H

Ob1  – a subset of single morphisms 
defined on selected subsets of objects of the LIS category.

The LSt category, taking into account the concepts of the web-based IS service 
management ontology identified in [27] and the relationships between these con-
cepts, has the form
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where ObSt – a subset of objects of the LSt category, which describes the concept of 
"State of IS" concept; ObPl_St – a subset of objects of the LSt category, which describes 
the concept of "Planned State" concept; ObC_St – a subset of objects of the LSt cate
gory, which describes the concept of "Current State" concept; HOb

Ob

St

Conf  – a subset of 
morphisms of the LSt category, defined between subsets ObCont and ObSt; HOb

Ob

Pl St

St

_
 – a sub-

set of morphisms of the LSt category, defined between subsets ObSt and ObPl_St;  
HOb

Ob

C St

St

_
 – a subset of morphisms of the LSt category, defined between subsets ObSt  

and ObC_St; H Ob1  – a subset of single morphisms, defined on selected subsets of objects 
of the LSt category.

The LInd category, taking into account the concepts of the web-based IS service 
management ontology highlighted in [27] and the connections between these con-
cepts, has the form

L Ob Ob Ob H H HInd St Ind Lib Ob
Ob

Ob
Ob

St

Ind

Lib

Ind

Ob
� �� ��, , , , , ,1 	 (1.3)
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where ObInd – a subset of objects of the LInd category, which describes the "Indicator" 
concept; ObLib – a subset of objects of the LInd category, which describes the "Library 
of Indicators" concept; HOb

Ob

St

Ind  – a subset of morphisms of the LInd category, defined 
between the ObInd and ObSt subsets; HOb

Ob

Lib

Ind  – a subset of morphisms of the LInd category, 
defined between the ObInd and ObLib subsets; H

Ob1  – a subset of single morphisms, de-
fined on selected subsets of objects of the LInd ategory.

The LEff category, taking into account the concepts of the web-based IS service 
management ontology highlighted in [27] and the connections between these con-
cepts, has the form
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where ObProp – a subset of objects of the LEff category that describes the "Property" 
concept; ObEff – a subset of objects of the LEff category that describes the "Efficiency" 
concept; HOb

Ob

op

St

Pr
  – a subset of morphisms of the LEff category defined between the  

ObSt and ObProp subsets; HOb
Ob

op

P L

Pr

_  – a subset of morphisms of the LEff category defined be-
tween the ObP_L and ObProp subsets; HOb

Ob

Pl St

Eff

_
 – a subset of morphisms of the LEff category 

defined between the ObEff and ObPl_St; subsets HOb
Ob

C St

Eff

_
 – a subset of morphisms of the LEff 

category defined between the ObEff and ObPl_St subsets; HOb
Ob

RFC

St  – a subset of morphisms 
of the LEff category defined between the ObSt and ObRFC subsets; H

Ob1  – a subset of unit 
morphisms defined on selected subsets of objects of the LEff category.

According to the provisions of  [3], the management of effective operation of 
web-based IS is based on the cycle "Plan – Do – Check – Act" (PDCA). In this man-
agement cycle:

– at the "Plan" stage, the development of web-based IS operation plans is carried out;
– at the "Do" stage, work is carried out to implement web-based IS operation plans;
– at the "Check" stage, work is carried out to verify the results of the implemen-

tation of web-based IS operation plans;
– at the "Act" stage, work is carried out to correct web-based IS operation plans.
Then the generalized model of effective management of web-based IS operation 

can be represented as a supercategory of the following form [27]

M L L L L F F F F FO P D Ch A L
L

L
L

L
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L
L

L
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Ch

D

D

Ch

A

Ch

P

A� �� ��, , , , , , , , ,	 (1.5)

where LP – a supercategory that formally descries the "Plan" stage; LD – a supercate
gory that formally describes the "Do" stage; LCh  – a supercategory that for- 
mally describes the "Check" stage; LA – a supercategory that formally describes the 
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"Act"  stage; FL
L

D

P  – a single covariant functor that establishes a connection between 
the LP and LD supercategories; FL

L

Ch

D  – a single covariant functor that establishes a con-
nection between the LD and LCh supercategories; FL

L

D

Ch  – a single covariant functor that 
establishes a connection between the LCh and LD supercategories; FL

L

A

Ch  – a single co-
variant functor that establishes a connection between the LCh and LA supercatego-
ries; FL

L

P

A  – a single covariant functor that establishes a connection between the LA and  
LP supercategories.

The functors FL
L

D

P , FL
L

Ch

D , FL
L

A

Ch  and FL
L

P

A  connect the supercategories LP, LD, LCh and LA ac-
cording to the control cycle of the operated web-based IS. The functor FL

L

D

Ch  establish-
es a connection between the supercategories LCh and LD to describe situations when 
the operation of the web-based IS is carried out according to the developed plans 
and there is no need to adjust these plans.

To detail the formal description of the supercategories LP, LD, LCh and LA, the cat-
egory of description of the states of the operated IS LSt (1.2) was divided into two 
subcategories: the subcategory of description of the planned state of the operated 
IS LSt

P  and the subcategory of description of the current state of the operated IS LSt
C . 

The LSt
P  subcategory has the form [6, 27]
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and the subcategory LSt
C  has the form [6, 27]
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Then, taking into account the previously developed categorical descriptions of 
the exploited ISs, the LP supercategory is proposed to be described as follows [6, 27]
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where F
L

L

St
P
IS  – a single covariant functor that establishes a connection between the LIS 

categories LIS and LSt
P ; FL

L

Ind

St
P

 – a single covariant functor that establishes a connection 
between the categories LSt

P  and LInd.
The LD supercategory is proposed to be described as follows [6, 27]
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where F
L

L

St
C
IS  – a single covariant functor that establishes a connection between the LIS 

categories LIS and LSt
P ; FL

L

Ind

St
P

 – a single covariant functor that establishes a connection 
between the supercategories and LInd.

The LCh supercategory is proposed to be described as follows [6, 27]
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The LA supercategory is proposed to be described as follows [27]

L L L FA IS Eff L
L

Eff

IS� ��
�
�, , ,	 (1.11)

where FL
L

Eff

IS  – a single covariant functor that establishes a connection between the 
supercategories LIS and LEff.

The diagram of the relationships between the elements of the generalized 
model of effective management of the operation of web-based IS (1.5) is shown 
in Fig. 1.4 [6].

Fig. 1.4 Diagram of relationships between elements of a generalized model of effective 
management of the operation of a web-based information system
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This diagram establishes transitions between the main states of the cycle "Plan – 
Do  – Check  – Act" of effective management of the operation of a web-based IS.  
In this diagram, states are defined as supercategories LP, LD, LCh and LA, which de-
scribe the corresponding stages of the mentioned cycle. Transitions between these 
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states are shown as functors FL
L

D

P , FL
L

Ch

D , FL
L

D

Ch , FL
L

A

Ch  and FL
L

P

A . Thus, model (1.5) can be rep-
resented as a finite state machine, transitions between the states of which are asso-
ciated with changing the alphabets of the description of these states, although they 
retain their structural features.

1.4.3 � Results of the development of a formal statement of the problem 
of  effective management of the operation of a web-based 
information system

The use of the developed set of theoretical and categorical models (1.1)–(1.11) 
allowed to formally describe the global problem of managing the operation of a web-
based IS as an IT service system. In doing so, it is possible to proceed from the follow-
ing assumption.

Assumption 5: the main approach to managing an IT service system is the "Plan – 
Do – Check – Act" cycle.

As noted above, classical management of the operation of an IT service system 
is management aimed at minimizing the number of incident reports that remain un-
resolved. Therefore, it is proposed to consider the target state of the operated IT 
service system as a state in which the number of incident reports and RFC of the 
managed IT service system tends to 0. Let's call such a state of the operated IS as an 
IT service system stable.

The aspiration of the operated web-based IS to a stable state is proposed to be 
described by an objective function, which has the form [6]

( ) ( ) ,, ,Tr RFCi i n j j m� �� �1 1 0 	 (1.12)

where Tri  – the transaction, the execution of which generates the i-th incident;  
n is the number of incidents that occur during the operation of the web-based IS; 
RFCj – the j-th RFC; m – the number of RFCs that occur during the operation of the 
web-based IS.

The objective function (1.12) of the classical (permanent) LC management r of 
the operation of a web-based IS is limited by the following conditions [6]:

–  for each incident during its elimination, the planned and current states  
in which the operated IS may be during the control of its operation must be de-
termined

� � � � � � �� �Tr Ob L L L L L Li Tr IS D St
P

Ch St
C

Ch, ;	 (1.13)
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–  for each RFC during its implementation, the planned and current states in 
which the operated IS may be during the control of its operation must be determined

� � � � � � �� �RFC Ob L L L L L Li RFC IS D St
P

Ch St
C

Ch, ;	 (1.14)

– the current state of the IS in the process of controlling its operation must fully 
correspond to its planned state (based on the features of the "Plan – Do – Check – 
Act" cycle and model (1.5))

( ) ( ) .L L L L L L L LSt
P

Ch St
C

Ch St
C

Ch St
P

Ch� � � � � � � 0 	 (1.15)

Such a formulation of the task of managing the operation of a web-based IS will 
allow obtaining an IS that will be best adapted to the requirements of its users. But 
such adaptability does not guarantee effective operation of the IS, because the set 
of requirements and RFC itself may not be aimed at achieving effective planned and 
current states of the operated IS. Therefore, an attempt to achieve goal (1.12) may 
lead to an increase in RFC. This increase is due to the fact that the number of RFCs 
that will arise during the operation of the IS can increase only because previous 
solutions to the management task will not give the desired coincidence of planned 
and current states. This situation will be especially pronounced in cases where the 
business processes of the automation object, the IS itself and the IT infrastructure 
in which the IS is operated are in a state of constant change. Unlike the considered 
concept of classical (constant) management, the proposed concept of effective man-
agement of the operation of web-based IS uses an additional concept of "system 
property" [31]. At the same time, the interest for the Consumer and the Supplier 
of IS is only those properties of the system that characterize the manifestations of 
individual qualities of the web-based IS. The qualities of the web-based IS, in turn, 
are determined by a  set of requirements (functional and non-functional) that are im-
posed on the IS before the start of its operation, as well as a set of RFCs of the IS and 
its individual CIs formed during the operation of the IS. In this case, effective man-
agement of the operation of the web-based IS will be defined as actions to achieve 
the planned results for each individual property of the IS and its CIs.

Then the task of achieving the global goal of effective management of the 
operation of the web-based IS will be considered as the task of achieving opti-
mal characteristics of this IS for each of its specific properties and the minimum 
probability of the existence of unsolved incidents and RFCs during the operation 
stage of this IS. The formal description of the objective function of this task will be 
as  follows [6]
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where 1, 2, …, z – identifiers of individual properties of the operated IS; P(Tri) – prob-
ability of no beneficial exchange between the operated IS and its environment as 
a  result of transaction Tri; P(RFCj) – probability of no beneficial exchange between 
the operated IS and its environment as a result of RFC RFCj implementation.

The objective function of effective management of web-based IS operation (1.16) 
is limited by the following conditions [6]:

–  for any specified k-th property of the operated IS, there must be a set of 
states of this IS, being in which the operated IS will be considered effective for 
this property

� � � � � � � � � �� �ob Ob L L opt Ob L L Ob L LEff
k

Eff Eff A
k

St IS D Ind IS D, , 	 (1.17)

where Ob L LInd IS D∈ ∈  – a set of indicators by which the fact of this IS being in an effec-
tive state is established during the operation of the web-based IS;

– for each incident during its elimination, planned and current states must be 
determined, being in which the operated IS can be considered effective

� � � � � � � �� �Tr Ob L L L L L L L Li Tr IS D St
P

Ch St
C

Ch Eff A, , ;	 (1.18)

–  for each RFC during its implementation, planned and current states  
must be determined, being in which, the operated web-based IS can be consid-
ered effective

� � � � � � � �� �RFC Ob L L L L L L L Lj RFC IS D St
P

Ch St
C

Ch Eff A, , ;	 (1.19)

– the current state of the web-based IS in the process of controlling its operation 
must approach its planned state (based on the features of the "Plan – Do – Check – 
Act" cycle and model (1.5)) with some permissible small deviation
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28

Management of a modern IT company: theoretical and technological aspects

The developed formulation of the problem of effective management of the opera-
tion of web-based IS allows to consider the problem of classical (permanent) manage-
ment of the operation of web-based IS as a separate case of problem (1.16)–(1.20). 
For this case, the objective function (1.16) will have the form:
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The proposed formal description of the task of effective management of the op-
eration of a web-based IS will allow obtaining an IS that will be during its operation:

– best adapted to the requirements of its users and the features of the IT infra-
structure and business processes of the automation object existing during operation;

– be in those states that will be recognized as effective by both the Consumer 
and the Supplier (including, based on their strategies and goals within the IS LC [5]).

1.5 � Results of the development of a theoretical and categorical model 
of  the property of an information system

The proposed formal statement of the problem of effective management of the 
operation of web-based IS requires specifying the formal description of the concept 
"Property" and its possible connections with the "State of IS", "Indicator", "Presenta-
tion Layer" and "Efficiency" concepts.

Based on the formal description of the objective function (1.16), effective man-
agement of the operation of web-based IS requires the use of sets of parameters (or 
estimates of their values), which are elements of sets of objects of the categorical 
models of the concepts "Property" and "Efficiency". Therefore, to specify the formal 
model of the property of IS, it is proposed to use the following assumption.

Assumption 6: the main principles of effective management at individual stages 
of web-based IS LC should be identical to each other.

Using this assumption allows to formulate the main principle of effective man-
agement of the operation of web-based IS by analogy with the main principle of 
managing IS requirements described in  [5]. This principle consists in the gradual 
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transformation of the set of initial values of attributes describing the requirement 
into the set of desired values of the same attributes. The desired value should be un-
derstood as the value that the attribute acquires when describing the implemented 
requirement, which is verified by the appropriate tests [5].

Based on the proposed concept of effective management of the operation of 
the IS, it was concluded that the main principle of managing the operation of in-
dividual CIs of the IS consists in the cyclical gradual transformation of the set of 
attribute values describing the property of the IS into the set of effective values of 
the same attributes. The effective value should be understood as the value that the 
attribute of the IS property acquires when describing the Pareto-optimal (desired) 
state of the process of the operated IS, provided that this state is agreed upon by 
the IS stakeholders.

From this principle it follows that to describe different properties of the op-
erated web-based IS, the same set of property attributes should be used, as well  
as a universal model for evaluating the property of the IS and its processes by 
these attributes.

It should be noted that in general, the problem of assessing the studied processes 
is currently solved at the level of ISO 15504 and ISO 330XX standard groups (in par-
ticular, ISO 33001-33004, ISO 33021, etc.). However, these standards are focused 
on assessing the levels of capability of the LC processes of systems and software 
products. To solve the problem of assessing the processes occurring in the systems 
and IT products themselves, and the levels of capabilities of these processes in the 
specified standards, it is recommended to adapt the models proposed in them to the 
specifics of these processes [35, 36]. Modern IT companies recognized the need for 
practical application of the provisions of the standard [35] (in connection with the 
provisions of the ISO 20000 standard) almost immediately after its publication [37]. 
But modern research is mainly concerned with solving individual problems [38] that 
arise during the practical application of the provisions of standards [35, 36], or con-
ceptual frameworks for assessing the maturity of individual IS and IT products [39]. 
Therefore, the problem of adapting the model for assessing process capability levels 
to the specifics of the task of assessing web-based IS processes by individual prop-
erties requires a separate study.

In the general case, the process assessment model should connect the basic 
model of the studied process and the measurement scheme, which consists of the 
following components [35]:

– a set of capability levels;
– a set of process attributes;
– a rating scale.
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For such a connection, the process assessment model should establish a map-
ping of the measurement scheme into the process capability scale, which forms the 
ordinate axis. To form the abscissa axis, the process assessment model should deter-
mine the result of mapping the basic process model into a set of process categories. 
The ordered elements of this set form the abscissa axis. Then the evaluation model 
should establish the result of determining the correspondence of the studied pro-
cess category and its specific base model to a specific quantitative value of the ca-
pability scale. Based on this value, the evaluation model provides the opportunity to 
establish quantitative values of process attributes and determine the current level of 
capabilities of the studied process [36]. In a generalized form, the model of the con-
cept "Property" is proposed to be represented as a category LProp = [ObProp; MorProp], 
the set of objects of which has the form

Ob Ob Ob ObP G PMF AMProp �� �_ , , ,	 (1.22)

where ObP_G – a subset of objects of the LProp category that describe the general 
characteristics of the IS property; ObPMF – a subset of objects of the LProp category 
that describe the process measurement scheme by the IS property; ObAM – a subset 
of objects of the LProp category that describe the process measurement model by 
the IS property.

For the formal description of subsets of objects ObP_G, ObPMF and ObAM, it is 
proposed to use the approach that was already used in [5] for the formal descrip-
tion of IS requirements design patterns. According to this approach, any subset of 
objects of the LProp category can be formally represented as a tuple consisting of 
such subsets

Ob M MA A
B

A
Add= , ,	 (1.23)

where MA
B – the basic attribute model that formally describes the tuple of attributes 

that characterize the mandatory elements of the ObA subset; MA
Add – an additional 

attributive model that formally describes a tuple of attributes characterizing the 
elements of the subset ObA, the addition of which can improve the technological 
implementation of the developed methodology for effective management of the 
operation of web-based IS.

Then the subset of objects ObP_G selected in (1.22) should be formally repre-
sented as follows

Ob M MP G P G
B

P G
Add

_ _ _,= .	 (1.24)
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The basic attributive model of the general characteristics of the IS property is 
proposed to be represented by a tuple, which has the form

M P Name P Des P Date B P Date EP G
B

_ _ , _ , _ _ , _ _= ,	 (1.25)

where P_Name – an attribute that describes the name of the IS property; P_Des – an 
attribute that describes the textual definition of the IS property; P_Date_B – an at-
tribute that describes the start date of the application of this property for effective 
management of the operation of web-based IS; P_Date_E – an attribute that describes 
the end date of the application of this property for effective management of the op-
eration of web-based IS.

For a detailed description of the process measurement scheme for the IS prop-
erty, it is proposed to represent a subset of the ObPMF objects of the LProp category as 
a  set of the following subsets

Ob Ob Ob ObPMF AbL PA RS�� �, , ,	 (1.26)

where ObAbL – a subset of the LProp category objects that describe the levels of possi-
bilities of the IS property; ObPA – a subset of the LProp category objects that describe 
the process attributes used to measure the value of the level of possibilities of the 
IS  property; ObRS – a subset of objects of the LProp category that describe the rating 
scale used to measure the value of the capability level of the IS property.

Detailed descriptions of these subsets are also determined by the approach for-
mally described in (1.23).

Then, the basic attributive model of capability levels is proposed to be repre
sented by a tuple that has the form

M L Name L M L DesAbL
B

i ni
=

=1,...,
_ , _ , _ ,	 (1.27)

where L Name L Des
i

_ , _   – a tuple of attributes that describe the i-th capability 
level; n – the number of capability levels determined by the results of choosing 
a specific maturity model (Capable Maturity Model, SPICE, etc.); L_Name – an at-
tribute that describes the name of the capability level; L_M  – an attribute that 
describes the name of the maturity model selected as the source of describing the 
capability levels; L_Des –an attribute that describes the textual definition of the 
capability level.

The basic attributive model of process attributes is proposed to be represented 
by a tuple that has the form
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M PA Name PA Des PA Date B PA Date EPA
B

j mj
=

=1,...,
_ , _ , _ _ , _ _ ,	 (1.28)

where PA Name PA Des PA Date B PA Date E
j

_ , _ , _ _ , _ _  – a tuple of attributes that de-
scribe the j-th process attribute; m  – the number of process attributes, which is 
determined by the results of choosing a specific maturity model (Capable Matu
rity Model, SPICE, etc.); L_Name  – an attribute that describes the name of the 
process attribute; L_Des – an attribute that describes the textual definition of the  
process attribute.

The basic attributive model of the rating scale is proposed to be represented by 
a tuple that has the form

M
RS Name RS Des RS Date B RS Date E

RS DB RSRS
B

k p

=
=1,...,

_ , _ , _ _ , _ _ ,

_ , _DDT RS Ch
k

, _
,	 (1.29)

where RS_Name – attribute describing the name of the rating scale; RS_Des – attribute 
describing the textual definition of the rating scale; RS_Date_B – attribute describing 
the date of the start of the rating scale application; RS_Date_E – attribute describ-
ing the date of the end of the rating scale application; RS DB RS DT RS Ch

k
_ , _ , _  – tu-

ple of attributes describing the k-th range of the rating scale; p – number of ranges 
of the rating scale, determined by the results of the selection of a specific maturity 
model (for example, according to the ISO 15504 standard and the ISO 330XX group 
of standards p = 4); RS_DT – attribute describing the minimum quantitative limit of 
the k-th range of the rating scale; RS_DT – attribute describing the maximum quan-
titative limit of the k-th range of the rating scale; RS_Ch – attribute describing the 
symbolic definition of the k-th range of the rating scale.

For a detailed description of the process measurement model by the IS property, 
it is proposed to represent a subset of ObAM objects of the LProp category as a set of the 
following subsets

Ob Ob Ob ObAM PAM Tr
As

Ind
As�� �, , ,	 (1.30)

where ObPAM  – a subset of LProp category objects that describe the attributes of 
processes used during measurement; ObTr

As – a subset of LProp category objects that 
describe transactions as IS CIs, the state of which is measured; ObInd

As  – a subset of 
LProp category objects that describe indicators used to measure the state of a trans-
action as IS CIs.    

Detailed descriptions of these subsets are also determined by the approach for-
mally described in (1.23).
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Then, it is proposed to represent the basic attributive model of process attri-
butes used during measurement by a tuple that has the form

M PA Name PA Val PA DT AsPAM
B

j m l s
l j

=
= =1 1,..., ; ,...,

_ , _ , _ _ ,	 (1.31)

where PA Name PA Val PA DT As
l j

_ , _ , _ _   – a tuple of attributes that describe 
the j-th attribute of the process used in measurement; PA_Name  – an attribute 
that describes the name of the process attribute used in the measurement; 
PA Val PA DT As

l
_ , _ _  – a tuple of attributes that describe the result of the l-th mea-

surement of the value of the j-th process attribute; PA_Val – an attribute that de-
scribes the value of the j-th process attribute, which is the result of the l-th mea-
surement; PA_DT_As  – an attribute that describes the date and time of the l-th 
measurement of the j-th process attribute; s – the number of measurements planned 
within the implementation of the PDCA cycle iteration.

The basic attributive model of a transaction as a IS CI, the state of which is mea-
sured, is proposed to be represented by a tuple that has the form

M Tr Name Tr DT As CI NamTr
B As

t t c c

As

act act

,

,..., ; ,...,
_ , _ _ , _=

= =1 1
eeAs

c t
,	 (1.32)

where Tr Name Tr DT As CI NameAs As

c t
_ , _ _ , _   – a tuple of attributes describing 

the t-th transaction as a IS CI participating in the measurement; Tr_NameAs – an at-
tribute describing the name of the transaction participating in the measurement;  
Tr_DT_As – an attribute describing the date and time of the transaction's participation 
in the measurement; CI NameAs

c
_  – a tuple of attributes describing the list of IS CIs as 

elements of the transaction participating in the measurement; CI_NameAs – an attribute 
describing the name of the IS CI as an element of the transaction participating in the 
measurement; c – a designation of the IS CI that is an element of the t-th transaction; 
cact – the maximum number of IS CIs that make up the t-th transaction on the date and 
time of the measurement; t – a designation of the transaction as a IS CI participating 
in the measurement; tact – the maximum number of transactions as CIs that make up 
the IS configuration option that is current on the date and time of the measurement.

The basic attribute model of indicators used to measure the status of a transac-
tion as an IS CI is proposed to be represented by a tuple, which has the form

M CI Name Ind Name Ind DT M Ind VInd
B As

q Ind

As As

act

,

,...,
_ , _ , _ _ , _=

=1
aal

q
,	 (1.33)

where CI Name Ind Name Ind DT M Ind ValAs As

q
_ , _ , _ _ , _   – a tuple of attributes that 

describe the q-th indicator used to measure the status of a transaction as a IS CI; 
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CI_NameAs – an attribute that describes the name of the IS CI (transaction or its in-
dividual element) participating in the measurement; Ind_NameAs – an attribute that 
describes the name of the q-th indicator used to measure the CI status; Ind_DT_M – an 
attribute that describes the date and time of measurement of the value of the q-th 
indicator; Indact – an attribute that describes the value of the q-th indicator as the re-
sult of the measurement, Indact – the maximum number of indicators used to measure 
the status of a transaction as a IS CI.

Based on the representations of the set of objects of the LProp category (1.22), 
(1.24), (1.26) and (1.30), it is proposed to represent the set of morphisms of the LProp 
category as a collection of the following subsets

Mor H H H Hop P G AbL PAM AM
PMF

Pr _ , , ,�� �,	 (1.34)

where HP_G – a subset of morphisms that determine the subordination of descriptions 
of the process measurement scheme and model by the property of the IS to descrip-
tions of the general characteristics of this property; HAbL – a subset of morphisms that 
determine the subordination of descriptions of process attributes and rating scales 
to descriptions of the levels of capabilities of the IS property; HPAM – a subset of mor-
phisms that determine the subordination of descriptions of transactions as IS CIs, 
the state of which is measured, and indicators of these transactions to descriptions 
of process attributes used during measurement; HAM

PMF  – a subset of morphisms that 
determine the subordination of descriptions of the process measurement model to 
descriptions of the process measurement scheme.

The HP_G subset of morphisms generally consists of the following morphisms

H H Hgeneral PMF
P G

AM
P G�� �_ _, ,	 (1.35)

where HPMF
P G_  – a morphism that determines the hierarchy of subordination of descrip-

tions of the process measurement scheme by the IS property to descriptions of the 
general characteristics of this property; HAM

P G_  – a morphism that defines the hierarchy 
of subordination of descriptions of the process measurement model by the IS prop-
erty to descriptions of the general characteristics of this property.

HAbL morphisms subset in the general case consists of the following morphisms

H H HAbL PA
AbL

RS
AbL�� �, ,	 (1.36)

where HPA
AbL  – a morphism that defines the hierarchy of subordination of descrip-

tions of process attributes to descriptions of the corresponding capability level;  
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HRS
AbL – a morphism that defines the hierarchy of subordination of descriptions of the 

rating scale to descriptions of the corresponding capability level.
HPAM morphisms subset in the general case consists of the following morphisms

H H HPAM Tr
PAM

Ind
PAM�� �, ,	 (1.37)

where HTr
PAM – a morphism that defines the hierarchy of subordination of descrip-

tions of transactions as IS CIs, the state of which is measured, to descriptions of 
process attributes used during measurement; HInd

PAM – a morphism that defines the 
hierarchy of subordination of descriptions of indicators used to measure the state of 
a  transaction as IS CI descriptions of process attributes used during measurement.

HAM
PMF  morphisms subset in the general case consists of a HPAM

PA  morphism that de-
fines the subordination of descriptions of process attributes used during measure-
ment to descriptions of process attributes of the measurement scheme.

A diagram of the structure of the category-theoretic model LProp, which describes 
the "Property" concept, is shown in Fig. 1.5.

Fig. 1.5 Structure diagram of the theoretical-categorical model LProp,  
which describes the concept of "Property"

ObAbL

ObPA

ObPMF

ObP_G

ObAM

ObPAM

LProp

ObRS

As
TrOb

As
IndOb

PAM
TrH

PAM
IndH

_P G
PMFH _P G

AMH

AbL
PAH

AbL
RSH

PA
PAMH

Modern standards and IT are focused on solving the problem of classical (perma-
nent) management of IS operations, in which deviations between the planned and 
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current values of state indicators of individual IS CIs are measured. The application 
of the LProp model in the process of solving the problem of effective management of 
the operation of web-based IS made it possible to formulate and formally solve the 
following variants of this problem:

– the problem of minimizing deviations in the values of the levels of capabilities 
of IS transactions at any of the levels of representation of this IS (the problem of op-
timizing the levels of maturity of IS and its elements);

– the problem of minimizing deviations in the values of the attributes of IS trans-
action processes at any of the levels of capabilities and levels of representation of 
this IS (the problem of optimizing the states of IS and its elements within the selected 
maturity levels);

– the task of minimizing deviations in the values of IS transaction indicators 
and their CI within individual process attributes at any of the levels of capabilities 
and levels of representation of this IS (the task of classical (constant) IS operation 
management).

1.6  Discussion of the research results

In the process of the research, a concept of effective management of the LC of an 
operated web-based IS was proposed. The proposed concept consists in a multi-level 
representation of a web-based IS as a product with a set of individual properties.  
In this case, each property of the IS is considered as a manifestation of the indi
vidual qualities of this system. Each quality, in turn, is proposed to be considered as 
the result of fulfilling a set of requirements and RFCs of the IS and its SI. This concept 
allows to formally describe the task of effective management of the LC of an oper-
ated IS as a task of achieving optimal characteristics of this IS for each of its specific 
properties and the minimum probability of the existence of unresolved incidents and 
RFCs during the operation stage of this IS.

For a formal description of the proposed concept, a generalized model of ef-
fective management of the operation of web-based IS (1.5)–(1.11) and a complex 
of theoretical and categorical models (1.1)–(1.4) were developed, which detail 
the description of the elements of this model. The use of the apparatus of cate
gory theory allows to further present the generalized model (1.5)–(1.11) as a finite 
state machine, the transitions between the states of which are associated with the 
change of the alphabets of the description of these states, although they retain 
their structural features. Such a representation allows to consider the developed 
models  (1.1)–(1.11) in further studies as the basis for a formal description of the 
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automated effective management of the operation of web-based IS based on the 
"Plan – Do – Check – Act" cycle. This description can exist provided that it is possi-
ble to prove the possibility of transforming the corresponding finite state machine 
into a consistent set of simpler finite state machines that describe IT processing of 
data structures at each stage of the cycle [6].

Based on the developed generalized model (1.5)–(1.11), a formal description 
(1.12) of the purpose of classical (permanent) LC management of the operated IS 
and limitations (1.13)–(1.15) was developed. Taking into account these formal de-
scriptions and the results of the development of the concept of effective LC man-
agement of an operated web-based IS, a formal description of the objective function 
of effective management of the LC of an operated IS (1.16) and systems of con-
straints  (1.17)–(1.20) was developed. The obtained results allow to define the prob-
lem of classical (permanent) LC management of an operated IS (1.21) as a special case 
of the problem of effective management.

To clarify the formal statement of the problem of effective LC management 
of an operated web-based IS, a theoretical-categorical model of the properties of 
an operated web-based IS (1.22)–(1.37) was developed. The use of the developed 
theoretical-categorical model LProp allowed to significantly change the features of the 
statement and solution of the problem of effective management of the operation of 
a web-based IS. Solving this problem using the developed model (1.22)–(1.37) will 
allow not only to maintain the operated IS in a stable state, but also to determine the 
optimal levels of maturity of the IS and its individual transactions from the point of 
view of the Consumer and the Provider of IT services. This allows stakeholders to 
plan and manage the recognition of the feasibility and implementation of the follow-
ing measures during the operation of a web-based IS:

– standardization (typification) of individual IS transactions and IS as a whole at 
any of the representation levels;

– to ensure the manageability of individual transactions of the IS and the IS as 
a  whole (in real time or time close to real);

– to ensure the optimal operation of individual transactions of the IS and the IS 
as a whole.

It should be noted that a significant number of modern studies in the field of 
PLM, ALM and SLM use the mathematical apparatus of graph theory for the formal 
description of the tasks to be solved. Examples of such studies are [40, 41]. In  con-
trast, in this study, the mathematical apparatus of category theory was used for 
the formal description of the tasks of LC management of the operated IS. The theo
retical and categorical models of the operated IS and the tasks of LC management 
of this IS used and developed in this study are based on the ontology of web-based 
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IS services management proposed by one of the authors of the study in [27] and 
allow to establish:

– the boundaries of domains and data structures used to describe individual con-
cepts of the ontology;

– the rules for transforming domains and data structures when creating connec-
tions between different concepts of the ontology.

The applied application of the models developed in this study makes it possible to 
transition to effective LC management of an operated IS without global reengineer-
ing of systems and technologies for data storage and processing. The vast majority 
of  IT products for LC management of an operated IS are highly specialized and rel-
atively new products that occupy a small market segment. Therefore, systems for 
LC  management of an operated IS are most often the result of integrating a large 
number of such highly specialized products. The proposed theoretical and categori-
cal models allow in such cases [6]:

– to determine domains and data structures for technologies for integrating het-
erogeneous IT products into a single system;

– to ensure the transition from classical to effective LC management of an IT service 
system without serious changes in the list of highly specialized products in operation.

Also important from an applied point of view is the proposed presentation of the 
existing problem of classical (permanent) LC management of an operated IS as a sep-
arate case of the problem of effective management. This representation allows to 
consider the design and implementation of an effective LC management system of 
operated IS as a gradual evolutionary development of the previously created and 
already operating system for the classical LC management of IT services.

The main limitation of this study is the need to use complete descriptions of all el-
ements of this IS to solve the problem of effective LC management of an operated IS. 
This means that during at least one iteration of the "Plan – Do – Check – Act" cycle, 
IS administrators must interact with a complete digital model of this IS at all levels 
of representation to solve individual tasks of LC management. The development 
and maintenance of such a model is a complex and costly task. But this limitation is 
methodological in nature and is valid for any work in the field of change management 
of developed or operated IS (which is confirmed, for example, by studies [42, 43]).

Another feature of the obtained results is their orientation on the LC manage-
ment of the operated IS in conditions of constant changes in business processes, 
functions and elements of IT infrastructure. This feature is a consequence of the 
generalization of applied experience in supporting and ensuring the functioning of 
IS management of enterprises and organizations in conditions of martial law, which 
is in force in Ukraine [6].
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Although the obtained research results are methodological in nature, they should 
be recognized as important for further theoretical and applied research in the field of 
creating PLM-, ALM- and SLM-IS and IT. The main further directions of development 
of this research are [6]:

– determination of the set of properties of the operated IS and efficiency indica-
tors for these properties;

– development of new and improvement of existing models, detailing the formal 
description of the task of effective management;

– development and implementation of methods and algorithms for solving prob-
lems of effective management of various IS and IT options.

1.7  Conclusions

The concept of the task of effective LC management of an operated IS as an IT 
service system is formulated. The formulated concept allows to formally describe 
the task of effective LC management of an operated IS as the task of achieving op-
timal characteristics of this IS for each of its specific properties and the minimum 
probability of the existence of unresolved incidents and RFCs during the operation 
stage of this IS. The result obtained takes into account the points of view of the 
Supplier and Consumer of IT services as the main stakeholders of web-based IS.  
During further research, the main attention was paid to the development of el-
ements of the methodology for effective management of the operation of web-
based IS precisely from the point of view of the Supplier as an IT company that 
provides (sells or leases) its own web-based IS for operation by enterprises or or-
ganizations acting as Consumers.

A generalized model of effective management of web-based IS operation 
(1.5)–(1.11) and a set of theoretical and categorical models (1.1)–(1.4) that detail 
the description of the elements of this model have been developed. The developed 
models are a formal basis for creating IS and IT for effective management of web-
based IS operation without global reengineering of systems and technologies for 
data storage and processing. Unlike existing models of a similar purpose, the devel-
oped models allow establishing the boundaries of domains and data structures used 
to describe the elements of the generalized model (1.5)–(1.11), as well as the rules 
for transforming domains and data structures when creating connections between 
different elements of this model.

A formal statement of the problem of classical (permanent) LC management 
of operated IS as an IT service system has been developed. A formal description of 
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the objective function (1.12) and constraints (1.13)–(1.15) of this problem is pro-
posed using the apparatus of category theory and set theory. The developed formal 
formulation is based on the existing definition of the goal of such management as 
maximizing the satisfaction of IS users based on the results of each iteration of the 
"Plan – Do – Check – Act" cycle of LC management of the operated IS. It is proposed 
to consider the IS state as a formal sign of such satisfaction as the number of inci-
dent reports and RFCs of the operated IS tending to 0. The results obtained allow 
to formally describe the task of LC management of the operated IS in conditions of 
stable  (unchangeable) business processes and IT infrastructure of enterprises and 
organizations as objects of automation.

A formal description of the objective function (1.16) and constraints (1.17)–(1.20) 
of the task of effective LC management of the operated IS is proposed using the ap-
paratus of category theory, set theory and elements of probability theory. It is de-
termined that the task of classical (permanent) LC management of the operated IS is  
a special case of the proposed task of effective management. Practical application of 
the proposed formal description of the task of effective LC management of an operated 
IS allows improving SLM-systems for LC management of an operated IS without global 
reengineering of existing systems and technologies for data storage and processing.

A theoretical and categorical model of the IS property (1.22)–(1.37) has been de-
veloped. This model allows formally describing any IS property taking into account 
the current requirements set by modern standards for the implementation of the 
processes of assessing the LC of the system. Using the developed model (1.22)–(1.37) 
allows solving tasks for automating effective planning and management of the oper-
ation of web-based IS.
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Abstract
The object of the study is the process of managing IT project decisions.
During the study, the problem of modeling losses during the design of a descrip-

tion of an information system (IS) element in conditions of incompleteness or lack 
of complete information about this element was solved. Research in this area is de-
voted to the development and improvement of models for making design decisions 
in conditions of complete certainty, risk and partial uncertainty. The formation and 
making decisions on managing IT projects in conditions of partial uncertainty remain 
almost unexplored.

It is proposed to use for the IT industry a cause-and-effect scheme for the for-
mation of losses in industrial production due to the lack of information. According 
to this scheme, the consequences of the situation of the lack of information about 
the description of the IS element and the loss models that characterize these con-
sequences were analyzed. The proposed scheme was adapted to the features of the 
design and implementation processes of IS elements. Detailed loss models were de-
veloped for the four main consequences of the situation of incompleteness or lack of 
information about the description of the IS element.

Experimental verification of the obtained results was carried out on the basis 
of the IT project for the creation of the "Electronic Compulsory Motor Third Party 
Liability Insurance Policy" service. The consequences of identifying an incomplete 
description of this service during the design process were considered. Two options 
for replacing the incomplete description of this service were proposed: develop-
ing the service "from scratch"; using the description of the "Online Store" module  
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functions selected from the IT project backlog. For the first option, the estimate 
of possible losses is $123300.12. For the second option, the estimate of possible 
losses is $50000.

During the analysis of the obtained results, it was noted that the obtained es-
timates characterize losses only on the IT project iteration that is planned. To in-
crease the accuracy of the assessment of losses from eliminating the situation of 
lack of information about the description of the IS element, further research was 
deemed necessary. It was also deemed appropriate to conduct prospective research 
on the creation of IS and information technologies to support the assessment and 
decision-making of the management of an IT company and its IT projects in a time 
regime close to real time.

Keywords
IT project, description of a system element, incomplete information, cause-and-

effect scheme, loss model, information system function.

2.1  Introduction

The decision management process is one of the technical project manage-
ment processes [1]. The processes in this group are used to establish and deploy 
plans, execute plans, assess actual achievement and progress against plans, and 
manage project performance. The scope of these processes is the technical man-
agement of a  project or its products for inclusion in a system. Therefore, individ-
ual technical management processes can be applied at any time in the life cycle 
and at any level in the project hierarchy, as required by plans or due to unfore-
seen events [1].

The purpose of the decision management process is defined in [1] as providing 
a structured, analytical framework for objectively identifying, characterizing, and 
evaluating multiple solution alternatives at any point in the system life cycle and 
selecting the most advantageous course of action. This process is used to solve 
technical or design problems and respond to solution requests that arise during 
the system life cycle, and to determine the alternative that provides the best re-
sults in a given  situation.

However, the problems of decision-making in project management are far 
from being completely solved. Thus, in  [2] the scope of project execution "Un-
certainty" is defined, which covers operations and functions related to risk and 
uncertainty. The allocation of this scope confirms the understanding of the im-
portance of using models and methods for solving decision-making problems 
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under risk and partial uncertainty in project management systems. But when 
it comes to specific recommendations for the implementation of such mod-
els and methods, in [2] only the following options for responding to uncertainty  
are proposed:

– collecting additional information;
– preparing for several final results;
– design based on a set;
– developing resilience.
All of these options require additional time during project management, which 

is undesirable, especially for such a type of project as IT projects. The reasons for 
such undesirability lie mainly in the possibility of significant time losses as a result 
of exceeding the deadlines for the implementation of the IT project. The options 
for responding to uncertainty specified in [2] leave open the question of the pos-
sibility of using already known models and decision-making methods in IT project 
management. It should be recognized that such models and methods were mainly 
developed for other types of management than IT project management. Therefore, 
there is a  need to conduct scientific and applied research in the field of developing 
new and using existing models and decision-making methods under uncertainty to 
solve IT  project management problems.

2.2 � Analysis of current research in the field of IT project 
decision management

Modern analysis of the application of traditional project management models 
and methods recognizes as the main challenge and the main direction of research 
in this field the complexity of project processes, due to which they do not meet 
the initial deadlines, cost, quality and business goals [3]. Based on this, in [3] the 
following main difficulties in project management are highlighted: delays in the 
project implementation schedule; lack of clearly defined goals and support from 
management/company; changes in scope; insufficient resources; poor risk man-
agement and measurement of project effectiveness; lack of communication be-
tween project participants. All these difficulties lead to solving project manage-
ment problems under conditions of risk or partial uncertainty. Such conditions, 
in turn, necessitate the use of formal models and decision-making methods in the 
decision management process discussed above. The importance of using deci-
sion-making models and methods based on a scientific approach in project man-
agement is also confirmed by experimental studies. Thus, in  [4], data from two 
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randomized controlled studies involving 382 entrepreneurs were analyzed, who 
were divided into two groups:

– a group of "scientific" entrepreneurs, who were trained in a scientific approach 
to decision-making regarding project selection before the experiments began;

– a group of "ordinary" entrepreneurs.
The results of the analysis presented in [4] allow to draw the following conclusions:
– the increased probability of project termination by "scientific" entrepreneurs is 

associated with greater accuracy in determining the cost of the project;
– "scientific" entrepreneurs are faster to adjust their expectations regarding the 

cost of the project downwards before making a decision to terminate the project;
– "scientific" entrepreneurs generate a greater number of new ideas, and a greater 

proportion of their projects end with the opening of a business;
– in the long term (up to five years), the initial difference in termination rates be-

tween "scientific" and "ordinary" entrepreneurs is equalized;
– the control group, which consisted of "regular" entrepreneurs, shows a higher 

rate of project abandonment in the long term (up to five years).
These findings generally support the idea that "scientific" entrepreneurs are not 

overly critical in their evaluation of their projects; rather, by abandoning projects 
with lower potential earlier, they can free up resources to reallocate elsewhere [4].

It should be recognized that in general, scientific methods and decision-making 
models are used in the management of a wide variety of projects. Thus, according to 
the results of the study [5], it is proposed that outsourcing decisions, including the 
choice of outsourcing service and contractor, be made by an expert group. [5] also 
considers constant monitoring and control of the quality of external units and the 
satisfaction of stakeholders to be important. [6] proposes to use a resource optimiza-
tion model based on a genetic algorithm to solve the problem of resource optimiza-
tion in the management of research projects. [7] proposes to use object information 
modeling technology to visually display the cost of the project, generalize and inte-
grate various costs and, thus, obtain a total budget for the cost of the project to find 
optimization solutions in order to facilitate analysis and decision-making by project 
managers and relevant personnel. However, all the studies considered are based on 
the assumption that decision-making in project management is carried out under 
conditions of certainty.

Issues of decision support in project management under risk and uncertainty 
are also highlighted in modern research. Thus, the main structural components,  
elements and functions of an intelligent software system are described in [8], which 
is a tool for supporting management decisions in the implementation of practical 
projects in the field of economic management. This system is built on the principles 
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of the methodology for optimizing adaptive project management using network 
economic and mathematical modeling and the feedback principle. The use of this 
methodology allows taking into account the incompleteness of information asso
ciated with the failure or delay of specific project operations.

In [9], a review of solutions for computer-aided decision support for offshore 
software outsourcing in the global context of the development of such systems 
is provided. In particular, in [9] ten main key factors related to the decision-mak-
ing process in the IT industry were identified, namely: human communication, 
cost reduction, organizational and professional maturity, project management 
methods, IT infrastructure support, language restrictions, knowledge-based sup-
port, changes in requirements, legal issues and cultural diversity. However, the 
data obtained in [9] show that the software industry lacks effective and efficient 
decision-making models that take into account the specifics of the IT industry and, 
in particular, the features of management in IT projects. The conclusion about the 
lack of application of effective and efficient models of decision-making and deci-
sion-making in IT project management is also confirmed by the results of other 
studies. Thus, in [10] an approach to decision analysis is proposed, which allows 
for the implementation of structured, reproducible and group execution of rel-
evant procedures using a decision support system. However, this approach, as 
shown in [10], has only a methodological basis. In [11], a study was conducted to 
support decision-making on the implementation of test automation in the context 
of Agile-based Software Development.

In total, the study identified twenty-one factors that significantly affect test 
automation in the specified context. But the final result of applying the identi-
fied factors in [11] is only a conceptual model designed to help managers practic-
ing  Agile make decisions on the implementation of test automation in the speci-
fied context.

The results of the analysis allow to conclude that it is appropriate to conduct 
scientific and applied research in the field of developing new and improving exist-
ing formal models and decision-making methods for IT project management. These 
studies, taking into account the results obtained in [4], are proposed to be based on 
the following assumptions:

– the greatest effect from the application of these models and methods should be 
expected when making decisions on current and operational management of work at 
the early stages of the project;

– it is desirable to use such models and decision-making methods from various 
aspects of project management that would allow to assess the impact of the studied 
alternatives of the decision being formed and adopted on the overall assessment of 
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the project cost and, accordingly, on the estimates of the costs of performing the 
work of this project.

These assumptions made it possible to determine that the purpose of this 
study is to develop loss models when designing a description of the elements of the 
enterprise management information system (IS) in conditions of incompleteness 
or lack of complete information about these elements. The use of these models  
will allow formalizing the procedure for choosing a rational option for using 
personnel and IT infrastructure of an IT company during the design or imple
mentation  of IS elements, the descriptions of which are characterized by incom-
plete information.

To achieve this aim, it is proposed to solve the following research objectives:
– adapt the situational-consequential scheme of production losses due to lack of 

information to the features of the design processes of IS elements;
– develop and implement detailed loss models for the main consequences of pro-

duction losses and decision-making on managing iterations of the implementation of 
the IT project of creating IS;

– perform experimental verification of the results obtained.

2.3  Research models

To determine the mechanism of loss formation during the design and imple-
mentation of IS elements, it is proposed to apply the existing causal scheme of loss 
formation in production due to the lack of information (Fig. 2.1) [12]. It should be 
noted that causal schemes are considered by some modern researchers as one of the 
means of overcoming uncertainty in project management [13].

In Fig. 2.1, the following designations are adopted: Ex1 – "Replacing missing in-
formation with other, for example, scattered or indirect" consequence; Ex2 – "Con-
centration of production resources on performing work not for their direct purpose" 
consequence; Ex3 – "Transferring production resources to performing work that 
corresponds to their direct purpose" consequence; Ex4 – "Refusal to use resources 
due to the lack of information for making management decisions" consequence; 
Ex5  – "Any measures to maintain the required duration of the production cycle 
are not taken" consequence; Ex6 – "Intensification of the production process after 
the elimination of uncertainty" consequence; P1–P8 and P′9–P ′13 – losses character-
izing the corresponding consequences; Psum – total losses of the consequence Ex1;  
W1–W3 – penalties for failure to complete the planned work on time. A detailed de-
scription of these elements is given in [12].
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The situations in the result of a lack 
of information

Situations after receiving 
information

P1 P′9 P′10 P′11 P′12 P′13

W1 W2 W3 W1 W2 W3

Psum

P2 P3 P4 P5 P6 P7 P8

Ex2Ex1 Ex3 Ex4 Ex5 Ex6

Fig. 2.1 Cause-and-effect scheme of production losses due to lack of information

The occurrence of a situation where there is no information can lead to one of the 
consequences Ex1, Ex2, Ex1 and Ex4. The consequence Ex1 attracts the most attention 
among them, because it allows replacing the description of an IS element for which 
complete information is missing with reusable descriptions of other IS elements be-
ing designed or other IS. The loss models P1 and P2, which characterize the conse-
quence Ex1, have the form [12]:

P S R H kadd1 � � � ,	 (2.1)

P SR H k2 � � �� ,	 (2.2)

where P1 – losses from the absence of information in the event of the need for fur-
ther processing with replacement information; Sadd – the average cost of additional 
processing of replacement information; R(H) – the average number of occurrences of 
situations of absence of information for the analyzed period of time T with a certain 
composition of information H = {h1, h2,…, hn}; k – the coefficient of quality of manage-
ment decision-making; P2 – losses from the absence of information in the presence 
of a difference in the cost of information being replaced and information being re-
placed; DS – the average difference in the cost of information being replaced and 
information being replaced. In some cases, as shown in the scheme (Fig. 2.1), these 
losses are summed up.
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According to the result of Ex2, production resources are concentrated on per-
forming work not for their direct purpose. For this case, the loss models P3 and P4, 
which characterize the consequence of Ex2, have the form [12]

P S lt H R H kres
t

indefav

st
3 1� �� ( ) ( ) 	 (2.3)

provided t H tindef c( )≥ ;

P S lt H R H kres
t

cav

st
4 1� �� ( ) ( ) 	 (2.4)

provided that t H tindef c( )< , where P3, P4 – losses from uncertainty of the situation  
due to the lack of management information when transferring resources to per-
form work not for their direct purpose; b – coefficient of losses on the cost of re-
sources when they perform work not for their direct purpose; Sres

t

av

st  – average cost of  
a resource unit for a normalized period of time tst; l – number of conditional units of 
resources; t Hindef ( ) – average time of uncertainty of the situation with a certain infor-
mation composition H; tc – average cycle of performing a normalized unit of work; 
k1 – coefficient of quality of work performance.

The consequence Ex3 is characterized by the transfer of production resources 
to perform work that corresponds to their direct purpose, which is possible in the 
case when the production process has additional components that ensure the em-
ployment of resources for a time not less than the time of uncertainty of the sit-
uation. If, to eliminate forced downtime of resources, the work is selected from 
a  random set of unfinished work (if such is always available) and at the same time 
the creation of any special reserve is not required, then the losses can be calculated 
by the formula [12]

P
R H tS t H

Tt
W Sav nc w indef

c
sum unfin w5 � �

�

�
�

�

�
��

( ) ( ). .
. ,	 (2.5)

where t – the time period under consideration; Sav nc w. .  – the average cost of an un-
performed unit of work as a result of transferring resources; Wsum – the total value of 
penalties for failure to complete scheduled work on time as a result of transferring 
resources to reserve work; Sunfin w.  – the cost of completing unfinished work.

If a special reserve of work is created, then the losses are [12]
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where Sreserve – the cost of creating a special reserve of work; Scompl w reserve. .  – the cost of 
the completed reserve of work.

Consequence Ex4 is a situation when, due to the lack of information for making 
management decisions, resources are not used. Losses in this case are proposed  
to be estimated in [12] as follows

P S lt H R Hres
t

indefav

st
7 � � ( ) ( )	 (2.7)

provided t H tindef c( )≥ ;

P S lt R Hres
t

cav

st
8 � � ( )	 (2.8)

provided t H tindef c( )< .
After receiving the information necessary for making management decision in-

formation, consequences Ex5 and Ex6 arise. They are the results of consequences Ex2, 
Ex3 and Ex4. Let's define consequence Ex5 as a consequence in which no measures 
are taken to maintain the required production cycle duration. Naturally, in [12] it is 
assumed in this case that tc will increase by tindef(H) from the moment of time at which 
the cycle was interrupted.

For the consequence Ex5, if the lack of information does not lead to an increase in 
the volume of work in progress, the losses are estimated as follows [12]

� �P Wsum9 .	 (2.9)

In the case of an increase in the volume of work in progress, losses are deter-
mined as follows [12]

� � �P
S t h R H

T
Wunfin indef

sum
av
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( ) ( )
,	 (2.10)

where Sunfinav  – the average cost of work in progress.
The losses associated with the penalty for the consequence Ex5, in the case 

of an increase in tc, may have different values. If the increase in tc does not lead to  
an increase in the critical period, W1 = 0; if tc increases and exceeds the critical pe-
riod by an amount not greater than that specified in the relevant regulatory docu-
ments, then

W S R Hunfin
compl

av2 �� ( ),	 (2.11)
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and in the case of an excess of tc over the critical period by an amount greater than 
that specified in the standards,

W S R Hunfin
compl

av3 1�� ( ),	 (2.12)

where α, α1 – the corresponding penalty coefficients for the specified cases;  
Sunfin
compl

av
 – the average total cost of work in progress.

The consequence Ex6 is characterized by the fact that the production process 
after the elimination of uncertainty intensifies. If the increase in tc due to the un-
certainty of the situation can be eliminated without additional costs, for exam-
ple, by reducing the inter-operational lag, the losses are zero ( � �P11 0). A possible 
option is when, in order to reduce tc, the process is intensified by overtime use of 
resources [12].

Then, if � �t t Hindef ( ), losses � � �P S lt H R Hres
t

indefav

st
12 � ( ) ( ), where γ – the coefficient that 

increases the cost of resources in the case of their use in overtime; Dt – the maxi-
mum possible reduction in the cycle duration. When [12]
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The losses due to penalties when increasing tc are determined by formulas 
(2.11), (2.12) [13].

The scheme considered in Fig.  2.1 was developed for manufacturing enter
prises and does not take into account the peculiarities of the processes of designing 
and implementing IS elements. In addition, the loss and penalty models (2.1)–(2.13) 
are not detailed, which makes their application in managing an IT project for creat-
ing or improving IS much more difficult.

2.4 � Results of adapting the causal scheme of production losses to the 
features of the design processes of an information system element

In the course of adapting the causal scheme of production losses due to lack of 
information [12], it was decided to take into account the following features of the 
design and implementation processes of IS elements in an IT company:

– each specific IS corresponds to a separate IT project, which is performed by 
IT company employees within a predetermined time frame;

– an IT company can simultaneously perform several different IT projects;
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– management of IS element development teams is carried out iteratively based 
on Agile IT project management methodologies;

– the description of each IS element being created is performed by one or more 
developers using a uniform structured template of this description H;

– in the process of forming descriptions of individual IS elements, developers 
strive to achieve the maximum possible reuse of descriptions of existing elements 
of similar IS;

– the content of the task backlog for the development team as a set of IS element 
descriptions and even the duration T of each iteration (sprint, etc.) are set at the be-
ginning of execution;

–  the content of the task backlog rarely changes during the iteration being  
performed.

Here and now, the developers of IS elements will be understood as IT service 
providers who are employees of an IT company that takes responsibility for creating 
IS according to the requirements of IT service consumers [14] during all relevant 
stages of the IS life cycle [1].

These features allowed to formulate the definition of the consequences high-
lighted in the scheme as follows:

– consequence Ex1: "Replacement of missing information with information about 
a similar IS element that is reused";

– consequence Ex2: "Concentration of IT company personnel and IT infrastruc-
ture elements on the design or development of other IS elements";

– consequence Ex3: "Transfer of IT company personnel and IT infrastructure ele-
ments to the design or development of other elements of the same IS";

– consequence Ex4: "Refusal to use the personnel and elements of the IT infra-
structure of the IT company due to the lack of information about the IS elements";

– consequence Ex5: "Failure to take any measures to maintain the required dura-
tion of the iteration T";

– consequence Ex6: "Intensification of the processes of implementing the IT pro
ject of creating the IS after eliminating uncertainty".

Then the elements of the generalized loss formulas (2.1) and (2.2) are proposed 
to be interpreted as follows: P1 – losses from the lack of information in the event 
of the need for additional processing with information from the description of the 
reused IS element; Sadd – the average cost of additional processing of information, 
which is replaced, from the reused description of the IS element; R(H) – the average 
number of occurrences of situations of lack of information for the period of time T un-
der consideration, with a priori established template of the description of the IS ele
ment H = {h1, h2,…, hn}; k – the coefficient of quality of management decision-making;  
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P2 – loss from the absence of information in the presence of a difference in the value 
of the information being replaced and the information being replaced from the re-
used description of the IS element; DS – average difference in the value of the infor-
mation being replaced and the information being replaced from the reused descrip-
tion of the IS element.

The elements of the generalized loss formulas (2.3) and (2.4) are proposed to 
be interpreted as follows: P3, P4 – losses from the lack of management information 
when transferring personnel and IT infrastructure elements of an IT company to 
the design or development of other IS elements; b – coefficient of losses on the 
cost of personnel and IT infrastructure elements of an IT company when they are 
used during the design or development of other IS elements; Sres

t

av

st  – average cost 
of a unit of personnel and IT infrastructure elements of an IT company for a nor-
malized period of time tst; l – number of conditional units of resources (personnel 
and IT infrastructure elements) of an IT company that are used during the design or 
development of other IS elements; t Hindef ( ) – average duration of the uncertainty of 
the description of an IS element with a priori established template of this descrip-
tion  H = {h1, h2,…, hn}; tc – average duration of one iteration of the IT project work on 
the design and implementation of an IS element, tc = T.

The elements of the generalized loss formulas (2.5) and (2.6) are proposed to 
be interpreted as follows: P5 – losses from the transfer of personnel and IT infra-
structure elements of the IT company to perform work on the design or develop-
ment of IS elements in the case when this work is selected from a random set of 
unfinished work (if such is always available) and the creation of any special reserve 
is not required; P6 – losses from the transfer of personnel and IT infrastructure 
elements of the IT company to perform work on the design or development of 
IS  elements in the case when this work is selected from a created special reserve 
of work; Sav nc w. .  – the average cost of a unit of work not performed as a result of the 
transfer of personnel and IT infrastructure elements of the IT company; Wsum – the 
total value of penalties for failure to perform scheduled work on time as a result 
of the transfer of personnel and IT infrastructure elements of the IT company to 
reserve work.

The elements of the generalized loss formulas (2.7) and (2.8) are proposed to be 
interpreted as follows: P7, P8 – losses from non-use of personnel and IT infrastruc-
ture elements of the IT company due to the lack of information for making manage-
ment decisions.

Similarly, the semantics of costs ′P9  and ′P10 was clarified for the consequence Ex5 
and costs ′P11, ′P12 and ′P13, and for the consequence Ex6. However, this clarification 
slightly changed the descriptions and interpretations of these costs.
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2.5 � Results of developing detailed models of losses from lack 
of  information

The results of adapting the situational-consequence scheme of loss generation to 
the features of the design processes of IS elements, considered in Section 2.4, leave 
open the question of a detailed method of calculating these losses. Therefore, to ap-
ply the proposed mechanism of loss generation during the design and implementa-
tion of IS elements, it is necessary to develop detailed loss models that would allow 
obtaining quantitative estimates of losses for the consequences Ex1–Ex6.

In the process of formulating a detailed description of the loss models (2.1) and 
(2.2), it was established that the main problem lies in clarifying the formal descrip-
tion of the parameters Sadd  and DS. Based on the results of developing parametric 
models for estimating labor costs (the modern term is efforts) for the implementa-
tion of the COCOMO II IT project [15], the following assumptions were formulated:

– Assumption 1: at different stages of the IS creation life cycle, different models 
are used to estimate efforts;

– Assumption 2: the need for personnel to perform the estimated work during 
an iteration with a duration of T can be determined by dividing the obtained effort 
estimate by the value of the parameter T;

– Assumption 3: the costs of operating IT infrastructure elements in the most 
common conditions of an IT company's activity can be considered constant and 
evenly distributed over iterations with a duration of T.

These assumptions were proposed to be used as the basis for developing detailed 
loss models P1 and P2.

In the case of using the P1 (2.1) loss model to estimate losses in the case of con-
sequence Ex1, the most difficult thing is to determine the value of the parameter Sadd. 
Taking into account the above-mentioned features of the design and implementa-
tion processes of IS elements, as well as the results of adapting the cause-and-effect 
scheme of losses in production due to the lack of information, this parameter is pro-
posed to be described as follows
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where kzi – the normative value of the cost of wages of a developer who is engaged 
in the process of creating the z-th IS element in the time period T in the i-th posi-
tion; qzi(T) – the number of developers who are engaged in the process of creating 
the z-th IS element in the time period T in the i-th position; Stzi(T) – the operator that 
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establishes the fact that developers are in the process of creating the z-th IS ele-
ment in the time period T in the i-th position; kzj – the normative value of the cost of 
operating the j-th IT infrastructure element in the process of creating the z-th IS ele
ment in the time period T; qzj(T) – the number of j-th IT infrastructure elements op-
erated in the process of creating the z-th IS element in the time period T; CIzj(T) – an 
operator that establishes the fact of operation of the j-th IT infrastructure elements 
that are operated in the process of creating the z-th IS element in the time period T.

Taking into account Assumption 3, expression (2.14) can be written in a simpli-
fied form
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where CCI(z) – the constant value of the costs of operating IT infrastructure elements 
in the process of creating the z-th IS element in the time period T.

Thus, it is necessary to determine the number of developers qzj(T), which is re-
quired to eliminate the situation that arose as a result of the lack of complete in-
formation about the description of the IS element in the IT project iteration of 
duration T, which is planned or implemented. Based on the COCOMO model, this 
parameter is proposed to be calculated in the following way

q T P Tzi z( )= ,	 (2.16)

where Pz – the effort to perform additional processing of the replacing information.
When using the P2 (2.2) loss model to estimate losses in the case of the conse-

quence Ex1, the most difficult thing is to determine the value of DS. To do this, it is 
first necessary to establish the peculiarity of the difference in the values of the infor-
mation being replaced and the information being replaced. This peculiarity arises as 
a result of using the mechanism for reusing descriptions of previously developed IS 
elements. According to this mechanism, reuse of the description of an IS element is 
possible in one of the following cases:

– case I: the description was developed and implemented during one of the pre-
vious iterations;

– case II: the description is planned to be developed and implemented during  
the same iteration as the replaced description of the IS element, but one or more 
days earlier.

In case I, the value of the information value Srepm, which is replaced, is known to 
the developers for this element quite accurately from the reports on the progress of 
the previous iterations. In case II, the developers can only operate with an estimate 
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of the value of the information value Srepm
 , which is replaced. This estimate, by anal

ogy with (2.14) and (2.15), is proposed to be defined as follows:
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where r – the IS element, the description of which will be developed and reused in 
the planned iteration. The value of the quantity qri is set by a formula similar to (2.16).

As for the value of the information being replaced, developers can also operate 
only with its estimate Srepd

 . The value of this estimate is proposed to be calculated,  
by analogy with (2.17) and (2.18), as follows:
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where d – the IS element, the description of which is incomplete or missing at the 
time of planning the iteration.

Then the value in (2.2) is proposed to be determined as follows
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where

� �
�
�
�

��
S

S

S
repm r

repm r

repm r
,

,

,

 if (I),

 if (II).

	 (2.22)

Here (I) is case I of reuse of the r-th IS element; (II) is case II of reuse of the r-th 
IS  element.

Based on formulas (2.14)–(2.22), a detailed description of the loss model P1 (2.1) 
for the case of IT project management of IS creation is proposed to be presented 
as  follows
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or in a simplified case
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A detailed description of the loss model P2 (2.2) for the case of IT project manage-
ment of IS creation is proposed to be presented as follows
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Expressions (2.14)–(2.25) allowed to state that the choice of the consequence 
Ex1 will be appropriate only when the condition
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is met, i.e. in situations where the costs of reusing the information being replaced do 
not exceed the costs of designing and implementing "from scratch" IS elements, the 
descriptions of which are incomplete or absent.

In the process of formulating a detailed description of the loss models (2.3) and (2.4), 
it was established that the main problem lies in clarifying the formal description of the 
parameter b. Based on the above-defined features of the processes of designing and im-
plementing IS elements in an IT company, the following assumptions were formulated:

– Assumption 4: the transfer of personnel and elements of the IT infrastructure 
of an IT company from the IT project of creating IS A to the IT project of creating IS 
B is considered as replacing the backlog of tasks for developing IS elements A with 
the backlog of tasks for developing IS elements B;

– Assumption 5: the general mechanism for replacing information is single and 
unchanged for any IT project within an IT company.

Based on these assumptions, the value of the coefficient b is proposed to be cal-
culated in the case of replacing the description of one IS element A with the descrip-
tion of one IS element B as follows

� � �S S Srepd
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repm

IS

repd

ISA B A
   ,	 (2.27)

where Srepd

ISA
  – the estimated value of information about the descriptions of the ele

ments of IS A, which is being replaced; Srepm

ISB
  – the estimated value of information 

about the descriptions of the elements of IS B, which is being replaced.
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The value Srepd

ISA
  for one d-th element of IS A, the description of which is absent or 

insufficient for the performance of work on the design and implementation of this 
element, is proposed to be calculated by formulas (2.19) or (2.20). The value Srepm

ISB
  for 

one r-th element of IS B, the description of which is used during the formation of the 
team backlog instead of the description of the d-th element of IS A, is proposed to be 
calculated by formulas (2.17) or (2.18). Based on these estimates, expression (2.27) 
for the case of replacing the descriptions of two or more elements of IS A with de-
scriptions of two or more elements of IS B was modified as follows
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The product S lres
t

av

st ×  described the total resource costs for the normalized time 
period tst. For the case of transferring resources involved in the design and imple-
mentation of the d-th element of IS A to perform work on the design and implemen-
tation of IS B, this product is proposed to be described as follows:
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Then, in the general case, the product S lres
t

av

st ×  as a set of resources that were 
planned to be used to perform R(H) of the IS A elements, but due to the uncertainty 
of the descriptions of these elements, it is recommended to transfer them to the IS B 
IT project, is proposed to be described as follows
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Based on formulas (2.27)–(2.31), a detailed description of the loss model P3 (2.3) 
for the case of managing IT projects for the creation of IS A and IS B is proposed to 
be presented as follows
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provided that t H Tindef ( )≥ .
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A detailed description of the loss model P4 (2.4) for the case of managing IT pro
jects for the creation of IS A and IS B is proposed to be presented as follows
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provided that t H Tindef ( )< .
In the process of formulating a detailed description of the loss models (2.5) and 

(2.6), the following assumptions were made:
– Assumption 6: for any IT project to create an IS, there is always a project back-

log as a set of tasks, the design and implementation of which is planned within the 
framework of a set of iterations of this IT project;

– Assumption 7: any backlog of a development team can be described as a set 
consisting of two disjoint subsets – a subset of main tasks, which is necessarily 
non-empty, and a subset of reserve tasks, which may be empty.

The elements of the subset of mandatory tasks of the team backlog are tasks 
planned for design and implementation by the team in the current iteration. The ele-
ments of the subset of reserve tasks of the same backlog are tasks that are provided 
for design and implementation to team representatives in the event of either their 
full completion of all assigned mandatory tasks, or recognition of the impossibility 
of performing assigned mandatory tasks due to the absence or uncertainty of the 
description of these tasks.

Based on these assumptions, the definition of losses arising as a result of  
Ex3 is proposed to be specified as follows: P5 – losses from transferring personnel 
and IT infrastructure elements of the IT company to perform the task of designing 
and implementing an IS element in the case when it is selected from the project 
backlog; P6 – losses from transferring personnel and IT infrastructure elements of 
the IT company to perform the task of designing and implementing an IS element 
in the case when it is selected from the subset of reserve tasks of the development 
team backlog.

Initially, the situation of P5 losses was considered. In this case, a situation arises 
of replacing one or more tasks for the design and implementation of an IS element, 
the descriptions of which are missing or not defined with sufficient accuracy, with the 
corresponding number of tasks from the project backlog, the descriptions of which 
are fully defined. Then the estimate of the average cost Sav nc w. .  of a unit of work not 
performed as a result of the transfer of resources, by analogy with formulas (2.19) 
and (2.20), should be described as follows:
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where d – an IS element, the description of which is incomplete or missing at the time 
of iteration planning.

The estimate of the cost Sunfin w


.  of performing unfinished work, to which the per-
sonnel and IT infrastructure elements of the IT company were transferred, selected 
from a random set of unfinished work of the IS creation IT project, by analogy with 
formulas (2.17) and (2.18), should be described as follows:
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where r – an IS element, the fully defined description of which is selected from the 
project backlog.

As for the value of the parameter Wsum, in the general case it should be determined 
based on the policy of penalties for failure to perform work within certain time in-
tervals, which is fixed in the contract for the implementation of the IT project. This 
contract is concluded between an IT company acting as an IT Service Provider  (de-
veloper, IT project performer, etc.) and an organization or individual acting as an  
IT Service Consumer (customer, etc.). One of the classic examples of such a policy 
is the decision to pay a penalty as a predetermined percentage of the cost of an  
IT project for each working day during which the work remains unperformed. For 
this example, the parameter Wsum will take the value

W tk Psum project= % ,	 (2.38)

where t – the time period under consideration; k% – penalty coefficient, k% ,...,��� ��0 1 ,  
the value of which is fixed in the text of the contract for the implementation of the 
IT project; Pproject  – cost of the IT project, the value of which is fixed in the text of the 
contract for the implementation of the IT project.

Based on formulas (2.34)–(2.38), a detailed description of the P5 (2.5) loss model 
for the case when the task for replacement is selected from the project backlog is 
proposed to be presented as follows
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provided that t H Tindef ( )≥ . Otherwise, it should be assumed that t H Tindef ( )= .
Next, the situation of P6 loss occurrence was considered. In this case, a situation 

arises of replacing one or more tasks for the design and implementation of an IS el-
ement, the descriptions of which are absent or not determined with sufficient accu
racy, with the corresponding number of tasks from the development team backlog, 
the descriptions of which are fully determined. The estimate of the average cost 
Sav nc w. .  of a unit of work not performed as a result of the transfer of resources, in this 
case should be calculated using formulas (2.34), (2.35). The value of the parameter 
Wsum should be calculated using formula (2.38).

To calculate the value of the parameter Sreserve, it was proposed to consider the 
creation of the development team backlog as a task for the performance of which 
the appropriate personnel and resources are involved. The result of such a task is the 
development team backlog as a team activity plan for the time period T. Therefore, in 
the general case, Sreserve should be calculated using formulas:

S k q T St T k q T CI Treserve pi pi pi
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m

pj pj pj
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n
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1 1

,	 (2.40)
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where p – conditional resources (IT project staff and other resources) that were used 
to perform the work on planning the activities of the IT project team.

The cost of the completed work reserve Scompl w reserve. .  in this case is equal to the cost 
of tasks from the backlog reserve of the development team that were performed 
instead of tasks, which descriptions were recognized as incomplete. In this case, de-
velopers can only operate with an estimate of the value Scompl w reserve. . . This estimate, by 
analogy with (2.17), (2.18), is proposed to be determined as follows:
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where res – the IS element, the description of which is decided to be selected from 
the backlog reserve of the development team and used instead of the incomplete 
description of the IS element, which cannot be implemented during the current iter-
ation. The value of the quantity qri is set by a formula similar to (2.16).

Based on formulas (2.34), (2.35), (2.38) and (2.40)–(2.43), a detailed description 
of the loss model P6 (2.6) for the case when the task for replacement is selected from 
the backlog of the development team is proposed to be presented as follows
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provided that t H Tindef ( )≥ . Otherwise, it should be assumed that t H Tindef ( )= .
When developing detailed descriptions of costs P7 (2.7) and P8 (2.8), it was taken 

into account that the product S lres
t

av

st × , which determined the total resource costs for 
the normalized time period tst, was already described by expressions (2.29)–(2.31). 
In  this case, the difference is that the set of resources that were planned to be used 
to perform R(H) of the IS A is elements not transferred to the IS B IT project and is 
not used in any of the IT projects. Therefore, it was proposed to present the detailed 
descriptions of costs P7 (2.7) and P8 (2.8) as follows
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provided that t H Tindef ( )≥ ;
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provided that t H Tindef ( )< .
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In this case, the value of each element of the sum Sredp d

IS

d
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1

 is calculated using ex-

pressions (2.29) or (2.30).
For a detailed description of losses due to the consequences Ex5 and Ex6, which 

are the results of the consequences Ex2, Ex3 and Ex4, it was necessary to conduct addi-
tional research. The main goal of these studies was to study the features of planning 
multiple iterations of an IT project for creating an IS due to an increase or decrease in 
the duration of a separate iteration T. Therefore, in this study, a detailed description 
of losses due to the consequences Ex5 and Ex6 was not considered.

2.6  Experimental verification of the obtained results

2.6.1  Description of the initial data

To verify the results obtained, it was proposed to use the data of the IT project 
for the development of the service "Electronic Compulsory Motor Third Party Lia-
bility Insurance Policy" (CMTPL). The sale of this type of insurance policy was offi-
cially launched in Ukraine in accordance with the changes in the legislation of Febru-
ary 7,  2018. In this regard, the problem of developing and implementing IT services 
that allow automating such activities arose.

The IT company ProfITsoft, a leading software development company that also 
has deep expertise in the insurance domain and innovations in the InsurTech indus-
try, was engaged in solving this problem. It has been implementing IT projects for the 
development and maintenance of software for more than 20 years. In the Ukrainian 
market, ProfITsoft is known as the developer of the IS "Comprehensive System for 
Automation of Insurance Company Work – ProfITsoft" (KSASK), which is success
fully used by leading insurance companies [16].

The KSASK development began in 2006, when the functional module "Front-
office" was introduced. The following functions were developed within this  
module [17]: "Calculators", "Sales network", "Forms", "Commission", "Security".

In 2009, the system was supplemented with the functional module "Back-office". 
The following functions were developed within this module [17]: "Metadata-based 
interface", "Finance", "Settlement", "Reinsurance".

In 2013, KSASK implemented designers – tools that allow to configure any calcu-
lations, documents and output forms without the need to modify the entire system 
or its individual modules. In addition, the functional modules "Underwriting" and 
"Import of contracts" [17] were implemented during this period.
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In 2014–2019, KSASK gradually transitioned from a modular to a service ar-
chitecture. In addition, the following modules were developed in the system [17]:  
"Online-shop" (aka "Internet store"), "Settlement designer", "Integrations" (a module 
that supports data exchange via API with external platforms (EWA, PrivatBank, etc.)).

By 2021, KSASK had developed as follows [17]:
– calculator designer was developed;
– "Financial monitoring" and "Quote requests" services were developed;
– mobile version of KSASK software was developed;
– transition from a service to a microservice architecture of the system began.
In 2022–2024, KSASK was adapted to the new requirements of the National 

Bank of Ukraine, which came into force in 2024 in accordance with the Law "On Insur-
ance" (No. 1909-IX). As a result of the adaptation, KSASK began to provide automa-
tion of all business processes of insurance companies, in particular, accounting of con-
tracts, financial monitoring, formation and submission of reports in accordance with 
the requirements of the regulator. The system supports electronic signatures and 
integration with key state registers and services, ensuring reliability, transparency 
and control of all operations. KSASK has already been updated to comply with new 
classifications of insurance products and accounting by business lines, which makes it 
a reliable solution for meeting the requirements of the National Bank of Ukraine [18].

At the time of the initiation of the IT project for the development of the "Elec-
tronic CMTPL Policy" service (2017), the basic version of KSASK consisted of the 
following functional modules:

– "Insurance Calculator";
– "Accounting for Contracts";
– "Import of Data Lists";
– "Underwriting";
– "Accounting for Forms";
– "Commissions";
– "Finances";
– "Settlement";
– "VMI" (voluntary medical insurance);
– "Reporting to the Motor (Transport) Insurance Bureau of Ukraine (MTBU)";
– "Online Store";
– "Administration";
– "CRM";
– "Business Processes";
– "Releases";
– "Help".
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The service "Electronic CMTPL Policy", the development of which was the main 
goal of the IT project, according to the requirements set for it, was to consist of the 
following functions:

– "Filling out an electronic policy";
– "Checking an electronic policy";
– "Issuing an electronic policy";
– "Selling an electronic policy";
– "Printing an electronic policy agreement";
– "Checking the validity period of an electronic policy";
– "Paying for an electronic policy";
– "Calculating the commission fee for an electronic policy";
– "Authorization via SMS".
The emergence of a business opportunity to sell an electronic CMTPL policy 

has led to the emergence of a corresponding business need in insurance companies. 
Therefore, ProfITsoft has identified the minimization of the time for the develop-
ment and implementation of this service as an additional condition for the success-
ful implementation of the IT project for the development of the "Electronic CMTPL 
Policy" service. It was believed that the fulfillment of this condition would allow in-
surance companies-owners of KSASK to gain a temporary business advantage over 
competitors (until the implementation of similar services from other developers). 
The main way to fulfill this condition during the initiation of the project was to reuse 
the results of the development of other functional KSASK modules. To search for 
functional KSASK modules and their functions that can be reused in the IT project 
for the development of the "Electronic CMTPL Policy" service, the information tech-
nology of the IT service provision management system was used [19]. The theoreti-
cal foundations and features of the implementation of this technology are discussed 
in detail in [20]. At the moment, this technology in the IT company ProfITsoft has 
received further development and has become a specialized mechanism "Functional 
Exchange Fund". This mechanism of interaction between insurance companies-users 
of KSASK provides the possibility of transferring, exchanging, reusing and collec
tively developing the modified functionality of the system [21].

The results of the search for functional modules and individual functions of 
KSASK suitable for reuse in the IT project for the development of the "Electronic 
CMTPL Policy" service are given in Table 2.1.

As a result of the application of information technology for managing the IT 
service provision system during the initiation of the IT project, an assessment 
of the profitability of independent service development or reuse of one of the 
KSASK IT service search results (functions) listed in Table  2.1 was carried out.  
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The ISO/IEC 1926:2001 criteria system was used for the assessment [22]. The as-
sessment was carried out according to the IT service selection method proposed 
in [20], which is based on the hierarchy analysis method. 

Table 2.1 Results of the search for functional modules and individual functions of 
KSASK  suitable for reuse in the IT project for the development of the "Electronic CMTPL 
Policy" service

Search object IT service search 
result

Search result for the name/part of the 
name that matches, IT service function

Full match with the list of 
functional requirements

No IT services found that fully implement all functional 
requirements

IT services that fully imple-
ment individual functional 

requirements

"Online store" "Authorization via SMS"

IT services that implement 
individual parts of the func-

tional requirements

"Online store" – "Filling";

– "Policy registration";

– "Registration";

– "Sale";

– "Payment";

– "Print";

– "SMS";

– "Authorization via SMS"

"Accounting for 
Contracts"

– "Verification";

– "Contract verification";

– "Print";

– "Term";

– "Print contract"

"Commissions" – "Commissions";

– "Calculation";

– "Print";

– "Verification"

"Underwriting" – "Verification";

– "Policy verification";

– "Policy"

Source: [20]

The assessment resulted in the following recommendations [20]:
– the best solution according to the selected criteria is the development of the 

"Electronic CMTPL Policy" service "from scratch";
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– for reuse during the implementation of the IT project for the development of 
the "Electronic CMTPL Policy" service, the most suitable are the functions of the 
"Contract Accounting" and "Online Store" modules.

To experimentally verify the results obtained in the study, it was proposed to 
check the correctness of these recommendations at different stages of the IT project 
life cycle for the development of the "Electronic CMTPL Policy" service. In particular, 
it was proposed to consider solutions for the formation and adjustment of IT project 
plans, based on estimates of losses that may arise as a result of identifying the fact of 
incompleteness of the description of a separate IT project function.

2.6.2 � Description of the assessment of losses due to the replacement 
of  incomplete information with information about a similar element 
of the information system at the stage of IT project initiation

First of all, the assessment of losses due to the replacement of incomplete in-
formation about the functions of the "Electronic CMTPL Policy" service with infor-
mation about similar functions of the KSASK at the stage of IT project initiation was 
considered. For comparison, an assessment of the costs of developing the "Electronic 
CMTPL Policy" service "from scratch" was also carried out.

To calculate the costs of developing the "Electronic CMTPL Policy" service "from 
scratch", it was proposed to use:

– COCOMO model [15];
– a simplified method of functional points [23], which allows to estimate the ef-

forts for the development of IS elements in conditions of almost complete absence of 
information about new IS functions;

– a backfiring technique for converting the number of functional points into the 
number of lines of source code (as an argument of the COCOMO model).

The values of the parameters of the simplified functional point method, the roll-
back coefficient k and the COCOMO model are given in Table 2.2.

As a result of calculating the number of functional points of the "Electronic 
CMTPL Policy" service, it was obtained

FP C C C� � � � � � � �( ) ( ) . (. . .
1 2 3

2 35 2 35 2 359 9 15 33 3702 61 functional pooints).

The results of calculating the estimates of efforts, time costs and personnel re-
quirements for the IT project for developing the "Electronic CMTPL Policy" service 
"from scratch" using the COCOMO model are given in Table 2.3.
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Table 2.2 Values of the parameters of the simplified functional point method and the 
rollback coefficient k and the COCOMO model

Element 
name

Element 
value Explanation

C1 9 Estimation of the project scale ("Custom application")

C2 9 Estimation of the users of the design object ("Commercial project")

C3 15 Estimation of the type of design object ("Software for publicly available 
services")

kDB 16 Maximum normative number of SQL commands per one functional point

kSW 46 Maximum normative number of Java commands per one functional point

Bd 1.12 Locked mode of operation (application system development)

Source: [23]

Table 2.3 Results of calculating the characteristics of the IT project for developing the 
"Electronic CMTPL Policy" service "from scratch"

Characteristic 
name

Characteristic 
value Units of measurement

Service database development

EDB 174.37 Person-months

TDB 17.77 Months

SSDB 9.81 Full-time and part-time employees

Service software development

ESW 524.49 Person-months

TSW 27.08 Months

SSSW 19.51 Full-time and part-time employees

It should be remembered that the estimates of the characteristics of an IT project 
at the stage of its initiation may significantly deviate from the real characteristics of 
the same project. According to the research results given in [15], such estimates may 
exceed the value of the real characteristic by four times. Based on this, it was pro-
posed to adjust the characteristics of the IT project given in Table 2.3 by dividing the 
number of functional points by four (the result is 925.6525 functional points). The 
results of the adjustment are given in Table 2.4.

The data in Table 2.4 show that even in the case of organizing parallel devel-
opment of the database and software for the "Electronic CMTPL Policy" service, 
the duration of the IT project will be approximately 1  year and 4  months. This 
duration was recognized as unacceptable from the point of view of meeting the 
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business needs of insurance companies-users of KSASK (even considering that 
the decision to develop the "Electronic CMTPL Policy" service "from scratch"  
was recognized as the best according to the criteria for the quality of software 
product development).

Table 2.4 Adjusted results of calculations of the characteristics of the IT project of the 
development the "Electronic CMTPL Policy" service "from scratch"

Characteristic 
name

Characteristic 
value Units of measurement

Service database development

EDB 40.67 Person-months

TDB 10.22 Months

SSDB 3.98 Full-time and part-time employees

Service software development

ESW 123.28 Person-months

TSW 15.58 Months

SSSW 7.914 Full-time and part-time employees

Next, an assessment of possible losses due to replacing incomplete information 
about the functions of the "Electronic CMTPL Policy" service with information about 
similar functions of the "Online Store" module of KSASK at the stage of IT project 
initiation was carried out. This option was chosen because, according to the search 
results given in Table 2.1, it showed the largest number of matches.

It was decided to exclude from further consideration those search results given 
in Table 2.1, which are parts of other search results for functions of the same module. 
The result of excluding duplicate search results and further comparison of the names 
of the functions of the service "Electronic CMTPL Policy" and the functions of the 
module "Online Store" is given in Table 2.5. In addition, Table 2.5 indicates the es-
timates of the number of functional points for each of the functions of the service 
being developed and the value of the number of functional points for the functions 
of the module.

Since at the stage of IT project initiation, the executors only know the names 
of individual functions of the service being developed, it was proposed to consider 
the distribution of efforts for the development of individual functions of the service 
as uniform. Therefore, for further calculations, the value of the effort spent on the 
development of each individual function of the service was taken as 102.85 (func
tional  points).
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Table 2.5 Comparison of the names of the functions of the "Electronic CMTPL Policy" 
service and the "Online Store" module

No. Service function name

Number 
of service 
function 

points

Name of the module 
function highlighted  
in the search results

Number of 
functional points 

of the module 
function

1 "Filling out an electronic 
policy"

102.85 "Filling out an insurance 
contract"

97

2 "Issuing an electronic 
policy"

102.85 "Issuing an insurance 
policy"

84

3 "Selling an electronic policy" 102.85 "Selling an order" 157

4 "Printing an electronic 
policy agreement"

102.85 "Printing the source 
document"

48

5 "Paying for an electronic 
policy"

102.85 "Paying for the insurance 
contract"

142

6 "Authorization via SMS" 102.85 "Authorization via SMS" 134

For further calculations, it was proposed to use:
– the COCOMO model [15];
– the improved functional points method [24], which allows to estimate the ef-

forts for the development of IS elements in the conditions of reuse of individual sys-
tem functions;

– the backfiring technique for converting the number of functional points into 
the number of lines of source code (as an argument of the COCOMO model).

To determine the number of developers qzj(T) required to eliminate the situation 
under consideration, the expression (16) was used, which in this case took the form

q T
KLOC
T

k FP

Tzi
z

B
z add z

Bz z

( )
. ( ) . ( ),= =

2 4 2 4 1000
,	 (2.47)

where KLOCz – the number of thousands of lines of source code, the creation of 
which is necessary for additional processing with information that replaces; kz – the 
rollback coefficient, which determines the normative number of lines of source code 
for the implementation of one functional point of the z-th IS function; FPadd,z – the 
number of functional points as an estimate of the efforts for additional processing 
with information that replaces an incomplete description of the z-th IS function;  
Bz – an indicator, the value of which is determined by the selected mode of addi
tional processing with information that replaces an incomplete description of the 
z-th IS function.
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To calculate the value of FPadd,z in [24] it was proposed to use the expression

FP FP
Name Name

Nameadd z z
d z

z
, � �

��

�
��

�

�
��,	 (2.48)

where FPz – the number of functional points, which is an estimate of the efforts to 
develop the z-th function of the developed functional problem; Named – the name 
of the d-th function of the developed problem, the description of which is incom-
plete; Namez – the name of the z-th function of the developed functional problem.

Based on formula (2.48), to calculate the FPadd,z value it was necessary to per-
form stemming of the names of individual service functions and their corresponding 
module functions with the subsequent removal of stopwords. The results of these 
operations using the Porter stemmer are given in Table 2.6.

The FPz values for each of the module functions, the descriptions of which 
are proposed to be reused in the IT project for the development of the "Elec-
tronic CMTPL Policy" service, are given in Table 2.5. These values, as established  
for case I, are one of the results of the analysis of previous IT projects of the com-
pany ProfITsoft.

Then, according to expression (2.48) for z = 1, there is the following number of 
functional points

FPadd ,

" " " "

"1 97� �
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3
64 67 ppoints).

The results of calculating the FPAdd,z values for all functions are given in Table 2.7.
The values of the elements of formula (2.47), which were used to experimentally 

verify the results obtained during the assessment of losses in the situation under 
consideration, are given in Table 2.8.

As a result of the calculation according to formula (2.47) for z = 1, it is possible 
to obtain

q T1

1 12 1 122 4 46 64 67 1000

2

2 4 2 97482
2

8 136

2
4 06( )

. ( . ) . ( . ) .
.

. .

� � � � � 88 ( ).man

The results of the calculations of the qz(T) values given in Table 2.9.
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Table 2.7 Results of calculations of FPAdd,z values for all functions, the reuse of which 
is  proposed in the IT project

Parameter Parameter value

z 1 2 3 4 5 6

FPAdd,z 64.67 28 157 32 94.67 0

Table 2.8 Values of the elements of formula (2.47), selected for the quantitative 
assessment of possible losses

Element name Element value Explanation

kz 46 Maximum standard number of Java commands per 
functional point

Bz 1.12 Locked mode of operation (application system 
development)

T 2 months/4 iterations Iteration duration – 12 working days

Table 2.9 Results of the calculations of the qz(T) values for all functions which reuse 
is  proposed in the IT project

Parameter Parameter value

z 1 2 3 4 5 6

qz(T) 4.068 1.5936 10.992 1.848 6.24 0

Then it was decided to calculate by formula (2.24) the value of losses P1 from the 
absence of information in case of need for additional processing with information 
that replaces. The values of the elements of formula (2.24), which were used to ex-
perimentally verify the obtained results when estimating losses in the situation un-
der consideration, are given in Table 2.10.

The standard salary of a specialist at ProfITsoft was determined based on the 
labor costs of the KSASK technical support team given in [25].

Based on these values, the losses P1 are equal to

P k q T St T C z k T qzi zi zi
i

m

z
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z
z1

11

6

1

1
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�
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1 500 4 24 7416 240 $$ . .49723 2

Next, it was decided to calculate the value of the losses P2 from the ab-
sence of information using formula (2.25) if there is a difference in the cost of the  
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information being replaced and the information being replaced. Since the z-th func-
tions, the descriptions of which are proposed to be used instead of the descriptions 
of the d-th functions, were developed in previous IT projects of ProfITsoft, it was 
decided to use the calculation rule established for case I.

Table 2.10 Values of the elements of formula (2.24), selected for quantitative assessment 
of possible losses

Element 
name

Element 
value Explanation

CCI(z) $40 Electricity costs and additional costs

Stzi(T) 1 The fact that the developer is in the process of creating the z-th 
element of the IS during the time period T at the i-th position

kz $500 The standard salary of a company specialist during the iteration

R(H) 6 The number of cases of incompleteness or lack of information

k 1 The value of the quality coefficient of management decision-making

First, an estimate of the personnel requirement was determined. For the example 
under consideration, formula (2.16) took the form:

q T
KLOC
T

k FP
Tz

B
z z z

Bz z

( )
. ( ) . ( )

= =
2 4 2 4 1000

,	 (2.49)

q T
KLOC
T

k FP
Td

B
d d d

Bd d

( )
. ( ) . ( )

= =
2 4 2 4 1000

,	 (2.50)

where KLOCd – the number of thousands of lines of source code that must be cre
ated to implement the d-th function; kd – rollback coefficient, which determines the 
normative number of lines of derived code for the implementation of one functional 
point of the d-th IS function; FPd – the number of functional points as an estimate 
of the efforts to develop the d-th IS function; Bd – an indicator, the value of which is 
determined by the selected mode of development of the d-th IS function.

The FPd values for the service functions that are proposed to be replaced are 
given in Table 2.5. The qz(T) values are given in Table 2.9.

The values of the elements of formula (2.50), which were used to experimentally 
verify the obtained results when assessing losses in the situation under consider-
ation, are given in Table 2.11.

As a result of the calculation by formula (2.50) for each of the d-th functions, the 
descriptions of which are incomplete
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The values of the estimates of the value of the information Srepm  being replaced 
were established based on the results of the analysis of previously completed IT 
projects. From these results it turned out that on average for each individual func-
tion the value Srepm  is equal to $12000. The value of the estimate of the replaced 
information was calculated by formula (2.20). The values of the elements of for
mula (2.20) used for the calculation are given in Table 2.12.

Table 2.11 The values of the elements of formula (2.50), selected for quantitative 
assessment of possible losses

Element 
name

Element 
value Explanation

kd 56 Maximum regulatory number of Java commands per functional point

Bd 1.12 Locked mode of operation (application system development)

Table 2.12 The values of the elements of formula (2.20) selected for the calculation  
of the estimates of the values of the replaced information

Element 
name

Element 
value Explanation

CCI(z); CCI(d) $40 Electricity costs and additional costs

Stri(T); Stdi(T) 1 The fact that the developer is in the process of creating the z-th 
element of the IS during the time period T at the i-th position

kr; kd $500 The standard salary of a company specialist during the iteration

k 1 The value of the quality coefficient of management decision-making

Then, according to formula (2.25), the value of losses P2 is equal to

P S Srepm r

r
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As a result of checking the fulfillment of condition (2.26) of the feasibility of 
choosing the consequence Ex1, it was established that
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that is, the reuse of software descriptions of the functions of the "Online store" 
module to eliminate the incompleteness of the software descriptions of the func-
tions of the "Electronic CMTPL Policy" service is feasible subject to the following 
conditions for the implementation of the IT project for the development of the "Elec-
tronic CMTPL Policy" service:

– the total duration of the IT project, according to the estimate, should be 2 months;
– the total number of personnel for the implementation of the IT project, accord-

ing to the estimate, should be 25 people (5 teams of 5 people each [25]);
– during the implementation of the IT project, the same software development 

tools will be used as in previous IT projects of the ProfITsoft company.

2.7 � Discussion of the results of the loss assessment for the considered 
solution options

To eliminate the situation that arose during the initiation of the IT project for 
the development of the "Electronic CMTPL Policy" service due to incomplete de-
scriptions of the functions of this service, two management solution options were 
proposed. The first option, proposed by the staff of the Department of Informa-
tion Control Systems (ICS) of the Kharkiv National University of Radio Electron-
ics (NURE), was based on the results of evaluating alternatives according to the  
ISO/IEC 1926:2001 software product quality criteria system. According to this 
option, it was proposed to abandon the reuse of previously developed KSASK 
functions and develop the service "from scratch". The alternative proposed by the  
authors of this study was to use descriptions of previously developed functions of 
the KSASK module "Internet Store" instead of incomplete descriptions of the ser-
vice functions.

The results of the comparison of these two solution options are given in Table 2.13.
Based on the estimates given in Table 2.13, in order to minimize the total finan-

cial costs for wages and reduce the total time of implementation of the IT project, it 
is necessary to choose an alternative management solution.

But such a solution causes a certain increase in the risk of deterioration in the 
quality of the service being developed. In particular, after the implementation 
of the IT project for the development of the service "Electronic CMTPL Policy" 
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according to the alternative option, the following sets of errors may exist in the 
service code:

– errors remaining in the software of reused KSASK functions after its adapta-
tion to the requirements of the service;

– errors that arose in the software of the service functions during its adaptation 
to the requirements of the service.

Table 2.13 Results of the comparison of the characteristics of the proposed solution 
options for the IT project

Characteristics
Characteristic value

First option Alternative

Total duration of the IT project 15.58 months 2 months

Requirement for personnel of the IT project 7.914 people 25 people

Nominal value of the salary of a company specialist during 
the iteration

$500 $500

Average number of iterations per month 2 2

Estimation of the total financial costs for salaries in the 
IT project

$123300.12 $50000

Of course, some subsets of these sets of errors will be detected during testing 
of the service software. But testing, as a rule, does not guarantee the detection of 
the full set of errors (especially in IT projects with a limited duration). However, the 
alternative solution involves the possibility of increasing the time spent on testing the 
service software (which will lead to an increase in the total time spent on the imple-
mentation of the IT project). Even if the total duration of the IT project is increased by 
2 months, the total salary costs will not exceed the similar costs for the first option.

It should also be noted that the correctness of the alternative solution is empha-
sized by the fact that in the current (2024–2025) KSASK version, the "Electronic 
CMTPL Policy" service is implemented as a widget of the "Online Store" service [26].

Thus, in the course of this study, detailed models of production losses due to 
the lack of information were developed, adapted to the specifics of the IT company 
and its IT projects. The developed models allow to quantitatively assess the costs 
that arise during the initiation, planning and implementation of the IT project of cre-
ating an IS during the elimination of incomplete descriptions of individual system 
elements. These costs are the result of one of the following possible consequences:

–  consequence Ex1: "Replacing missing information with information about 
a  similar IS element that is reused";
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– consequence Ex2: "Concentration of IT company personnel and IT infrastruc-
ture elements on the design or development of other IS elements";

– consequence Ex3: "Transferring IT company personnel and IT infrastructure 
elements to the design or development of other elements of the same IS";

– consequence Ex4: "Refusal to use IT company personnel and IT infrastructure 
elements due to the lack of information about IS elements".

The results obtained take into account the iterative nature of planning the activ-
ities of IT project teams and can be used for the majority of modern Agile and hybrid 
IT project management methodologies.

Unlike modern models and methods of IT project financial management [2], the 
implementation of the developed detailed models allows to estimate losses and make 
decisions on IT project cost management in the absence of a priori defined descrip-
tions of individual IS elements (functions), which is the expected result of the project. 
The use of these models allows to choose solutions during the implementation of 
the IT project that minimize additional losses that arise in the following situations:

– a priori incompleteness of the results of the collection and analysis of func
tional requirements for the created system;

– the occurrence of a significant number of changes in the descriptions of func-
tional requirements and IS architecture and its elements due to changes in the busi-
ness processes of the automation object;

– the occurrence of changes in the descriptions of functional requirements and IS 
architecture and its elements due to the elimination of errors made during the design 
and implementation of individual elements of the created IS.

However, the use of the developed detailed loss models is not free from some 
limitations. The main limitation of these is the orientation of the developed detailed 
loss models to the assessment of direct losses exclusively during the period of time 
considered at the current stage of the project life cycle (the total duration of the 
IT  project during the initiation and start of its planning; the total duration of the 
current iteration during the planning of the activities of the team of performers and 
the implementation of the IT project). The developed models practically do not take 
into account indirect losses that arise after making a decision on the selected conse-
quence. Such a limitation during the practical application of the developed models 
may lead to the selection of a solution option that will be a local, rather than a  global 
minimum of losses for the entire IT project or its individual iterations. Another lim-
itation of the application of the obtained models is the implicit assumption of the 
constant availability of the relevant IT project performers and other resources. It  is 
believed that these resources can be used at any time to eliminate the specified con-
sequences of detecting incomplete information. In fact, the results of accounting for 
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the workload of personnel and other material resources of an IT project can signifi-
cantly change the estimates of possible losses that arise during the elimination of 
the identified incompleteness of information about the elements of the created IS.

The main drawback of the results of the study is the lack of technological sophis-
tication of the developed detailed models. It should be remembered that the use of 
the obtained mathematical models in the IT company management system is impos-
sible without conducting scientific and applied research in the field of developing 
relevant information technologies. It should also be recognized that the existing in-
formation technologies for managing an IT company and its IT projects practically 
do not allow using the obtained detailed models for their own improvement. There 
is a need to develop fundamentally new information technologies for managing an 
IT company, which would combine the use of the obtained detailed loss models with 
the capabilities of managing the work of an IT company in a time regime close to real.

Therefore, the following main areas of further prospective research in the field of 
IT project cost management were proposed to be identified:

– research on the improvement and development of the obtained detailed loss 
models and the general concept of cause-and-effect management of IT project costs, 
taking into account the characteristics of IT projects and programs;

– research on the possibility of integrating detailed loss models into existing IS 
and information technologies for managing an IT company and its IT projects;

– research on the development of fundamentally new IS and information tech-
nologies for managing an IT company, including using modern methods and tools of 
artificial intelligence.

2.8  Conclusions

As a result of the study, the features of the design processes of IS elements in 
modern IT companies were identified. The situational-consequential scheme of the 
formation of losses in production as a result of the lack of information was adapted 
to these features. The adaptation results show that the use of the adapted scheme 
for estimating costs and making decisions on managing iterations of the implemen-
tation of the IS creation IT project in conditions of incompleteness or absence of de-
scriptions of individual IS elements is possible.

Detailed models of losses from the lack of information have been developed if 
additional processing of the information that replaces is necessary, as well as losses 
from the lack of information if there is a difference in the cost of the information 
that is replaced and the information that is replaced. The obtained models can be 
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used with various models and methods of assessing efforts to implement the IS cre-
ation  IT  project.

An experimental verification of the obtained results has been carried out. The 
course and results of the calculations confirm the possibility of using the adapted 
scheme and the developed detailed models for estimating losses during the initia-
tion, planning and implementation of the IS creation IT project.
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Abstract
The aim of the study is to develop a method for solving the problem of assigning 

IT project tasks to its performers.
The object of the study is the process of planning an IT project.
During the study, the problem of assigning IT project tasks to its performers 

was solved. It is shown that in recent years heuristic solutions to this problem 
have gained popularity. The main requirements for such a solution are determined. 
The results of the analysis of modern research confirm the relevance of scientific 
and applied works devoted to solving the problem of assigning IT project tasks to  
its performers.

According to the results of the study, it is proposed to represent the problem of 
assigning IT project tasks to its performers as a type of classification problem. This 
representation allowed using a polynomial Bayesian classifier to solve this problem. 
In the process of the study, the classification rule with a minimum error and calcula-
tions of the main elements of this rule were adapted to the specifics of the problem. 
An additional classification condition was established that prevents the maximum 
load of the IT project performer from being exceeded. Based on the results of the 
adaptation, the algorithm for solving the classification problem, which uses this 
adapted classifier, was modified.

A general description of the method for solving the problem of assigning 
IT project tasks to its performers was developed. An algorithm for implementing this 
method was developed for a detailed description of the content of individual stages.  
The scheme of this algorithm and the proposed descriptions of the main steps of 
the algorithm determine the features of its implementation both as a methodology  
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for applying the obtained solutions in the current management of an IT project and 
as a specialized information technology.

To verify the operability of the obtained results, an experimental test of the 
method and its implementation algorithm was conducted during the management 
of one of the IT projects of an outsourcing IT company. The test results indicate the 
feasibility of using the developed method to solve the problem of assigning IT project 
tasks to its performers. The developed method contributes to better project plan-
ning, minimizes the administrative burden and helps to avoid delays and errors in 
project implementation.

Keywords
IT project, task, performer, polynomial Bayesian classifier, effort, team, sprint.

3.1  Introduction

The main difference between IT project management and project management 
in any other field of human activity is the recognition of personnel as the single most 
used resource of the project. The emergence and widespread implementation of 
Agile project management methodologies in the IT industry have not led to signifi-
cant changes in the existing attitude towards IT project personnel. As early as 2007, 
it was established that direct costs for an IT project are almost exclusively deter-
mined by labor costs [1]. Therefore, personnel management problems remain one of 
the main problems facing IT project management.

Among these problems, it is worth highlighting the problems that arise during 
IT project planning. In general, IT project planning includes:

– definition of tasks;
– assessment of task duration;
– placement of tasks on a timeline that visually reflects their sequence, duration, 

start and end dates;
– according to the results of the placement – assigning resources to each task 

from available jobs, divided by skill set [2].
Assigning tasks to IT project performers is a complex and time-consuming ac-

tivity, especially in large and complex projects. During the implementation of this 
activity, important issues arise regarding the correct distribution of tasks between 
performers, ensuring the optimization of human resources for task performance, 
and maximizing the productivity of performers.

It should be noted that modern IT companies use a significant number of various 
information technologies (IT) to support the IT project planning process. However, 



88

Management of a modern IT company: theoretical and technological aspects

the use of such IT is severely limited by the fact that the personnel of the majority 
of IT projects is a limited resource. Recognition of this fact led to the formulation of 
the Resource Constrained Project Scheduling Problem (RCPSP), which belongs to  
NP-hard problems [3]. Such problems for large and medium-sized IT projects are 
very often intractable due to the excessive growth of the volume of required calcu-
lations. Therefore, basic research suggests two main ways to solve this problem [4]:

– using models and methods that provide accurate solutions to the project plan-
ning problem taking into account scarce constraints;

– using heuristic solutions.
As a result, the most common IT planning of IT projects mostly leaves the im-

plementation of the activity of distributing project tasks between performers to 
the discretion of project management specialists. But this approach leads to sub-
jective errors, irrational use of resources and overloading of individual perform-
ers. This often happens in large projects, where the complexity of coordination 
increases in proportion to the number of tasks and performers. Therefore, the 
automation of the activity of assigning tasks to performers during the planning 
and implementation of an IT project remains an extremely important and relevant 
scientific and applied task. Solving this task will undoubtedly contribute to the op-
timization of planning processes, avoid excessive administrative burden, ensure 
more accurate and efficient distribution of work, and also reduce the risk of errors 
or delays in an IT project.

3.2 � Overview of the current state of solving the problem of automated 
planning of IT projects

The existence of RCPSP as an NP-hard problem has been confirmed in recent 
years at the level of a number of recent versions of PMBOK [5, 6]. Therefore, a sig-
nificant amount of modern research is focused on the search and development of 
models, methods and technologies that allow either to obtain an exact solution or 
to develop a heuristic solution to this problem.

An example of research aimed at finding an exact solution to RCPSP is the 
work [2]. The goal of this research is to develop software that creates an optimal 
schedule that takes into account both technical and resource constraints of the 
project in order to prevent resource reallocation. In this case, [2]  identifies three 
main factors that can affect the allocation of resources during the project life cycle:

– an increase in the scope of the project, which will require greater efforts to 
complete it;
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– possible unavailability of resources during periods in which they were initially 
considered available;

– an existence of competition for the same resources between several projects 
that can be performed simultaneously.

As a result of the research in [2], the creation of software is claimed, which should 
help the project manager in creating the optimal schedule of this project. This soft-
ware provides an accurate RCPSP solution in a reasonable period of time in the 
conditions of performing within the IT company of several projects simultaneously.  
At  the same time, the developed system takes into account the distribution of 
IT  project performers according to their skill set for a better assessment of the du-
ration of project tasks [2]. However, the research result given in [2] is not free from 
shortcomings that complicate the practical application of the developed software. 
The main of these shortcomings should be recognized as the need to recalculate all 
IT project schedules as a result of any change in the availability of IT company per-
sonnel. This need leads to an increase in the number of computational operations 
performed during planning or replanning of IT projects. In addition, this need contra-
dicts the principle of the oncoming wave, according to which detailed planning of the 
IT project schedule until its completion is considered impractical [5].

Using heuristic solutions to solve the RCPSP requires dividing this problem into 
a sequence of separate IT project planning management tasks and solving each task 
separately using the appropriate heuristic. An example of such an approach is re-
search [7]. In this work, it is proposed to develop task and developer profiles to solve 
the problem of assigning each project task to the most suitable developer. After 
that, the task is solved by finding the best match of these profiles for assigning tasks 
to developers. A comparative analysis showed that the Sokal and Snit method [7] 
should be considered the best for such a search. It should be noted that one of the 
authors of this study also tried to solve this problem in a similar way. In [8], he pro-
posed a solution to create task and project developer profiles based on a data-log-
ical description of the project work packages. The use of these profiles allowed [8] 
to propose a method for solving the problem of assigning enterprise employees to 
tasks of a new IT project, the basis of which is the apparatus of clustering and classi-
fication tasks. This method made it possible to assign to the task of the new project 
an employee whose value of the integral indicator of the quality of work perfor-
mance was maximum.

But this method of solving the problem of assigning each project task to the most 
suitable developer is not free from some shortcomings. First, the solutions proposed 
in [7] and [8] require the creation and constant maintenance of data warehouses in 
which it is necessary to store and update historical data on the profiles of completed 
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IT project tasks and project performers. Second, the use of complex data logical de-
scriptions to build profiles leads to significant expenditure of money and time on ad-
ditional work on the creation, support and maintenance of such profiles during the 
planning and performing of an IT project. Third, this method leaves open the ques-
tion of the optimal distribution of tasks among project personnel from the point of 
view of maximizing and equalizing the employment of project performers.

It must be recognized that the approach to profiling project tasks or work pack-
ages and storing the corresponding historical information is characteristic not only 
of IT projects. In [9], a similar approach is considered for creating a hierarchy of con-
struction project task organization. This study is interesting in that it recognizes 
the need to create project task profiles not based on special complex datalogical 
descriptions, but on the results of pre-processing text descriptions of project work 
packages. Although such a solution complicates the work of processing information 
about project work packages, it significantly simplifies the work of forming, main-
taining and maintaining similar profiles of these work packages.

An attempt to find an exact RCPSP solution using heuristics is considered in [10]. 
This study proposes to use a genetic algorithm to form a schedule that provides max-
imum profit from the implementation of an IT project. The following assumptions are 
taken into account [10]:

– capacity constraints can often be systematically changed by temporarily as-
signing expensive additional production resources or using overtime;

–  project revenue decreases with increasing duration of its implementation.
But such a solution to RCPSP is not free from the shortcomings identified for the 

software for finding the exact solution to RCPSP proposed in [2]. In addition to these 
shortcomings, the accuracy of the obtained result is affected by the shortcomings 
caused by the use of the genetic algorithm, of which it is worth noting in particular [11]:

– the tendency to converge to a local optimum instead of searching for a global 
optimum;

– the difficulties that arise when formulating the stopping condition of the ge
netic algorithm;

–  the poor scalability of genetic algorithms to the complexity of the problem 
being solved (which is of particular importance for creating schedules for large com-
plex IT projects).

To eliminate the last of the listed shortcomings, in [12] it was proposed to use 
a genetic algorithm to solve the problem of assigning IT project tasks to members 
of the development team within one iteration or sprint of the project. At the same 
time, when solving this problem, the experience of each specific performer is taken 
into account. As descriptions of IT project tasks, user stories that the development 
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team must implement in a planned iteration or sprint are considered  [12]. Such 
a  solution to the problem of assigning tasks to members of the IT project develop-
ment team partially eliminates the above-discussed disadvantages of the stopping 
complexity and poor scalability of genetic algorithms, but remains quite complex to 
implement and use. 

In a later study [13], it was proposed to consider the RCPSP problem for many 
skills as a task of assigning tasks to employees, taking into account predecessor 
tasks and constraints for many skills to create an appropriate schedule with the 
shortest performing time. Differential evolution with multidimensional real-valued 
functions was proposed to solve this problem. In [13], for this variant of the evo-
lutionary algorithm, its modification was proposed by improving the mutation 
method, which is performed twice per generation, in order to increase the diversity 
of the population and obtain better results. Thus, the authors of [13] proposed to 
eliminate the tendency of genetic and evolutionary algorithms to converge to a  lo-
cal optimum. However, the solution based on the use of evolutionary algorithms is 
also quite complicated to implement and use. It should be recognized that the task 
of comparative analysis of the economic and technological efficiency of the oper-
ation of various artificial intelligence tools in the conditions of IT project manage-
ment requires additional research.

In general, for the first half of the 2020s, it was considered appropriate to con-
sider the problem of assigning project tasks to its performers as a multi-criteria 
optimization problem. An example of this point of view is the conceptual model 
proposed in [14] for studying the problem of selecting partners for the implemen-
tation of research or educational projects. The main components of this model are 
determining the criteria for selecting potential partners, applying the multi-objec-
tive optimization method, expert assessment, forming the preferences of partners or 
project performers, and making a decision on assigning project tasks to partners that 
correspond to the corresponding work package [14]. However, the use of expert as-
sessments does not give this conceptual model an advantage over existing methods 
for solving the problem under consideration for Agile IT projects. The use of experts 
when solving the problem of assigning project tasks to its performers significantly 
reduces the objectivity of the resulting solution.

In [15], it is stated that the criteria by which the problem of assigning IT project 
tasks to its performers should be solved should be:

– qualification of the team of performers;
– competences of the team of performers;
– seriousness of individual tasks;
– priority of individual tasks.
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To solve this problem, a mathematical model of labor resource distribution was 
developed in [15]. This model is based on a probabilistic analysis of the importance 
and priorities of tasks, ensures more efficient use of personnel and allows for timely 
completion of the most important tasks of an IT project.

The solution proposed in [15] to the problem of assigning IT project tasks to its 
performers is quite interesting for automated planning of the activities of the IT pro
ject team within one iteration (or sprint). But it is not without some shortcomings, 
among which it should be noted the impossibility of taking into account the experi-
ence of individual performers in solving individual types of IT project tasks. Such ex-
perience, in particular, takes into account the performer's knowledge of the subject 
area and the performer's specialization in the successful implementation of specific 
types of functions (services, etc.) of the created IT product.

Unlike [15], in [16] it is proposed to use a machine learning-based decision support 
system that works with data in real time to solve the problem of assigning IT  pro
ject tasks to its performers. This system analyzes the description of new requested 
tasks using text mining and machine learning approaches, and then predicts the op-
timal available personnel that meet the needs of the project task. Personnel qualifi-
cations are iteratively updated by the system after each completed task, which pro-
vides up-to-date information about personnel capabilities. The basis of this system is 
the mathematical apparatus of vector descriptions of unstructured texts and struc-
tured documents. As a measure of comparison of vector descriptions of new project 
tasks and performers in the system, cosine similarity is used. The system is built on 
the basis of microservice architecture, which facilitates its integration into existing 
IT project planning systems [16]. But the use of vector representations of texts and 
documents is a rather significant drawback of the proposed solution to the problem 
of assigning IT project tasks to its performers. Such representations require quite 
large expenditures of computing resources to create and maintain such descriptions.

The analysis of the considered scientific and applied research in the field of auto-
mated solution of RCPSP and its individual tasks for IT projects allowed to draw the 
following conclusions.

Firstly, none of the considered RCPSP solutions and, in particular, the problem 
of assigning IT project tasks to its performers is free from shortcomings that signifi-
cantly limit their practical use in applied IT project planning activities.

Secondly, the considered research results indicate the principle possibility and 
practical feasibility of solving such problems under the following conditions:

– it is advisable to consider the RCPSP solution as a set of solutions to individual 
IT project planning problems, in particular – the problem of assigning IT project tasks 
to its performers;
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– it is advisable to consider the problem of assigning IT project tasks to its per-
formers as a multi-criteria optimization problem, the criteria of which can be both 
the characteristics of individual tasks (seriousness, priority, etc.) and the characteris-
tics of individual IT project performers (competences, specialization, previous work 
experience, etc.);

– the expected result of solving the problem of assigning IT project tasks to its 
performers should form a solution to this problem with minimal or no human opera-
tor participation (operate in automatic mode);

– the expected result of solving the problem of assigning IT project tasks to its 
performers should not require significant time and computing resources even when 
planning large complex projects;

– the expected result of solving the problem of assigning IT project tasks to its 
performers should be easily integrated into existing application systems for auto-
mated planning of IT projects and their iterations.

These conditions can be met if the solution to the problem of assigning IT project 
tasks to its performers is based on the information that can be obtained with minimal 
costs from existing IT planning and management of IT projects. Such information, in 
particular, includes text names and descriptions of project tasks that should be distrib-
uted between its performers. Therefore, it will be advisable to consider in the future 
the task of assigning IT project tasks to its performers as a special case of the text infor-
mation classification problem. However, unlike the solution proposed in [16], it is nec-
essary to use not vector, but scalar characteristics of project tasks and individual per-
formers to solve such a problem. This makes it possible to use methods that have long 
been known and proven in various industries to solve the text classification problem.

A comprehensive and detailed analysis of existing text classification methods 
is given in [17, 18]. In addition, in [18], methods of preprocessing text before clas-
sification and indicators of the quality assessment of classification algorithms are 
described. In [19], the authors use empirical studies to establish a relationship be-
tween the size of the training data set and the amount of data required for testing.

The naive Bayesian classifier (NB) [17, 18] has proven itself well in solving such 
classification problems. This method is based on Bayes' theorem and uses a proba-
bilistic approach to object classification. Confirmation of the NB use can be found 
in [20, 21], where the performance of different text classifiers is compared in the 
context of specific classification problems. NB, together with several other classi
fiers, has demonstrated quite high accuracy.

However, there are certain problems associated with the NB use, as described 
in [22], and solutions have been proposed to overcome these problems and improve 
the performance of the algorithms.
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Various algorithms have been proposed for the NB implementation, which are 
used to solve classification problems. These algorithms differ in the requirements 
for input data and mathematical models that they use to predict object classes [18].

Thus, the aim of this study is to develop a method for solving the problem of as-
signing IT project tasks to its performers, which must meet the above conditions. 
Using this method when distributing IT project tasks between members of the team 
of performers will reduce time costs and increase the objectivity of project itera-
tion (sprint) planning.

To achieve this aim, the following research objectives were set:
– adaptation of polynomial NB to the features of the problem of assigning IT pro

ject tasks to its performers;
– development of an algorithm for implementing the developed method;
– experimental verification of the operability of the obtained results.

3.3  Materials and methods

The object of the study is the IT project planning process, in particular, the ac-
tivity of planning project and technical management [23]. It is within the framework 
of this activity that the vast majority of IT projects for the creation, modernization  
or development of IT products should solve the problem of assigning IT project tasks 
to its performers.

The main hypothesis of this study is the hypothesis of the possibility of auto
mated solution of the problem of assigning IT project tasks to its performers using 
the methods and models of NB text classification or its varieties.

The study of the features of solving the problem of assigning IT project tasks to 
its performers is considered in the context of teams working on an IT project using 
the Agile methodology and, in particular, the Scrum process framework, which pro-
vides for an iterative development process. The principles, values, processes, arti-
facts (Product Backlog, Sprint Backlog, Increment, etc.) and the roles of the Scrum 
process framework are described in [24, 25]. The practice and problems of prioritiz-
ing requirements (and, accordingly, project tasks) in industrial Agile projects, which 
plays an important role in sprint planning, are highlighted in [26].

As an object of automation in this study, it is proposed to consider an IT company 
specializing in the release of several products. The term "product" in this study de-
notes a named set of business opportunities that are valuable for a certain segment 
of the IT company's customers. Each product of such a company can be the result of 
the implementation of several projects.
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To initiate a new project or implement a certain activity in an existing project, ini-
tiatives are created in the company with the participation of product managers and 
product owners. According to project management standards, the term "initiative" 
can have several definitions depending on the context. However, in this study, an ini-
tiative is an initial action or direction that is chosen to launch a new project or imple-
ment a certain activity. An initiative can arise for a variety of reasons, from ideas and 
strategic goals, to changes in the business environment or consumer needs.

In the process of forming an initiative, high-level tasks of the company are cre-
ated with the participation of top management, which are agreed upon with the 
relevant stakeholders of the project. These tasks (another name is topics) are large 
groups of values for customers, reflected in a set of requirements or user stories 
related to common functionality, data source or level of security. The created initia-
tive to achieve the results planned by the company involves the further involvement 
of one or another team or a set of teams of performers. Such involvement occurs 
with the participation of product managers and product owners. Product Owner 
is a  role in the product development team, which is responsible for managing the 
product backlog to achieve the desired result that the product development team 
seeks to achieve [27]. Next, at the project planning stage, the decomposition of the 
specified initiative into more structured tasks – epics occurs. An Epic is a large, in-
terconnected set of work designed to hierarchically organize a set of requirements 
and deliver specific business outcomes [6]. Epics divide the initiative's topics into 
separate functional elements – a set of interconnected functional requirements. 
Each requirement is described by its own user story. Epics can be created repeat-
edly in the future, based on the need to create new or additional epics to better 
perform the initiative. It is important to note that already during the formation of 
epics, the product owner receives information about the preliminary (possible) as-
signment of the project team. This information can be based on the results of pre-
vious IT projects in which these teams have already been involved in working on 
similar tasks, or be formed through preliminary conversations and agreements with 
the managers (leaders) of these teams.

For each of the formed epics, its performing priority is determined. As a result of 
this determination, the following are formed:

– product roadmap: a publicly available live document that describes the type 
and direction of product development throughout its life cycle [28];

– product backlog: a prioritized list of user stories for the development team, 
compiled on the basis of the product roadmap and its requirements [29].

Next, epics are decomposed into individual tasks. This allows to detail the re-
quirements and estimate the scope of work on their implementation in order to 
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further determine the specific steps of the performers to achieve the desired re-
sults. This decomposition occurs at the following events:

– sprint planning (an event in Scrum that launches a sprint);
– Backlog Grooming (a process of regular analysis, refinement, and prioritization 

of tasks in the product backlog).
The result of this decomposition is the division of epics into separate priori-

tized user stories and the addition of epics with additional tasks of a technical na-
ture  (Tasks). These Tasks may arise from requests to change existing requirements, 
feedback from IT product users, technical needs that arise during the project, or as 
a result of an initiative by a team of performers. The results of the decomposition 
are elements of the product backlog that describe the content of each of the pro
ject epics in as much detail as possible. These elements are tasks that must then be 
distributed among individual performers of one or more teams participating in the 
implementation of a specific initiative or epic.

A diagram showing an example of possible relationships between initiatives, 
epics, and tasks of an IT project is shown in Fig. 3.1.

Thus, the solution of the problem of assigning IT project tasks to its performers in 
this study is considered as starting after the decomposition of initiatives into epics, 
and epics into individual IT project tasks. These decompositions form the product 
backlog as a set of epics and individual IT project tasks, which belong either to the 
corresponding epics or to individual initiatives.
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Fig. 3.1 Scheme of relationships between initiatives, epics and tasks of an IT project
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To solve the problem of assigning IT project tasks to its performers, the following 
criteria are proposed to be used:

– the priority of performing that each task has;
– the possible belonging of the task to an epic that is assigned to one or several 

teams of performers;
– the total efforts for one sprint of each performer (depending on the position), 

which should not be exceeded when distributing tasks;
– the possible gradation of performers by positions (competences) in the team.
Of all the NB options, the multinomial naive Bayes classifier (MNB) was proposed 

to be used by the IT project task assignment task assigners. The choice of this classi-
fier was due to the following considerations:

– attributes of IT project task descriptions as classification objects contain dis-
crete features corresponding to a polynomial distribution;

– MNB is easy to implement and allows for fast processing of large amounts of data.
The MNB effectiveness has been confirmed by studies  [30,  31]. In particular, 

[30] describes the results of a comparison of the Bernoulli-Naive Bayes algorithm 
and MNB and concludes that the polynomial model generally outperforms the 
Bernoulli model. [31] considers the application of seven different algorithms for the 
classification and analysis of tweets related to real natural disasters. MNB, in com-
parison with the Bernoulli-Naive Bayes algorithm and logistic regression, showed 
the best results in classifying tweets as concise texts with media elements.

Let the object of classification X be described by a set of features (X1, X2,…, Xn). 
Then the posterior probability of belonging of the object X to the class yk from the set 
of classes Y should be calculated by the formula
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where P(yk|X1, X2,…, Xn) – the posterior probability of belonging of a classification ob-
ject with a set of features (X1, X2,…, Xn) to the class yk; P(yk) – the prior probability of 
the existence of the class yk; P(Xi|yk) – the probability that a classification object that 
has a feature Xi with some fixed set of values will be classified as belonging to the 
class yk; P(X1, X2,…, Xn) – the probability that a classification object X will be described 
by a set of features (X1, X2,…, Xn).

For the case when the prior probabilities P(yk) for each element yk of the set of 
classes Y are known, the classification rule with minimum error [22] is used, which 
selects the class with the highest posterior probability
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where ∝ – the proportionality sign.
In many cases, the classification rule (3.2) is translated into logarithmic space. 

Then it takes the form [22]:
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where Xi in (3.4) is the frequency of occurrence of the feature values in the set  
of studied data (training set), on the basis of which the prior probabilities P(yk)  
are calculated.

To estimate the parameters of each class, in  [22] it was proposed to use 
a  smoothed version of the maximum likelihood estimation
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where Ny ik
 – the number of times the feature Xi occurs in the objects of classifi-

cation X belonging to the class yk; Nyk
 – the total number of times all features Xi 

occur in the objects of classification X belonging to the class yk; n – the number  
of features describing the objects of classification in the training set; α  – the 
smoothing parameter.

Although the value of the parameter α may be different for each feature, 
in [22] it is recommended to follow the generally accepted practice, setting α = 1 
for all features.

The estimate of the probability value P(yk) is proposed to be calculated as follows

P y
O

Ok
yk� � � ,	 (3.6)

where Oyk
 – the number of objects of classification present in the training set and 

belonging to the class yk; O – the total number of objects of classification present 
in the training set.

The UML activity diagram describing the algorithm for solving the classification 
problem using MNB is shown in Fig. 3.2.
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[The set of objects for classification is empty]

[Yes]
[No]

1. Formation of a training set of objects

3. Selecting a set of classes

2. Testing the hypothesis that individual features of an object 
from the training set are independent of each other

4. Calculating the prior probability P(yk) of a randomly 
selected object belonging to a class yk

5. Calculating the probability P(Xi|yk) of each feature 
of the object for each given class yk

6. Calculating the posterior probability P(yk|X1,X2,…,Xn) of the 
object belonging to each class yk taking into account all its features

Searching for a class with the max posterior probability of the 
object belonging to it and assigning the object to this class

Fig. 3.2 UML activity diagram describing the algorithm for solving the classification problem 
using a polynomial Bayesian classifier

The use of MNB for solving applied classification problems is associated with 
the emergence of a number of problems [20]. Among these problems, it is necessary 
to highlight:

– the problem of reducing the MNB score for a class with a smaller number of 
training samples in the case when the training set has more training samples for one 
class than for another;

– the problem of the possible appearance of a class that lacks training sets and, as 
a result, cannot participate in the classification process;

– the problem of checking the independence of the features of the classification 
objects in the training set and those that need to be classified from each other.

These problems can be solved in the process of preparing the training set by ap-
propriately selecting the training objects for classification and checking the training 
set for the independence of the features of these objects.

Another problem arises when the classification object, the class of which should 
be determined in the process of solving the problem, has a feature that has never 
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appeared in the training set [20]. This problem can be solved using the smoothing 
parameter α, 0 < α ≤ 1. The choice of the value of this parameter can significantly 
affect the results of solving the classification problem.

For solving the problem of assigning IT project tasks to its performers, the de-
scription of the algorithm for solving the classification problem using MNB given  
in Fig. 3.2 is not entirely suitable due to the following features:

– in this algorithm, the classification process continues until there are no objects 
left that have not yet been classified;

– the number of objects that can belong to a class is not limited in any way.
In the problem of assigning IT project tasks to its performers, the assignment 

process must continue until each performer accumulates the necessary total efforts 
for its position. Therefore, there is a need to modify the method for solving the clas-
sification problem using MNB, taking into account this feature.

3.4 � Results of developing a method for solving the problem of assigning 
IT project tasks to its performers

3.4.1 � Results of adapting the polynomial naive Bayes classifier 
to the  specifics of the problem of assigning IT project tasks 
to its  performers

The process of adapting MNB to the specifics of the task of assigning IT project 
tasks to its performers is proposed to be divided into two main stages:

– adaptation of the classification rule with minimal error (3.2) to the specifics of 
the task of assigning IT project tasks to its performers;

– modification of the algorithm for solving the classification problem using the 
adapted MNB.

During the adaptation of the classification rule with minimal error (3.2) to the 
specifics of the task of assigning IT project tasks to its performers, the main el-
ements of this rule were considered and their definitions and calculation rules 
were clarified. As objects of the MNB classification X as a result of the adaptation,  
IT project tasks presented in the form of User Story and Task should be considered. 
The features  (X1, X2,…, Xn) of the classification object X, which are taken into account 
in rule (3.2), should be the words from which the names of IT project tasks are com-
posed. The names of tasks should reflect the characteristic features of the problem 
area or the performed part of the IT project. Classes yk, by which the classification 
objects X are distributed, should describe individual performers who are part of one 
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or more teams of IT project performers. The training set should contain data on al-
ready completed tasks (in particular, their names) and performers of these tasks.

Then the classification rule with minimal error (3.2) should be formulated as 
a  rule for selecting the performer ek with maximum posterior probability

e P e P ek k k i k
i

n

� � � � �
�
�argmax |�

1

,	 (3.7)

where P(ek)  – the prior probability that the IT project task belongs to the per
former ek; P(ωi|ek) – the probability that the word ωi from the IT project task title will 
be classified as being distributed to the performer ek; n – the number of words in the 
IT project task title.

The prior P(ek) should be calculated by the formula

P y
T

Tk
ek� � � ,	 (3.8)

where Tek  – the number of tasks in the training set of tasks performed by the per
former ek; T – the total number of tasks in the training set.

The probability P(ωi|ek) should be calculated using formula (3.3)
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,	 (3.9)

where Ne wk i
 – the number of occurrences of the word ωi in the names of the tasks of 

the training set performed by the performer ek; Nek
 – the total number of words in 

the names of the tasks of the training set performed by the performer ek; V – the size 
of the vocabulary (the total number of words in the training set); α – the smoothing 
parameter (allows to solve the problem of the appearance in the names of tasks of 
such words that have never been encountered in the training set). In our case, it is 
possible to assume that α = 1.

But the considered results of adapting the classification rule (3.2) to the specifics 
of the task of assigning IT project tasks to its performers do not take into account  
the specifics of the existence of individual performers within the IT project per-
formed by the company. In particular, the adapted classification rule (3.7) does not 
take into account:

– the condition of no excess of the total efforts of each performer ek for one sprint;
– the condition of the performer ek being in the team in a specific position during 

the planning and performing of the sprint, which can be determined by the compe-
tencies of this performer.
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To take these conditions into account, an assumption is introduced according to 
which each individual performer ek can be characterized by the parameter "Maxi-
mum effort of the performer in one sprint". This parameter can be formally repre-
sented as the indicator "Maximum allowable weight of class ek" Vmaxk. The value of 
the indicator Vmaxk is measured in story points (Story Points) – conventional units of 
measurement for expressing the assessment of the total effort required for the full 
implementation of a product backlog element or any other part of the work [32]. 
For each performer ek, the value of the indicator Vmaxk is determined based on the 
position held by the performer ek in the team according to their own competen-
cies. Similarly, to describe each individual task of an IT project, the parameter 
"Task completion effort" has been introduced, which can be formally represented  
by the indicator "Task weight" vi. The value of the indicator vi is also measured  
in Story Points.

Then the classification rule (3.7) when assigning each j-th task of an IT project 
will work only if the condition is met

S v Vvk i
i

j

k� �
�
�

1
max ,	 (3.10)

where Svk – the total weight of the class ek accumulated as a result of the success-
ful assignment of the previous j – 1 tasks and the current j-th task of the IT project.

If this condition is violated, then the posterior probability of the IT project task 
belonging to the performer ek should be considered equal to zero. The search for the 
performer ek with the maximum posterior probability of the task belonging to it in 
this case should be continued.

The introduction of condition (3.10) led to the emergence of a new variant of 
solving the classification problem. In the derived variant, this problem was solved un-
til all available classification objects were classified. In our case, an additional variant 
of solving the classification problem should be considered the variant in which the 
value of the total weight Svk of each of the classes approached the value of the indi-
cator Vmaxk as much as possible. This condition means that each performer received 
the maximum possible number of IT project tasks to perform, which it can perform 
during the planned sprint.

Based on the considered results of adapting MNB to the specifics of the task of 
assigning IT project tasks to its performers, the algorithm for solving the classifica-
tion problem using MNB was modified and shown in Fig. 3.2. The UML activity dia-
gram describing the modified algorithm for solving the classification problem using 
the adapted MNB is shown in Fig. 3.3.
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[The set of objects for classification is empty]

[The total weight of the class together with 
the complexity of the new task exceeds max]

[Yes]

[Yes]
[No]

[No]

1. Formation of a training set of objects

3. Selecting a set of classes

2. Testing the hypothesis that individual features of an object 
from the training set are independent of each other

6. Calculating the prior probability P(yk) of a randomly 
selected object belonging to a class yk

7. Calculating the probability P(Xi|yk) of each feature 
of the object for each given class yk

8. Calculating the posterior probability P(yk|X1,X2,…,Xn) of the 
object belonging to each class, taking into account all its features

4. Determination of the maximum permissible total weight 
of the filling of each class (Vmax, k)

5. Determination of the weight of each 
classification object (vi)

10. Zeroing the posterior probability 
of belonging to the class ym

9. Searching for a class (ym) with the max posterior probability 
of the object belonging to it (max P(yk|X1,X2,…,Xn))

11. Assigning the object to the class (ym) and increasing 
the total accumulated weight Svk = Svk + Vi 

Fig. 3.3 UML activity diagram describing a modified algorithm for solving a classification 
problem using an adapted polynomial Bayesian classifier
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3.4.2 � Description of the results of developing an algorithm 
for  implementing the developed method

The use of the modified algorithm allowed to develop a method for solving the 
problem of assigning IT project tasks to its performers as a sequence of such stages:

Stage 1 is the preparatory stage.
Stage  2 is the formation of the "Product Backlog" artifact as a set of IT pro

ject tasks.
Stage 3 is the formation of detailed descriptions of IT project tasks, the descrip-

tions of which are included in the "Product Backlog" artifact.
Stage 4 is the assignment of IT project tasks from the "Product Backlog" artifact 

to performers. Formation of the "Sprint Backlog" artifact. Completion of the method.
But this representation of the developed method is too generalized. Therefore, 

for the successful implementation of this method, an appropriate algorithm was de-
veloped. The UML activity diagram, which describes the scheme of this algorithm, is 
shown in Fig. 3.4.

The use of the developed algorithm allowed to describe in detail the features of 
the implementation of each of the stages of the method as a sequence of steps of this 
algorithm. Let's consider these sequences of steps in more detail.

The implementation of Stage 1 of the developed method consists of a sequence 
of the following algorithm steps:

Step 1. Formation of the training set.
The implementation of Stage 2 of the developed method consists of a sequence 

of the following algorithm steps.
Step 2. Dividing the initiatives of the current IT project into epics.
Step 3. Distribution of epics between teams.
Step 4. Dividing epics into User Stories and Tasks.
Step 5. Adding Tasks to the task pool outside the epics.
The implementation of Stage 3 of the developed method consists of a sequence 

of the following algorithm steps.
Step 6. Determining the values of the attributes of User Stories and Tasks.
Step 7. Determining the maximum efforts of each performer.
Step 8. Sorting tasks by priority.
The implementation of Stage 4 of the developed method consists of a sequence 

of the following algorithm steps.
Step 9. If the "Product Backlog" artifact does not contain unassigned tasks, go  

to Step 17. Otherwise, select the next task from the "Product Backlog" artifact. If this 
task has the attribute of belonging to an epic, go to Step 10. Otherwise, go to Step 11.
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1. Formation of the 
training set

14. Zeroing the posterior probability 
for the selected performer

15. Replenishing the list of tasks 
of the selected performer

16. Removing the selected performer 
from the list of performers

4. Dividing epics into 
User Stories and Tasks

2. Dividing the 
initiatives into epics

3. Distribution of 
epics between teams

[Need to distribute tasks for sprint]

[Task pool is empty]

[Task belongs to epic]

[List of performers is empty]

[Accumulated effort of selected performer's tasks 
along with new task difficulty = max]

[Accumulated effort of 
selected performer's tasks 
together with new task 
difficulty <= max]

[Yes]

[Yes]

[Yes]

[Yes]

[Yes]

[Yes]

[No]

[No]

[No]

[No]

[No]

[No]

8. Sorting tasks by priority

9. Select the next task from the Task pool

11. Dividing the task name into separate words

12. Calculating the posterior probability 
of the task belonging to each performer

13. Determining the performer with the highest 
posterior probability of the task belonging to it

6. Determining the values of the 
attributes of User Stories and Tasks

5. Adding Tasks to the task 
pool outside the epics

7. Determining 
the maximum efforts 

of each performer

17. Combining the tasks 
of the performers of each 

team into a package 
of tasks of the team 

of performers10. Form a list of performers belonging 
to teams that are assigned to the epic 

to which the current task belongs

Fig. 3.4 UML activity diagram describing the algorithm for solving the problem of assigning  
IT project tasks to its performers
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Step 10. Form a list of performers belonging to teams that are assigned to the epic 
to which the current task belongs.

Step 11. Dividing the task name into separate words.
Step 12. Calculating the posterior probability of the task belonging to each per-

former.
Step 13. Determining the performer with the highest posterior probability of the 

task belonging to it. Check the accumulated total weight of the performer Svk. If this 
total weight does not exceed the value Vmaxk, go to Step 15.

Step 14. Zeroing the posterior probability for the selected performer. Go to Step 13.
Step 15. Replenishing the list of tasks of the selected performer. Check the accu-

mulated total weight of the performer Svk. If this total weight is still less than Vmaxk,  
go to Step 9.

Step 16. Removing the selected performer from the list of performers. If the list 
of performers of the planned sprint is not yet empty, go to Step 9. Otherwise, end  
the method.

Step 17. Combining the tasks of the performers of each team into a package of 
tasks of the team of performers. Form the artifact "Sprint Backlog". 

End the method.
In Step 1 of the developed algorithm, data collection is first performed. It involves 

the accumulation of data on past tasks of those IT projects that are being performed, 
as well as on previously completed IT projects of the company. This data should include 
data on the performers to whom the tasks were assigned, and on the results of the work 
of these performers. This data must be prepared for further analysis and training of the 
adapted MNB before the first application of the developed method. When performing 
data collection, it is important to check the condition under which the number of tasks 
performed by different performers should be approximately the same. In the event 
that the use of the developed method is recognized as successful, this data can be up-
dated after the completion of each individual IT project performed by the IT company.

After collecting historical data, it is necessary to test the hypothesis of the in-
dependence of individual words in the names of tasks. For this, it is proposed to use 
pairwise correlation analysis of each combination of two words of the name. Such an 
analysis can be done, for example, by counting how many times each pair of words 
occurs in the collected task names and comparing this number with the total number 
of word pairs in the collected task names. If the correlation percentage is lower than 
a priori set threshold, the correlation between these words can be considered absent.

For preprocessing of the collected data, it is necessary to remove stop words [18]. 
Stop words are words that do not add meaning to the phrase on their own, such as 
prepositions, articles, conjunctions, pronouns, etc.
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After preprocessing, a training set is formed from the collected data. The size of 
the training set affects the accuracy of classification. To achieve the best results, the 
volume of test data should be 20–30%, and the remaining 70–80% should be training 
data [19]. However, it is advisable to determine the optimal size of the training set for 
a specific IT company and IT projects experimentally after obtaining several results 
using the developed method and algorithm. If among the performers of the IT project 
there is a new employee who has not yet worked in an IT company, then when forming 
the training set for this performer, it is advisable to add the names of tasks that corre-
spond to its qualifications and specialization. These names can be obtained, for exam-
ple, during the interview with such an employee or as a result of analyzing its resume.

The results of Step  1 of the algorithm are a repository of historical data and 
a  training set prepared for preliminary training of the adapted MNB.

At Step 2, the following data must be collected:
– designation and/or name of the IT project that is planned for implementation;
– description of the set of initiatives of this IT project and each individual initia-

tive from this set;
– description of the results of the decomposition of the IT project initiative into 

separate epics;
– description of each of the epics that are the result of this decomposition.
The division of initiatives into epics is usually carried out by project managers 

with the participation of product owners and the scrum master, who are responsible 
for planning and managing the IT project.

When forming epics, the project manager is guided by the principle of logical co-
herence, the size and complexity of the epic, as well as the relationships between 
the tasks of a single epic. Logical coherence aims to combine tasks that belong to 
the same functional area or have similar goals. This helps to avoid dispersion of ef-
forts and ensures a more coherent implementation of the project. In terms of size 
and complexity, epics should be large enough to make their separation meaningful, 
but not so large that they become unmanageable.

The result of Step 2 of the algorithm is a data array that allows to form an infor-
mation artifact "Product Backlog" as a description of the IT project initiative that is 
planned and/or being performed, and the epics to which this initiative is distributed.

In Step 3, it is necessary to collect the following data:
– a description of the epics planned for current performing;
– descriptions of the teams of potential IT project performers.
The distribution of epics is usually carried out by the product owner, with the 

participation of the scrum master, and in some cases (depending on the specifics 
of the IT project) and with the involvement of the teams of potential performers.
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Epics are distributed in such a way that they correspond to the specialization 
and competencies of the team. When distributing epics, it is also necessary to take 
into account the dependencies between tasks in order to avoid situations where 
one team cannot complete its task due to dependence on the task of another team. 
An epic can be distributed to several teams at the same time if it contains tasks 
that require different competencies. In this case, the epic tasks are divided into 
separate subtasks, which are then distributed between the appropriate teams.

The result of Step 3 of the algorithm is a data array that describes the decision 
to involve individual teams of IT project performers in the performing of epics 
planned for current performing. The basis of this data array is the information 
artifact "Product Backlog", supplemented by descriptions of the teams of per-
formers assigned to perform each epic and the individual performers that make 
up these teams.

At Step 4, it is necessary to collect the following data:
– a description of the epics planned for current performing;
– a set of descriptions of individual tasks that make up each planned epic;
– a description of the results of the decomposition of the IT project initiative into 

individual epics;
– an information artifact "Product Backlog" as a description of the set of IT pro

ject tasks planned for performing.
The breakdown of epics into individual IT project tasks (User Stories and Tasks) 

and a preliminary assessment of the efforts of these tasks are usually carried out by 
product owners with the participation of the scrum master, in close cooperation with 
the teams of performers. This step of the algorithm occurs during the planning of 
individual sprints or before the start of a new project phase.

The breakdown of epics into User Stories and Tasks is carried out according to the 
principle of logical sequence, effort and complexity. Epics are decomposed into indi-
vidual tasks that are logically interconnected and can be performed independently 
of each other. This facilitates task management and their subsequent integration. 
When decomposing epics into individual tasks, it is necessary to constantly check 
whether the efforts of these tasks correspond to the planned maximum sprint effort. 
This allows to more accurately estimate the time and resources required to complete 
each task. The frequency of breaking epics into individual tasks of an IT project de-
pends on the pace and specifics of this project. This breakdown can occur at regular 
planning meetings (for example, at the beginning of each sprint) or in cases where 
new epics appear that require distribution. This approach to breaking epics provides 
detailed work planning, facilitates the assessment of the efforts of individual tasks 
and allows to effectively manage the project.
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The result of Step 4 of the algorithm is a data array that allows to form a "Product 
Backlog" information artifact as a detailed description of the IT project initiative, 
which contains:

– a description of the current IT project initiative that is planned and/or being 
performed;

– a description of the epics planned for current performing, to which this initia-
tive is distributed;

– description of individual IT project tasks (User Stories and Tasks), into which 
epics planned for current performing are decomposed;

– descriptions of IT project teams involved in the performing of epics planned for 
current performing.

At Step 5, the following data must be collected:
– description of epics planned for current performing;
– a set of descriptions of individual tasks that make up each planned epic;
– a description of the results of the decomposition of the IT project initiative into 

individual epics;
– a set of descriptions of individual tasks that are not part of any epic;
– the "Product Backlog" information artifact as a description of the set of IT pro

ject tasks planned for performing.
Adding tasks that are not part of any epic to the "Product Backlog" artifact is usu-

ally done by the product owner, scrum masters or other responsible persons (the es-
tablishment of these persons depends on the team structure and IT project) mostly 
after discussing and agreeing on these tasks at the team level. Such tasks may appear, 
for example, as a result of detecting errors in already completed IT projects or if it 
is necessary to make changes to them at the request of the customer. This step is 
performed at planning meetings or planning of individual sprints in cases where new 
tasks appear that do not belong to existing epics.

Adding tasks that are not part of any epic allows not to lose important, but 
less global tasks that still need to be completed. Adding such tasks to the "Product 
Backlog" artifact ensures their inclusion in the general distribution and performing 
within the project.

The result of Step 5 of the algorithm is a data array that allows to specify the 
content of the "Product Backlog" information artifact as a detailed description of the 
IT  project initiative, which includes:

– a description of the current IT project initiative that is planned and/or being 
implemented;

– a description of the epics planned for current performing, into which this initia-
tive is distributed;
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– a description of individual IT project tasks (User Stories and Tasks), into which 
the epics planned for current performing are decomposed;

– a description of individual IT project tasks (usually Tasks) that require current 
performing, but are not included in any of the epics planned for current performing;

– descriptions of the IT project teams involved in the performing of the epics 
planned for current performing.

At Step 6, the following data must be collected:
– a description of individual IT project tasks (User Stories and Tasks) planned for 

current performing;
– a set of tuples of attribute values that characterize each IT project task sched-

uled for current performing.
The determination of task attribute values can begin if there is a need for this, 

as well as on the eve of sprint planning. This step of the algorithm is performed by 
the product owner and scrum masters in interaction with the teams of performers 
assigned to perform the epics that include these tasks.

The attributes that characterize IT project tasks are the name, priority, evaluation 
of the performing effort, and the epic to which the task belongs. The values of these 
attributes significantly affect the performing of the modified classification task algo-
rithm using the adapted MNB. Task priorities can be set based on their impact on the 
IT project, performing deadlines, and importance to the customer. These priorities are 
represented by numbers. The smaller the number, the higher the priority of the task.

Task effort is assessed in Story Points. Effort can range from minimum (1 Story 
Point) to maximum (13 Story Points). Typically, the following Story Points values are 
used for evaluation: 1, 3, 5, 8, and 13 [33].

The result of Step 6 of the algorithm is a data array that allows to specify the 
content of the "Product Backlog" information artifact as a detailed description of the 
IT  project initiative, which includes:

– a description of individual IT project tasks (User Stories and Tasks) planned for 
current performing;

– a list of attribute values of each IT project task planned for current performing;
– descriptions of the teams of IT project performers involved in the performing 

of  epics planned for current performing.
At Step 7, the following data must be collected for each performer:
– designation of the team to which this performer belongs;
– the level of the performer's competencies and the position that it occupies in 

the team according to these competencies;
– the standard of effort (in story points) for the planned sprint for the performer 

in the selected position.



111

Method of automatic assignment of tasks to IT project performersChapter 3

This data can be collected by the scrum master for each performer of a subor-
dinate team immediately before the start of a new iteration in the form of a sprint.

When setting this data, it is highly desirable to take into account such input data 
as the total number of sprint days, the number of performers, the number of holidays, 
the number of Story Points that were worked on during previous sprints. This addi-
tional data helps to plan the desired number of Story Points for each performer and 
thereby further plan the load of teams with tasks from the "Product Backlog" arti-
fact in such a way as to maximally complete the tasks that have been taken into work.

The result of Step 7 of the algorithm is an array of normative data that allows to 
set the value of the Vmaxk indicator for each performer of the IT project that is planned 
and performed.

At Step 8, it is necessary to collect the following data:
– a description of individual IT project tasks (User Stories and Tasks) planned for 

current performing;
– a list of priority values of each IT project task planned for current performing.
Typically, the sorting of IT project tasks by priority is carried out by the prod-

uct owner, placing tasks in the "Product Backlog" artifact by their priorities from 
the highest (minimum number) to the lowest (maximum number) value of the "Task 
Priority" attribute.

Sorting tasks in the "Product Backlog" artifact by priorities allows to arrange 
these tasks in such a way that the most important of them are planned for perform-
ing first. This helps to optimize resource costs and increase the efficiency of IT pro
ject performing.

The result of performing Step 8 of the algorithm is a data array that contains  
the "Product Backlog" information artifact, ordered by task priority values, as a list 
of individual IT project tasks scheduled for current performing.

In fact, Steps 9–17 of the algorithm for implementing the method for solving 
the problem of assigning IT project tasks to their performers repeat the steps of the 
modified algorithm for solving the classification problem using the adapted MNB 
shown in Fig. 3.3. Therefore, these features of the performing of these steps are not 
considered in detail here.

3.5  Experimental verification of the improved method

It was decided to conduct an experimental verification of the obtained results 
in one of the outsourcing IT companies of Ukraine. The selected IT company is char-
acterized by a significant number of implemented IT projects and a variety of their 
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tasks (from software development to cybersecurity). The company has multidisci-
plinary teams consisting of specialists from different areas: developers (Frontend, 
Backend), DevOps engineers, QA engineers, BI engineers, etc. These teams can be 
either permanent or formed for the duration of specific projects. The company also 
has an accumulated database of previous IT projects, tasks and results of their im-
plementation, which is important for training and tuning the modified algorithm for 
solving the classification problem.

For experimental verification of the obtained results, two teams of performers 
(symbols "A" and "B") were selected in the selected IT company. Team A consists of 
two people, team B consists of three people. The competencies of these individuals 
are characterized by one of three possible levels of gradation: junior, middle and se-
nior. A description of these teams is given in Table 3.1.

Table 3.1 Characteristics of performers

Team Performer Gradation level Max effort (SP)

A Ivan Petrov Junior 20

Oleksiy Kovalek Middle 35

B Maria Ivanova Senior 50

Gana Sergienko Middle 35

Dmytro Orlov Junior 20

Table 3.1 shows the level of gradation and maximum effort standard, measured  
in Story Points, for each performer.

During Stage 1 of the developed method, a training set was formed for training 
the adapted MNB based on historical data on successfully completed tasks.

Information on successfully completed tasks, on the basis of which the training 
set was built, is given in Table 3.2.

From Table  3.2 it can be seen that the total number of tasks in the training 
set  T = 20.

The names of the completed IT project tasks given in Table 3.2 were tokenized – 
divided into separate words (tokens) with the exception of conjunctions and prepo-
sitions. The number of occurrences of individual tokens in the names of the tasks of 
each of the performers is given in Table 3.3.

As a result of the implementation of Stage 2 and Stage 3 of the developed method, 
the "Product Backlog" information artifact was formed as a detailed list of IT pro
ject tasks, ordered by priority values, from epics, for the implementation of which 
teams A and B were assigned. The description of this artifact is given in Table 3.4.
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Table 3.2 List of completed tasks and their performers

No. Task Task performer (gradation level)

1 Frontend Design Update Ivan Petrov (Junior) 

2 UX/UI Improvement Ivan Petrov (Junior) 

3 Frontend Framework Update Ivan Petrov (Junior) 

4 Backend API Integration Oleksiy Kovalek (Middle) 

5 Web Page Load Optimization Oleksiy Kovalek (Middle) 

6 Business Intelligence Report Creation Oleksiy Kovalek (Middle) 

7 Backend Data Processing Optimization Oleksiy Kovalek (Middle) 

8 Real-time Data Analytics Dashboard Oleksiy Kovalek (Middle) 

9 Database Performance Tuning Maria Ivanova (Senior) 

10 User Authentication Implementation Maria Ivanova (Senior) 

11 Data Encryption Setup Maria Ivanova (Senior) 

12 Data Migration from Legacy Systems Maria Ivanova (Senior) 

13 DevOps Pipeline Automation Maria Ivanova (Senior) 

14 Security Vulnerability Assessment Gana Sergienko (Middle) 

15 Cloud Resource Allocation Gana Sergienko (Middle) 

16 Continuous Deployment Setup Gana Sergienko (Middle) 

17 Network Configuration Management Gana Sergienko (Middle) 

18 Mobile App Bug Fixing Dmytro Orlov (Junior) 

19 Automated Testing Script Development Dmytro Orlov (Junior) 

20 System Backup Configuration Dmytro Orlov (Junior) 

Table 3.3 Number of occurrences of tokens in the names of the tasks of each of the performers

No. Word (token)
Ivan 

Petrov 
(Junior)

Oleksiy 
Kovalek 
(Middle)

Maria 
Ivanova 
(Senior)

Gana 
Sergienko 
(Middle) 

Dmytro 
Orlov 

(Junior)

1 2 3 4 5 6 7

1 Allocation 0 0 0 1 0

2 Analytics 0 1 0 0 0

3 API 0 1 0 0 0

4 App 0 0 0 0 1

5 Assessment 0 0 0 1 0

6 Authentication 0 0 1 0 0

7 Automated 0 0 0 0 1

8 Automation 0 0 1 0 0

9 Backend 0 2 0 0 0



114

Management of a modern IT company: theoretical and technological aspects

1 2 3 4 5 6 7

10 Backup 0 0 0 0 1

11 Bug 0 0 0 0 1

12 Business 0 1 0 0 0

13 Cloud 0 0 0 1 0

14 Configuration 0 0 0 1 1

15 Continuous 0 0 0 1 0

16 Creation 0 1 0 0 0

17 Dashboard 0 1 0 0 0

18 Data 0 2 2 0 0

19 Database 0 0 1 0 0

20 Deployment 0 0 0 1 0

21 Design 1 0 0 0 0

22 Development 0 0 0 0 1

23 DevOps 0 0 1 0 0

24 Encryption 0 0 1 0 0

25 Fixing 0 0 0 0 1

26 Framework 1 0 0 0 0

27 Frontend 2 0 0 0 0

28 Implementation 0 0 1 0 0

29 Improvement 1 0 0 0 0

30 Integration 0 1 0 0 0

31 Intelligence 0 1 0 0 0

32 Legacy 0 0 1 0 0

33 Load 0 1 0 0 0

34 Management 0 0 0 1 0

35 Migration 0 0 1 0 0

36 Mobile 0 0 0 0 1

37 Network 0 0 0 1 0

38 Optimization 0 2 0 0 0

39 Page 0 1 0 0 0

40 Performance 0 0 1 0 0

41 Pipeline 0 0 1 0 0

42 Processing 0 1 0 0 0

43 Real-time 0 1 0 0 0

44 Report 0 1 0 0 0

Continuation of Table 3.3
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1 2 3 4 5 6 7

45 Resource 0 0 0 1 0

46 Script 0 0 0 0 1

47 Security 0 0 0 1 0

48 Setup 0 0 1 1 0

49 System 0 0 0 0 1

50 Systems 0 0 1 0 0

51 Testing 0 0 0 0 1

52 Tuning 0 0 1 0 0

53 Update 2 0 0 0 0

54 User 0 0 1 0 0

55 UX/UI 1 0 0 0 0

56 Vulnerability 0 0 0 1 0

57 Web 0 1 0 0 0

Table 3.4 List of IT project tasks, ordered by priority values, planned for current performing

No. Task name Priority Effort (SP) Epic ID

1 Backend API performance tuning 1 8 E2

2 Mobile app security audit 1 8 E3

3 Web page speed optimization 1 8 E5

4 Cloud infrastructure setup 1 13 E6

5 Network configuration automation 1 8 E9

6 Business intelligence dashboard creation 2 13 E8

7 Backend service integration 2 8 E2

8 Continuous integration pipeline setup 2 5 E7

9 System backup strategy implementation 2 5 E10

10 Automated testing suite development 2 8 –

11 Frontend Feature Extension 2 8 E1

12 Frontend design enhancement 2 5 E1

13 Database schema optimization 2 5 E4

14 Real-time data analysis implementation 2 5 –

15 Mobile app testing 2 5 E3

16 Data encryption security setup 3 3 E11

17 User interface design update 3 3 E1

18 Cloud service migration 3 13 E6

19 Machine learning model training 3 13 E12

Continuation of Table 3.3
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From Table 3.4 it can be seen that the total number of IT project tasks planned for 
the current performing is 19, of which two tasks (No. 10 and No. 14) are tasks that do 
not belong to any of the epics and are assigned additionally.

The progress of Stage 4 of the developed method (the actual solution of the prob-
lem of assigning IT project tasks to their performers) was proposed to be considered 
using the example of its iteration for the task "Frontend design enhancement" and 
Ivan Petrov (Junior) as its possible performer. Before the start of this iteration, the 
names of the IT project tasks given in Table 3.4 were also tokenized.

The parameters for calculating the value of the classification rule (3.7), which es-
tablishes the posterior probability of the performance of the task "Frontend design 
enhancement" by the performer Ivan Petrov, are given in Table 3.5.

Table 3.5 Parameters for calculating the value of the classification rule (3.7)

Parameter Value

General parameters

Tek 3

T 20

Nek
8

α 1

V 57

"Frontend" token

Ne wk i
2

"Design" token

Ne wk i
1

"Enhancement" token

Ne wk i
0 (missing from the training set)

Then the value of the prior probability Pek according to formula (3.8) is

P IvanPetrov(" ") . .= =
3

20
0 15

The value of the probability P("Frontend"|"Ivan Petrov") according to for
mula  (3.9) is

P Frontend IvanPetrov(" "|" ") . .�
�

� �
� �

2 1

8 1 57

3

65
0 046154
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The value of the probability P("Design"|"Ivan Petrov") according to formula (3.9) is

P Design IvanPetrov(" "|" ") . .�
�

� �
� �

1 1

8 1 57

2

65
0 03077

The value of the probability P("Enhancement"|"Ivan Petrov") according to for
mula (3.9) is

P IvanPetrovEnhancement(" "|" ") . .�
�

� �
� �

0 1

8 1 51

3

65
0 015385

The value of the posterior probability according to formula (3.7) is

P e P ek i k
i

n

� � � � � � � � �

�
�
� � | . . . .

1

0 15 0 046154 0 03077 0 015385

0.0000033277370962995� � �3 3 10 6. .

The results of the calculations of the posterior probability for each task and per-
former are given in Table 3.6.

Table 3.6 Results of the calculations of the posterior probability for each task and performer

Task 
No.

Ivan Petrov 
(Junior)

Oleksiy Kovalek 
(Middle)

Maria Ivanova 
(Senior)

Gana Sergienko 
(Middle) 

Dmytro Orlov 
(Junior)

1 2 3 4 5 6

1 8.4  ×  10–9 3.48 × 10–8 3.52 × 10–8 7.44 × 10–9 6.62 × 10–9

2 8.4 × 10–9 5.81 × 10–9 8.8 × 10–9 1.49 × 10–8 2.65 × 10–8

3 8.4 × 10–9 6.97 × 10–8 8.8 × 10–9 7.44 × 10–9 6.62 × 10–9

4 5.46 × 10–7 4.7 × 10–7 1.29 × 10–6 2.14 × 10–6 4.57 × 10–7

5 5.46 × 10–7 4.7 × 10–7 1.29 × 10–6 2.14 × 10–6 9.13 × 10–7

6 8.4 × 10–9 9.29 × 10–8 8.8 × 10–9 7.44 × 10–9 6.62 × 10–9

7 5.46 × 10–7 2.82 × 10–6 6.43 × 10–7 5.36 × 10–7 4.57 × 10–7

8 8.4 × 10–9 1.16 × 10–8 3.52 × 10–8 2.98 × 10–8 6.62 × 10–9

9 8.4 × 10–9 5.81 × 10–9 1.76 × 10–8 7.44 × 10–9 2.65 × 10–8

10 8.4 × 10–9 5.81 × 10–9 8.8 × 10–9 7.44 × 10–9 5.29 × 10–8

11 1.64 × 10–6 4.7 × 10–7 6.43 × 10–7 5.36 × 10–7 4.57 × 10–7

12 3.3 × 10–6 4.7 × 10–7 6.43 × 10–7 5.36 × 10–7 4.57 × 10–7

13 5.46 × 10–7 1.41 × 10–6 1.29 × 10–6 5.36 × 10–7 4.57 × 10–7
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1 2 3 4 5 6

14 8.4 × 10–9 3.48 × 10–8 5.28 × 10–8 7.44 × 10–9 6.62 × 10–9

15 5.46 × 10–7 4.7 × 10–7 6.43 × 10–7 5.36 × 10–7 3.65 × 10–6

16 8.4 × 10–9 1.74 × 10–8 1.06 × 10–7 2.98 × 10–8 6.62 × 10–9

17 5.04 × 10–8 5.81 × 10–9 1.76 × 10–8 7.44 × 10–9 6.62 × 10–9

18 5.46 × 10–7 4.7 × 10–7 1.29 × 10–6 1.07 × 10–6 4.57 × 10–7

19 8.4 × 10–9 5.81 × 10–9 8.8 × 10–9 7.44 × 10–9 6.62 × 10–9

The results of applying logarithmic transformation (based on the decimal loga-
rithm) for better perception of the classification results according to formula (3.3) 
are given in Table 3.7.

Table 3.7 Results of applying logarithmic transformation of posterior probability 
calculations for each task and performer

Task 
No.

Ivan Petrov 
(Junior)

Oleksiy Kovalek 
(Middle)

Maria Ivanova 
(Senior)

Gana Sergienko 
(Middle)

Dmytro Orlov 
(Junior)

1 –8.076 –7.46 –7.45 –8.13 –8.18

2 –8.076 –8.24 –8.06 –7.83 –7.58

3 –8.076 –7.16 –8.06 –8.13 –8.18

4 –6.26 –6.33 –5.89 –5.67 –6.34

5 –6.26 –6.33 –5.89 –5.67 –6.04

6 –8.076 –7.03 –8.06 –8.13 –8.18

7 –6.26 –5.55 –6.19 –6.27 –6.34

8 –8.076 –7.94 –7.45 –7.53 –8.18

9 –8.076 –8.24 –7.75 –8.13 –7.58

10 –8.076 –8.24 –8.06 –8.13 –7.28

11 –5.79 –6.33 –6.19 –6.27 –6.34

12 –5.48 –6.33 –6.19 –6.27 –6.34

13 –6.26 –5.85 –5.89 –6.27 –6.34

14 –8.076 –7.46 –7.28 –8.13 –8.18

15 –6.26 –6.33 –6.19 –6.27 –5.44

16 –8.076 –7.76 –6.98 –7.53 –8.18

17 –7.3 –8.24 –7.75 –8.13 –8.18

18 –6.26 –6.33 –5.89 –5.97 –6.34

19 –8.076 –8.24 –8.06 –8.13 –8.18

Continuation of Table 3.6
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The results of the IT project task distribution for the performers from teams A 
and B are presented in Table 3.8.

They show that none of the performers reached their maximum workload. This 
is probably due to the lack of tasks with a complexity that would exactly match the 
remaining maximum workload capabilities of the performers.

Table 3.8 Task distribution results

User Stories & Task
The com-

plexity 
(SP)

Performer
Max 

effort 
(SP)

Remain-der 
SP

11. Frontend Feature Extension 8 Ivan Petrov 
(Junior)

20 4

12. Frontend design enhancement 5

17. User interface design update 3

3. Web page speed optimization 8 Oleksiy 
Kovalek 
(Middle)

35 1

6. Business intelligence dashboard creation 13

7. Backend service integration 8

13. Database schema optimization 5

1. Backend API performance tuning 8 Maria 
Ivanova 
(Senior)

50 8

8. Continuous integration pipeline setup 5

10. Automated testing suite development 5

14. Real-time data analysis implementation 5

16. Data encryption security setup 3

18. Cloud service migration 13

4. Cloud infrastructure setup 13 Gana 
Sergienko 
(Middle)

35 1

5. Network configuration automation 8

19. Machine learning model training 13

2. Mobile app security audit 8 Dmytro 
Orlov 

(Junior)

20 2

9. System backup strategy implementation 5

15. Mobile app testing 5

In the case of assignment of task No. 10, the total weight of assigned tasks for 
the performer Dmytro Orlov exceeded his maximum allowable weight. Therefore, 
it was decided to transfer this task to the next performer with the highest posterior 
probability. This performer turned out to be Maria Ivanova.

In the case of assignment of task No. 19, the total weight of assigned tasks for 
the performer Maria Ivanova exceeded her maximum allowable weight. Therefore, 
it was decided to transfer this task to the next performer with the highest posterior 
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probability. This performer turned out to be Ivan Petrov. But in the case of assign-
ment of task No. 19 to him, the total weight of assigned tasks also exceeded his max-
imum allowable weight. Therefore, it was decided to transfer task No. 19 to the next 
performer. This performer turned out to be Gana Sergienko.

After distributing tasks among the performers of the IT project, task packages 
were formed for each team of performers by combining tasks that were distributed 
to performers of the same team. The formed task packages of each team are given 
in Table 3.9.

Table 3.9 Results of using the developed method

Team Task

A 3. Web page speed optimization

6. Business intelligence dashboard creation

7. Backend service integration

11. Frontend Feature Extension

12. Frontend design enhancement

13. Database schema optimization

17. User interface design update

B 1. Backend API performance tuning

2. Mobile app security audit 

4. Cloud infrastructure setup 

5. Network configuration automation 

8. Continuous integration pipeline setup 

9. System backup strategy implementation 

10. Automated testing suite development

14. Real-time data analysis implementation

15. Mobile app testing 

16. Data encryption security setup

18. Cloud service migration

19. Machine learning model training

3.6  Discussion of the research results

As a result of the study, a method was developed for automatically solving the 
problem of assigning IT project tasks to its performers. The developed method 
is based on the presentation of the problem of assigning IT project tasks to its 
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performers as a type of classification problem. This presentation made it possible 
to propose using MNB to solve this problem. This version of the classifier is quite 
simple to implement and allows for good processing of sets of attribute data, which 
are descriptions of IT project tasks.

During the study, the existing version of MNB was adapted to the features of 
the problem of assigning IT project tasks to its performers. In particular, the classi-
fication rule with minimal error (3.2) as a result of adaptation to the features of this 
problem took the form (3.7). The results of adapting the methods for calculating the 
values of the elements of the classification rule (3.7) are given in the form of expres-
sions (3.8) and (3.9). To take into account the limitations that arise as a result of the 
IT project performer being in the team in a specific position, it was proposed to add 
condition (3.10) to the classification rule (3.7) of the possibility of assigning a task to 
a specific performer.

The results of adapting MNB to the specifics of the task of assigning IT project 
tasks to its performers were used as the basis for modifying the algorithm for solving 
the classification problem. The result of this modification in the form of an activity 
diagram in the UML language is shown in Fig. 3.3.

Based on the results obtained, a method was developed for automatically solv-
ing the problem of assigning IT project tasks to its performers. Using this method 
makes it possible to exclude human participation in the process of directly solving 
the problem of assigning IT project tasks to its performers (in the process of perform-
ing Stage 4 of the method). This makes it possible to obtain a solution to this problem 
in a sufficiently short period of time and reduce the time spent on planning individual 
sprints (iterations) of the IT project.

Another significant advantage of the developed method is a fairly high level of 
objectivity of the results of task distribution. The use of a modified algorithm for 
solving the classification problem based on the adapted MNB allows making deci-
sions based on statistical data and historical information, which minimizes the possi-
bility of subjective errors and bias. This ensures transparency of the task distribution 
process, which in turn increases trust on the part of the performers and helps to in-
crease their motivation.

Unlike the solution to this problem described in [15], the proposed method al-
lows at least partially to take into account the experience and competence of the 
performers of the IT project. The experience of the performers when solving the 
problem is taken into account by selecting for a specific performer those tasks 
whose names largely coincide with the names of tasks successfully completed by 
this performer earlier. The competence of the performers when solving the problem 
is taken into account by assigning to each specific performer their own value of the  
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indicator "Maximum permissible weight of class ek" Vmaxk. This value is set based on 
the position held by the ek performer in the team based on their own competencies.

The use of MNB to solve the problem of assigning IT project tasks to its per
formers made it possible, in contrast to the solution described in [16], to abandon 
vector descriptions of IT project tasks and the calculation of the cosine similarity 
measure. The calculation of the scalar elements of the classification rule (3.7) and 
condition (3.10) requires less computational resources and requires less time to cal-
culate the result of solving the problem.

The main limitation of the application of the developed method is the con-
stant need to maintain the historical data repository, which is used to train the  
adapted MNB, in an up-to-date state. This data should be collected by analyzing 
previous IT  projects, assessing the success of individual tasks, and providing feed-
back from the teams of performers. Regular updating and validation of historical 
data are critically important for ensuring the accuracy and relevance of the results 
of solving the problem of assigning IT project tasks to its performers.

Among the limitations and disadvantages of the application of the algorithm for 
implementing the developed method, it is also worth noting some difficulties with 
the classification of tasks that have similar names, but differ in content. This can lead 
to erroneous distribution of tasks between individual performers.

To improve the accuracy of classification, it is necessary to use a larger amount 
of historical data for training the model. Regular updating and expansion of the key-
word dictionary will help the algorithm better understand the context of the tasks. 
Therefore, work on the creation and development of a specialized thesaurus, on the 
basis of which the training set for MNB should be formed, is one of the promising 
areas of further research on this issue.

Another area of further research into solving the problem is the use of modern 
artificial intelligence tools to increase the accuracy and objectivity of solving the 
problem of assigning IT project tasks to its performers. In particular, it is about the 
possibility and feasibility of using lemmatization for pre-processing text names of 
individual IT project tasks. Although one of the authors of this study has conducted 
work in this direction [34], it requires further development for successful use in the 
field of ongoing management of IT projects and their performers.

3.7  Conclusions

As a result of the research, a method for solving the problem of assigning IT pro
ject tasks to its performers was developed. The use of this method requires human 
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participation only to perform operations in preparation for the distribution of 
IT  project tasks among the members of the team of performers. The actual solution 
to the problem of assigning IT project tasks to its performers using the developed 
method is carried out without the participation of stakeholders of the IT project that 
is planned and/or being performed.

During the development of the method, MNB was adapted to the specifics of the 
problem of assigning IT project tasks to its performers. As a result of this adaptation, 
the classification rule with a minimum error (3.7) was clarified by introducing an ad-
ditional condition (3.10). This condition allows taking into account the level of com-
petence of the IT project performer when solving the classification problem as the 
maximum permissible efforts of the tasks assigned to it for performing. The features 
of calculating the elements of the classification rule (expressions (3.8) and (3.9)) were 
also clarified. This made it possible to adapt the classification rule, proven in practice, 
to the task of assigning IT project tasks to its performers and to modify the algorithm 
for solving the classification problem accordingly.

Based on the results obtained, a general description of the method for solving 
the task of assigning IT project tasks to its performers was developed. For a detailed 
description of the content of individual stages, an algorithm for implementing this 
method was developed. The diagram of this algorithm shown in Fig. 3.3 and the pro-
posed descriptions of the main steps of this algorithm determine the features of its 
implementation both as a methodology for applying the obtained solutions in the 
current management of an IT project and as a specialized information technology.

To verify the operability of the obtained results, an experimental test of the 
method and its implementation algorithm was conducted during the management of 
one of the IT projects of an outsourcing IT company. The course of using the method 
and the main results of the implementation of its individual stages are presented. 
These results include:

– determination of teams of IT project performers and the composition of these 
teams, taking into account the level of gradation of individual performers;

– formed training set and results of its tokenization;
– "Product Backlog" information artifact as a detailed list of IT project tasks, or-

dered by the values of their performing priorities;
– example of iterations of Stage 4 of the developed method;
– results of calculating the values of the classification rule for all tasks and IT pro

ject performers;
– results of distributing IT project tasks to performers from selected teams;
– "Sprint Backlog" information artifacts as task packages for each team of per-

formers.
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The results of experimental verification indicate the feasibility of using 
the developed method to solve the problem of assigning IT project tasks to its 
performers. The developed method contributes to better project planning, 
minimizes administrative burden and helps to avoid delays and errors in pro
ject performing. The method is easily adapted to different projects and teams 
due to the ability to adjust the algorithm parameters in accordance with spe- 
cific features.

The authors consider it advisable to continue the research to conduct a com-
parative analysis of the results of using different text classification algorithms to 
solve the problem of assigning IT project tasks to its performers.
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Abstract
The object of the study is the process of project assessment and control.
During the study, the task of assessing the complexity of an IT project for video 

game localization was solved. In this direction, there has been little research re
cently conducted in the IT industry, mainly aimed at solving organizational problems 
of managing relevant IT projects. Research aimed at solving problems of assessing 
time spent on implementing IT projects for video game localization is mainly of an 
applied nature. Therefore, there is a constant need to conduct scientific research and 
process the experience of individual specialists and IT companies acquired during 
the planning and implementation of IT projects for video game localization.

According to the results of the study, a set of main factors that influence the im-
plementation of a third-level IT project for video game localization was identified, 
and a system for their classification was proposed. Based on the results of identifying 
and classifying these factors, a method for assessing the complexity of an IT pro
ject for video game localization was developed. This method consists of four stages, 
which, in turn, are divided into 12 activities. The features of each of the activities of 
the developed method are described in detail.

Experimental verification of the obtained results was carried out in two stages. 
At the first stage, the developed method was used to assess the duration of the 
Ukrainian localization of the video game "Don't Starve Together". The predicted 
assessment of the translation duration of this game was 32 hours 57 minutes. The 
actual translation duration was 26 hours 26 minutes. The predicted translation du-
ration exceeded the actual one by 24.7%. At the second stage, the effectiveness of 
using the localization characteristics obtained during the assessment of previous 
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IT projects was tested in the project on the Ukrainian localization of the game "Sid 
Meier's Civilization® VI". The predicted translation duration was 11 hours 11 min-
utes. The actual translation duration was 9 hours 57 minutes (the difference with the 
predicted value was 12.1%).

Additionally, the assessment results obtained using the developed method were 
compared with the assessment results obtained using the common methodology for 
assessing time spent on software localization. The results showed that using the de-
veloped method allows for the most accurate estimates of time spent on third-level 
IT projects for video game localization.

Keywords
Localization, assessment, IT project, translation unit, video game.

4.1  Introduction

Developers of modern IT products are increasingly focused on consumers from 
the global, rather than local market. However, the adaptation of IT software prod-
ucts to local markets (localization) remains a necessity caused by the prevalence of 
languages, cultural diversity and the specifics of local legislation. One of the most 
complex types of such IT products, from the point of view of localization, are com-
puter games  (or video games). The term "computer game" should be understood 
as a  separate class of application software that involves the interaction of the 
user (player) with other players or a computer in order to achieve a goal set by the 
rules of the  game [1].

Video game localization is a relatively new area of activity in the IT industry. Re-
searchers have recognized that since the 2000s. IT companies have begun to apply 
a new approach known as "deep localization" [2, 3]. This approach requires bring-
ing the game closer to the consumer in each individual localization (everything that 
does not contradict the game world itself and can facilitate player immersion can be 
revised and adapted in accordance with what is considered a more successful local 
influence) [3]. Therefore, modern research suggests dividing the global problem of 
"deep localization" into two separate aspects [2, 4, 5]:

– "linguistic" localization (which mainly concerns the translation process);
– "product localization" (which consists in adapting a product or service to the 

culture and language of customers in a specific target market  [4,  5], even deeply 
changing the relevant structural and artistic aspects of the product).

IT projects for video game localization also differ significantly from other IT pro
jects for the creation, modification or development of IT products. Among the 
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differences of IT projects for video game localization, it is worth noting the special 
requirements that are imposed on the planning of such projects. In particular, during 
planning, an important task is to assess the complexity of video game localization. 
Such an assessment requires a deep understanding of the various factors that affect 
the successful implementation of relevant IT projects. An objective and accurate as-
sessment of the complexity of video game localization allows for increased accuracy 
in planning time and personnel needs for an IT project, and also affects the accuracy 
of assessing financial costs for this IT project.

The current state of research in the field of software localization for IT products 
and video games, as a separate class of such products, demonstrates some progress 
in the development of methods and tools for assessing the complexity of IT projects. 
Separate works by such leading institutions and organizations as the Localization 
Industry Standards Association (1990–2011), the International Game Developers 
Association (IGDA), and some localization service providers are devoted to solving 
the issues of effective management and assessment of localization projects. How-
ever, the problem of increasing the accuracy of assessing the complexity of IT pro
jects for video game localization has not been fully resolved, in particular, due to the 
growth of globalization processes and the complexity of video games. At the same 
time, given the high requirements for translation quality and technical adaptation, 
correct assessment of complexity becomes critically important for the successful 
management of modern IT projects. Accurate forecasting of localization operations 
is critically important, since errors in assessment can lead to underassessment or 
overassessment of resources (team, budget, etc.) or time required for project imple-
mentation. These errors, in turn, negatively affect project planning processes and 
end-user satisfaction. Therefore, research on the development of new and improve-
ment of existing methods for assessing the complexity of IT projects for video game 
localization is relevant from both theoretical and applied points of view.

4.2 � Analysis of current research in the field of software and video 
game  localization

In general, the number of studies in the field of software and video game local-
ization should be recognized as insufficient. Thus, in [2] it was recognized that for 
the period 1981–2021 in well-known journals, conferences and seminars indexed 
in the three main scientific search engines (Scopus, WoS and Google Scholar), only 
45 studies were published on this topic. A similar conclusion was made in [6]: out of 
468 researched scientific articles devoted to the processes of game development, 
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localization was considered in only a few of these articles. At the same time, atten-
tion was mainly paid to the following issues [6]:

– research on regional aspects of game localization;
– research on individual concepts related to game localization.
An important problem was and remains the problem of effective organization 

of localization work. An equally important issue is the possibility of connections be-
tween localization and other work of an IT project on video game development. Un-
fortunately, in the early 2010s, the relationship between localization and software 
development processes was largely ignored in research. In practice, localization was 
often separated from development  [4]. In 2013,  [7] proposed an extended video 
game value chain diagram that included a game localizer (Fig. 4.1).

Hardware 
Manufacturer

Game 
Developer

Game 
Localizer

Publisher Distributor Retail Consumer

Fig. 4.1 Diagram of the extended video game value chain
Source: [7]

As can be seen from this diagram, the game localizer function is excluded from 
the main chain of the IT company. In the process of localizing a game, the localizer 
could interact with the publisher, the game developer, and the hardware manu
facturer [7].

The reasons for this separation are the perception of localization as a labor-
intensive and expensive activity, often performed by external partners of IT soft-
ware development companies. Such external partners have limited access to devel-
opers and rely on documentation and formalized processes. This contrasts with the 
minimal documentation and on-site presence cultivated in Agile IT project manage-
ment methods [8].

This situation has hardly improved in the first half of the 2020s. In [9] it is noted 
that as of 2023, there are almost no studies that analyze localization from the per-
spective of video game development. According to the results of a survey of develop-
ers of video games available in Spanish on Steam, in [9] it was found that the choice 
of translator is influenced by the size and experience of the development company. 
The earlier the localization is planned, the greater the likelihood that the game will 
be translated by a professional who cannot play the game before its translation.  
In general, from the results of the processing of the surveys presented in [9], it is 
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possible to conclude that it is desirable to consider the localization of a video game as 
a subproject or a separate IT project, which is carried out in parallel with the IT pro
ject for the development of the video game. However, the models and methods of 
managing an IT project for the localization of a video game are formed exclusively 
on the basis of the private experience of individual specialists and IT  companies 
and have hardly been studied by scientists.

This conclusion is confirmed by the results of field research by a specialist in 
the field of video game localization M. Toftedahl. Based on the results of this re-
search, published in [10], he proposed to present the organizational structure of an 
IT company for the development of games in the indie sector in the form of a  dia-
gram shown in Fig. 4.2.
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Fig. 4.2 Structure of an indie game development company based  
on field research in Sweden and China

Source: [10]

As can be seen from the diagram in Fig. 4.2, game localization is a work or sep-
arate IT project that is performed both by the IT development company and by the 
external (relative to the IT development company) environment. The interaction of 
the IT development company with such external projects in [10] is proposed to be 
organized through the management of the competencies of the performers of these 
external projects. However, in the studied cases of video game localization, the re-
sults showed that localization is a more demanding IT project than initially planned. 
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Even if the support of competencies from the external environment is used, manage-
ment and development should also largely take place in the internal environment of 
the IT development company [10].

In general, based on the results of the research conducted in [10], the following 
general conclusions were formulated:

–  game localization is one of the important development tasks that must be 
planned in a timely manner;

– game localization is a task which complexity is underestimated;
– localization is not the main (critical) element of the IT project for developing an 

indie video game, it is implemented as needed;
– in the context of indie game development, game localization is synonymous 

with translation, more complex aspects of localization related to game mechanics 
and game design (the so-called culturalization of the gameplay) require addi
tional  research.

The factors identified as contributing to success in game localization in [10] are:
– cultural sensitivity;
– effective communication and collaboration;
– use of localization tools and technologies.
The author of [10] believes that these factors are likely to be relevant to game 

localization efforts in different contexts and game genres.
Among the problems faced by game localization professionals,  [10] specifi

cally  mentions:
– tight localization deadlines;
– the need for effective localization project management.
These problems, according to the author of [10], are likely common to the en-

tire  industry.
The main tools used in the process of video game localization will remain ma-

chine and automated (computer-aided translation, CAT) translation systems. How-
ever, the use of such systems has its own characteristics, which depend on both 
the translator and the language into which the text is translated. The experience 
of using machine translation systems in the process of software localization under 
the conditions of daily work of professional translators for languages with low re-
sources and rich morphology (Czech, Estonian, Hungarian, Latvian, Lithuanian and 
Polish) is reviewed in [11]. The results of experimental studies showed that the 
use of machine translation suggestions in addition to the use of CAT increased the 
productivity of translators in all assessment experiments. However, significant dif-
ferences were observed in the productivity of different translation tasks and in the 
results of different translators. In [11] it was proposed to explain these differences 
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by the work mode and skills of individual translators. It should also be noted that 
the error rate increased in all of the experiments (except one), while remaining at 
the "Good" quality level. This result was explained in [11] by the fact that transla-
tors tend to trust the suggestions coming from the machine translation tool and do 
not check them sufficiently, even if they are marked as machine translation sugges-
tions. It should be recognized that with the development of the capabilities of arti-
ficial intelligence tools, interest in the use of such tools in the field of software and 
video game localization has increased. Thus, in [12] an example of tuning the orig-
inal neural machine translation model RNN-encoder-decoder with the addition of 
categorical information related to the problem of rare words (words that relate to 
a certain subject area, which is a common phenomenon in the text of software) is 
considered. However, this model has not been tested for video game localization 
and, according to the authors, provides successful translation results mainly for 
English and other official languages used by the United Nations [12].

The use of GPT capabilities for video game localization was investigated in [13]. 
The results show that the GPT-4 model is capable of providing multilingual out-
put in a structured form. The GPT-4 model seems to have the ability to support  
the resolution of transcreation-related problems such as brainstorming, compar-
ison, and coherence, although the results are not always satisfactory, and there 
are errors including conceptual repetition, formatting issues, and inappropriate 
or unusual portmanteau. In terms of output quality, the English-Chinese combina-
tion appears to be less creative compared to adaptations from English into French 
or Spanish. However, to draw any conclusions on this issue, further comparative 
qualitative and quantitative studies are needed, as well as reception studies 
among users to find out their preferred translations, as creativity is a highly sub-
jective matter [13].

However, the use of GPT-4 for video game localization is not free from many 
drawbacks, among which [13] particularly highlight the following:

– the strong dependence of localization performance on the specific arrange-
ment of tokens in the GPT-4 model;

– the limitation of the amount of context that can be used to improve coherence 
can lead to transcreations that deviate from previous work or do not correspond to 
the setting of the video game;

– GPT models can produce hallucinatory or nonsensical results or contain gram-
matical or spelling errors;

– GPT models may not take into account culturally sensitive issues, which can 
lead to the perpetuation, reproduction, and even reinforcement of stereotypes and 
prejudices that were present in the training data of these models;
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– the different amount of data available in different languages affects the qual-
ity of results for certain language pairs during translation and cultural adaptation;

– GPT models risk violating copyright and intellectual property laws, which can 
expose users to financial and legal consequences;

– GPT models are currently limited by paid access, and the number of monthly 
messages allowed by more powerful models is limited, which negatively affects the 
localization market and workforce;

– opacity, together with the randomness of the results, limits the interpretabil-
ity and applicability of the GPT model, as well as the reproducibility of the results.

However, the authors of the study [13] note that the results obtained and the 
identified limitations of the application of GPT models for video game localization 
were established by them on the example of one video game. Therefore, additional 
research is required to clarify the conclusions regarding the possibility and feasibility 
of using GPT models for video game localization. In general, [13] recommends using 
the capabilities of GPT models to interact with such categories of localization special-
ists as interns and beginners. Thanks to the capabilities of GPT models, these cate-
gories of specialists can increase their productivity and creativity, while maintaining 
control over the result using spoken machine transcreation based on prompts [13].

Summing up the interim results of the analysis of research on game localiza-
tion tools, it should be recognized that the main localization tools remain the hu-
man translator and the CAT and machine translation tools he/she uses. The main 
advantages of using such tools are their speed and cheapness compared to human 
translation. However, the use of machine translation has a number of disadvantages, 
among which it is especially worth noting:

– the impossibility of a complete and high-quality understanding of the context;
– the inability to interpret idioms and cultural features;
– the inability to convey the literary features of the text;
– difficulties with the translation of highly specialized texts;
– the inability to be creative.
Therefore, it is impossible to fully localize a video game using machine trans-

lation tools, especially while maintaining the consistency of terminology, ensuring 
its correctness, and taking into account textual and linguistic features. Editing such 
a  text requires a large number of editors, and its result will contain more undetected 
errors. To combine the advantages of each method, machine translation tools can 
be used in some cases at the translator's discretion to speed up the translation of 
individual translation units, rather than the text as a whole. The term "translation 
unit"  (TU) should be understood as the smallest indivisible text that can be repre-
sented by a word, phrase, sentence, or set of sentences [14].
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Thus, based on the results of the analysis, it is possible to conclude that there 
is a need for a modern perception of video game localization as a separate type of 
IT  project. The main resources of these IT projects are game text translation spe
cialists and CAT and machine translation tools. Modern Agile and hybrid method
ologies can be used for the general management of such IT projects. However, spe-
cific methods and models for assessing, planning, and managing the work of such 
projects remain almost unexplored.

Therefore, the aim of this study is to develop a method for assessing the complex-
ity of video game localization work with increased accuracy. This increase is planned 
to be achieved by taking into account a larger number of factors affecting the com-
plexity of localization work than in currently existing methods.

To achieve the aim, it is proposed to solve the following objectives:
–  develop a method for assessing the complexity of an IT project for video 

game  localization;
– carry out experimental verification of the developed method.

4.3  Basic research method

The object of the study is the process of project assessment and control. The pur-
pose of this process is to ensure the balance and feasibility of plans, determine the 
status of the project, its technical implementation and implementation of processes, 
ensure implementation according to plans and schedules within the projected bud-
gets for technical tasks [15].

The main hypothesis of the study is the hypothesis of the possibility of increasing 
the accuracy of forecasting the duration of the IT project for video game localization 
by means of:

– research of factors that affect the complexity of localization work;
– development of a method for assessing the complexity of the IT project for 

video game localization.
The main assumption of the study is the assumption about the method of im-

plementing the IT project for video game localization. According to the results of 
the analysis of modern scientific research presented in Section 4.1, this method is 
considered as the translation of game texts by a human translator using machine 
translation tools.

A study of current experience in quantitatively assessing time costs as an 
indicator of the complexity of an IT project for video game localization [16–19] 
showed that the main method of such assessment remains the method based on 
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the number of words. This method is based on calculating the indicator of transla-
tion time costs test according to the formula

test = w/s,	 (4.1)

where w – the number of words in the text being translated; s – the recommended 
translation speed.

Different variations of this methodology can use different analogues of the in-
dicators of the number of words in the text being translated and the recommended 
translation speed. Thus, instead of the indicator "Number of words in the text being 
translated", the following indicators of text volume can be used:

– "Total number of words in the localization file" (indicator W1);
– "Number of unique words in the localization file" (indicator W2);
– "Number of words in unique TUs of the localization file" (indicator W3).
The software translation speeds recommended in [16–19] can be characterized 

by the following indicators:
– "Interface translation speed" (indicator S1) [16, 17];
– "Speed taking into account the complexity of the text" (indicator S2) [18];
– "Baseline speed" (indicator S3) [19].
A comparison of the above speed indicators is presented in Table 4.1.
The considered indicators W1–W3 and S1–S3 can be compared depending 

on whether they take into account certain factors of localization complexity. The 
results of the comparison of the complexity factors considered in [16–19], which 
are taken into account by variations of the method based on the number of words,  
are given in Table 4.2.

The variants of the translation duration assessment methodology defined 
in [16–19] offer slightly different indicators for assessing the translation duration. 
However, all of these variants state that the duration of editing is equal to half the 
duration of the text translation work.

Table 4.1 Comparison of translation speed indicators proposed in [16–19]

Indica-
tors

Recommended 
speed, words/day

Recommended 
speed, words/hour Availability of variability

S1 2000 250 Present (depends on the type of content)

S2 1200–4000 200–500 Present (depends on difficulty)

S3 2500 300 Absent

Source: [16–19]
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Table 4.2 Results of the comparison of the complexity factors, taken into account 
by  variations of the method based on the number of words

Factor
Indicator

W1 W2 W3

Text volume Takes into 
account

Takes into 
account

Takes into 
account

Text complexity Doesn't count Doesn't count Doesn't count

Speed of the method application Very high High High

Need for preliminary data processing Absent Necessary Necessary

Taking into account the linguistic  
features of the text

Doesn't  
count

Doesn't  
count

Doesn't  
count

Uniqueness of the text Doesn't  
count

Takes into 
account

Partially takes 
into account

Factor
Indicator

S1 S2 S3

Text volume Takes into 
account

Takes into 
account

Takes into 
account

Text complexity Partially takes 
into account

Takes into 
account

Doesn't  
count

Speed of the method application High Low Very high

Need for preliminary data processing Absent Necessary Absent

Taking into account the linguistic  
features of the text

Doesn't  
count

Partially takes 
into account

Doesn't  
count

Uniqueness of the text Doesn't  
count

Partially takes 
into account

Doesn't  
count

The main drawback of the considered indicators of text volume and translation 
speed is that they do not take into account the complexity of the text (with the ex-
ception of S2). The factors considered in Table 4.2 are sufficient for comparing the 
indicators with each other. However, the list given in Table  4.2 is not an exhaus-
tive list of factors that determine the duration and complexity of translation work.

According to the data in Table 4.1, it can be concluded that in [16–19] the recom-
mended translation speed is set at or close to 300 words per hour. In cases where the 
translation work is already in progress, the average translation speed can be taken 
as the recommended speed. However, this indicator will be individual for each indi
vidual translator.
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The review of the methodology based on the number of words allowed to draw 
the following conclusions:

– this methodology was and remains the most common means of calculating the 
duration of an IT project for the localization of an IT product;

– this methodology does not take into account a number of indicators that di
rectly affect the duration of translation;

– this methodology is a quick, but not accurate way of calculating the predicted 
duration of translation in an IT project for the localization of an IT product;

– among the studied variations of this methodology, only variations based on the 
S2 indicator take into account the complexity of the text when calculating the dura-
tion of the localization of an IT product.

Therefore, when developing a method for assessing the complexity of an IT pro
ject for the localization of a video game, the considered features of the methodology 
based on the number of words should be taken into account in order to eliminate the 
identified shortcomings of this methodology.

It is proposed to divide the experimental verification of the research results into 
two stages:

– the main stage;
– the additional stage.
The purpose of the main stage is to verify the effectiveness of the developed 

method for assessing the complexity of an IT project for video game localization in 
comparison with the existing method based on the number of words. To verify this 
effectiveness, it is proposed to use the following indicators: absolute localization du-
ration, relative error in the prediction of localization duration, relative average error 
in the translation duration of localization files.

The purpose of the additional stage is to verify whether the values of the pro-
posed individual translation speed coefficient (ITSC), which were obtained within 
the IT project for the localization of one video game, can be used in the IT project for 
the localization of another video game. This will allow to investigate the possibility of 
applying the proposed ITSC in games that differ in genres and text styles.

Crowdin [20] was chosen as the CAT tool for video game localization used during 
the experimental verification of the research results. It is a cloud platform for man-
aging translations and localization. It is suitable for localizing desktop and mobile 
applications, websites, and software documentation. Crowdin is a Ukrainian devel-
opment and performs the same functions as Phrase Strings [21], but has both a paid 
subscription and a free version. The free version allows to create public and private 
projects up to 60,000 words. Crowdin contains information on over 176,000 local-
ization projects and over two million registered users.
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4.4 � Results of the development of a method for assessing the complexity 
of an IT project for video game localization

4.4.1 � Identification of factors affecting the complexity of video game 
localization work

As noted above, the list given in Table 4.2 is not an exhaustive list of factors that 
determine the duration and complexity of translation work. Therefore, to develop 
a  method for assessing the complexity of an IT project for video game localization, 
a  special study was conducted to identify the main classes and groups of factors 
that can affect the progress and results of such an assessment [22].

According to the results of this study, it is proposed to divide the entire set of 
main factors that affect the progress and results of assessing the complexity of an 
IT  project for video game localization into three main classes (Fig. 4.3):

– class of technical factors;
– class of factors set by the customer;
– class of factors determined by volume and content limitations.
It is proposed to include a set of limitations in the class of technical factors, 

which are primarily determined by the architecture of the IT product being local-
ized, as well as the capabilities of the software used for localization. It is proposed 
to divide this set into the following groups of factors:

– "Selected CAT tool";
– "Localization file structure";
– "Variable organization";
– "Limitations on the number of characters".
The group of factors that describe the selected CAT tool characterize the envi-

ronment in which the members of the localization team will work. A common feature 
for all CAT tools is that they allow to upload localization files in the original language, 
translate and edit text in a convenient interface, and at the output receive already for-
matted localization files in the target language. Most of these tools have the ability to 
connect translation memory and machine translation, distribute tasks between em-
ployees, track project progress, and allow to create and use dictionaries and glossaries.

The main differences between CAT tools are in tariff plans and functional fea-
tures, such as: version control systems, automatic payment generation, project and 
participant statistics, etc.

The group of factors "Localization file structure" is determined by the developer. 
It is proposed to divide this group into the following subgroups of factors: distribu-
tion of TUs by files, quality of description of individual TUs.
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Factors affecting the complexity 
of computer game localization work

Technical factors Customer-defined 
factors

Factors due to volume 
and content limitations

Selected 
CAT toolkit

Localization 
file structure

Variable 
organization

Character 
limits

Volume of data 
for localization

Text 
complexity

Translators' 
familiarity with 
the subject area

Translators' 
experience

Completeness 
of translation 

memory

Unit substitution 
and formatting

Language 
pair

Localization 
level

Glossary 
availability

Translation quality 
requirements

Use of machine 
translation

Fig. 4.3 Classification scheme of the main factors that influence the progress and results 
 of the assessment of the complexity of an IT project for video game localization

The subgroup of factors "Distribution of TUs by files" characterizes how exactly 
TUs are distributed by developers across the file system. This distribution can occur 
in one of three ways:

– all TUs are contained in a single localization file;
– TUs are distributed across a set of several files;
– TUs are stored in a folder tree, where each folder is responsible for a separate 

group of localization files, united by common features.
The quality of the description of individual TUs involves their meaningful naming. 

Such naming simplifies the translator's understanding of the context and simplifies 
finding the TU's place in an IT product (in particular, in a video game).

If the localization files are organized as a tree, it is possible to determine the pur-
pose of each TU group. Each TU has a key by which it is stored and inserted into the 
IT  product. If the keys have meaningful names, the localization team can automati-
cally distribute TUs to localization files. This will allow each employee to be respon-
sible for translating files containing related TU groups. In addition, such a structure 
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allows to quickly understand the context of the TU being translated and, if necessary, 
find the desired TU in the IT product.

The subgroup of factors "Variable organization" characterizes the quality of 
variable naming and the number of these variables. This affects readability and un-
derstanding of the context. A large number of variables in a TU negatively affects 
its readability, as does their meaningless naming. High-quality organization of vari-
ables allows to better understand the context in which the TU is used, simplifies 
the coordination of words in a sentence, and increases its readability by translators 
and editors.

The subgroup of factors "Character Limits" characterizes the correspondence 
of the size of the translated content to the interface element in which it needs to be 
placed. First of all, the restriction is imposed on those TUs that are used to describe 
user interface elements. This achieves the correctness of the display of interface el-
ements and texts. However, such coordination complicates the localization process 
by the need to fit the translated text into a limited set of characters. This may require 
the use of synonyms, alternative forms, abbreviations, but should not affect the con-
tent embedded in the TU.

The class of factors established by the customer proposes to include a set 
of restrictions that guide the localization process of an IT product and are deter-
mined by the customer. This set is proposed to be divided into the following groups  
of factors:

– "Language pair";
– "Localization level";
– "Localization quality requirements";
– "Permission to use machine translation";
– "Glossary availability".
The group of factors "Language pair" characterizes the pair of languages with 

which the translator works, namely: the original language and the target language. 
The analysis showed that today for most software products that are localized, the 
original language is English, however, in some cases the original language may be dif-
ferent. The localization process can be complicated depending on the language pair, 
namely the features of the target language and the original language, which differ. 
Such features may include:

– belonging of a pair of languages to different groups that determine the way 
words are formed in the language (agglutinative, inflectional or root languages);

– differences in the agreement of parts of a sentence depending on the gender 
and number of the noun;

– direction of writing the text, etc.
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The group of factors "Localization level" characterizes the type of content that 
will be localized. In total, it is proposed to consider four levels of localization of video 
games, the choice of which depends on the volume of content to be localized [23].

The first level of localization involves the availability of the product in the local 
market in its original form. With the advent of digital distribution platforms such as 
Steam, Xbox, etc., the distribution of games has become much easier and does not 
require additional costs for delivering physical media to stores.

The second level of localization involves the localization of the game packaging 
(in the case of digital media – the store page) and documentation, but not the game 
content itself.

The third level of localization involves full text localization of the game, but not 
the sound. In this case, the interface and subtitles of the game must be fully localized.

The fourth level of localization involves full localization of the game, which in-
cludes text localization, localization of sound, graphical elements of the game, local-
ization of documentation and other additional materials.

Thus, the first level of localization does not require translation, the second and 
third levels affect the amount of data for localization, which depends on the size of 
the project team. However, if the localization level is defined as the fourth, then the 
localization project team is joined by voiceover specialists (voiceover team), which 
will require additional interaction and cooperation with this team.

This study proposes to focus on the third localization level.
The group of factors "Localization quality requirements" is determined by the 

customer and depends on the budget and time allocated to the IT localization project. 
Depending on these requirements, such factors characterize the features of testing 
and elements of the software product that must be tested. Thus, testing of local-
ization results can include both individual game elements and the game as a whole.  
In addition, if additional resources are available, additional stages of localization 
testing and text verification (so-called proofreading) can be carried out. Depending 
on the availability of human resources, testing of localization results can be car-
ried out by the localization team, customer employees, or third-party contractors.

The group of factors "Permission to use machine translation" can be determined 
depending on the requirements set by the customer. Using machine translation can 
significantly speed up the translation process, but it increases the number of errors 
in it, because machine translation tools cannot yet understand the context, unlike 
humans. Thus, a text translated by machine translation will require additional at-
tention during editing. Because of this, most often, machine translation is used by 
translators to speed up the translation in the following form: a quick translation 
of a  separate TU is performed by machine translation, immediately after which  
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the TU  is edited by the translator in order to correct errors, agree on proper names, 
take into account the character limit, etc.

The group of factors "Glossary availability" characterizes a document containing 
a list of terms and proper names that occur in the game, their transcription and expla-
nations. The glossary should be translated before the localization files are translated. 
The glossary can be formed as follows:

– provided by the localization customer, since it is enough to form it only once in 
the original language, after which it can be provided to all localization teams;

– formed (developed) by the localization team "from scratch", which will require 
additional time.

The class of factors caused by volume and content restrictions is proposed to include 
a set of restrictions that are linguistic in nature and depend on the content that needs 
to be translated. This set is proposed to be divided into the following groups of factors:

– "Volume of data for localization";
– "Text complexity";
– "Translators' familiarity with the subject area";
– "Experience of translators";
– "Completeness of translation memory";
– "Unit substitution and formatting".
The group of factors "Volume of data for localization" consists of one indicator 

with the same name. This indicator is the main indicator that characterizes the re-
quired amount of work that needs to be done. On its basis, it is proposed to assess the 
time that will be spent on the implementation of a video game localization project. 
Most often, this indicator is measured in the number of words, but can also be mea-
sured in the number of TUs or characters.

The group of factors "Text complexity" shows how specialized the text being 
translated is. If the text contains a lot of technical terms or specialized vocabulary, 
localization may require finding or creating equivalents for these terms in the target 
language. For this, special industry dictionaries can be used or specialists working in 
a related field can be involved for additional consultations.

In video games, most often, the complexity of the text is associated with the liter-
ary features of the genre. Games set in the Middle Ages are characterized by the use 
of archaisms, historicisms, and archaic languages. Games set in fictional worlds are 
characterized by references to the original sources of the genre (if any) and the use 
of the appropriate terminology base.

The group of factors "Translators' familiarity with the subject area" in the case of 
video games characterizes:

– familiarity with the game itself or with the genres to which the game belongs;
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– level of understanding of the context and plot of the game, which affects the 
understanding of the terminology and context of the terms used in the game;

– assessment of different translation options;
– course and result of choosing the translation option that best matches the orig-

inal, helping to preserve the authenticity and atmosphere of the original.
Some games use special game systems (for example, such as Dungeon & Dragons). 

In such cases, it is necessary to coordinate the terminology with the localized original 
source (if the latter is available).

The group of factors "Translators' experience" characterizes the impact on the 
technical understanding of localization aspects and the speed of decision-making by 
the translator. Experienced translators who have knowledge of the gaming indus-
try, its terminology, trends and features can better understand the context of the 
game and provide higher-quality localization. At the same time, the ability to work 
with CAT tools and effective management of their own resources can speed up the 
localization process. The group of factors "Completeness of translation memory" 
characterizes the impact on localization of previously acquired experience. Transla-
tion memory is a database containing a set of previously translated texts. It allows 
the user of the CAT tool to substitute a translation from memory when the current 
translation unit matches a previously translated one and, if necessary, refine it. The 
fullness of the translation memory significantly speeds up the localization process. 
Translation memory is filled by translators during the translation process of the 
game, but it can be transferred from previous localization projects that were car-
ried out by the team. Such a transfer is useful for accelerating the translation of 
terms that are common to many games, but it is even more useful when transferring 
between games belonging to the same genre, since the terminological bases of such 
games overlap.

The group of factors "Replacement and formatting of units of measurement" 
characterizes the possibility or necessity of switching from one system of measure-
ments to another (for example, from the metric system to systems of measurements 
based on the English system and vice versa). Such a transition includes formatting 
of measures of weight, length, as well as monetary units, date and time format, etc. 
Such formatting may include making changes to the text that is directly related to the 
units of measurement.

The proposed system for classifying factors that affect the progress and re-
sults of assessing the complexity of an IT project for video game localization al-
lowed to establish the main factors that should be taken into account when de-
veloping a method for assessing the complexity of an IT project for video game  
localization.
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4.4.2 � Results of determining the content of the stages and activities of 
the  method for assessing the complexity of an IT project for video 
game localization

The developed method for assessing the complexity of an IT project for  
video game localization is proposed to be presented as a sequence of the follow-
ing  stages:

– Stage 1: preliminary data preparation;
– Stage 2: assessment of the complexity of translating TUs contained in the lo-

calization files;
– Stage 3: obtaining the predicted duration of translating localization files;
– Stage 4: calculation of the total predicted duration of the project).
In accordance with the provisions of PMBOK [24], each stage of the developed 

method was divided into separate activities as follows:
Stage 1:
– Activity 1 "Preliminary preparation of data for further processing".
Stage 2:
– Activity 2 "Determination of TU similarity";
– Activity 3 "Assessing the complexity of the TU translation and calculating the 

complexity of the localization file".
Stage 3:
– Activity 4 "Calculating the baseline predicted translation speed of the localiza-

tion file";
– Activity 5 "Calculating the baseline predicted translation duration of the local-

ization file";
– Activity 6 "Determining the ITSC";
– Activity 7 "Calculating the individual predicted translation speed of the local-

ization file";
– Activity 8 "Calculating the individual predicted translation duration of the lo-

calization files".
Stage 4: "Calculating the overall predicted duration of the project":
– Activity 9 "Calculating the overall predicted duration of the translation work";
– Activity 10 "Calculating the overall predicted duration of the editing";
– Activity 11 "Calculating the predicted duration of the IT project";
– Activity 12 "Calculating the average translation speed".
The activities are defined as follows:
1. Activity 1 "Preparation of data for further processing" consists in analyzing the 

input data and bringing it into a form convenient for further processing.
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The input data of Activity 1 are provided in the form of localization files received 
by the technical specialist from the customer or from the program itself.

Pre-preparation of data involves structuring the TU (if this has not been done) 
and bringing the localization files to the sizes determined by the experts (members 
of the localization team) convenient for further processing.

The result of Activity 1 is structured localization files prepared for further 
processing.

2. Activity 2 "Determination of TU similarity" consists in determining the simi-
larity of sets of words included in different TUs using the Jaccard measure.

The input data set for Activity 2 is the result of Activity 1.
The Jaccard measure (coefficient) J A B,� � is calculated using the formula

J A B
A B
A B

,� � � ∩
∪

,	 (4.2)

where A – the set of words included in the first TU being compared; B – the set of 
words included in the second TU being compared.

The second TU is considered similar to the first if the Jaccard coefficient value 
exceeds 0.69. Then the same score will be applied to the second TU as for the first. 
This Jaccard coefficient value was obtained as a result of a study of the Crowdin 
CAT system settings [20].

The result of Activity 2 is a set of TUs that require further assessment.
3. Activity 3 "TU translation complexity assessment and localization file com-

plexity calculation" consists in assessing the translation complexity of each unique 
TU  included in the localization file. Based on the assessment results, the file com-
plexity score and the predicted translation time are calculated.

The input data set for Activity 3 is the results of Activity 2.
The assessment of the complexity of the TU translation is proposed to be carried 

out by an expert on a nine-point scale. Possible assessments of complexity on this 
scale and their explanations are given in Table 4.3.

The localization file complexity assessment gradef is proposed to be presented as 
a weighted average assessment of all elements included in the file and determined 
by the formula
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where gradei – the expert assessment of the complexity of the i-th TU; ni – the size 
of the i-th TU (number of words); m – the number of TUs in the localization file.

The result of the execution of Activity 3 is a set of localization file complexity 
assessments.

Table 4.3 Developed scale for assessing the complexity of the translation of 
translation  units

Difficulty 
group

Common 
features

Expert as-
sessment Excellent signs

TUs of 
low com-

plexity

Translation of 
the TU does 
not require 

searching for 
additional 

information

1 Variables do not complicate the understanding of 
the TU, there is no need to adapt the text

2 Variables make it somewhat difficult to understand 
the TU, there is no need to adapt the text

3 Variables make it somewhat difficult to understand 
the TU, there is a need to adapt the text

TUs of 
medium 

complex-
ity

In the TU, 
there are terms 

that require 
clarification, or 
non-standard 

lexical and 
grammatical 

constructions

4 Variables make it somewhat difficult to understand 
the TU, there is no need to adapt the text

5 Variables to some extent complicate the un
derstanding of the TU, there is no need to adapt 
the text

6 Variables greatly complicate the understanding of 
the TU, there is a need to adapt the text

TUs of 
high com-

plexity

In the TU, there 
are terms that 

need to be 
clarified, and 
non-standard 

lexical and 
grammatical 

constructions

7 Variables make it somewhat difficult to understand 
the TU, there is no need to adapt the text

8 Variables to some extent complicate the un
derstanding of the TU, there is no need to adapt 
the text

9 Variables greatly complicate the understanding of 
the TU, there is a need to adapt the text

4. Activity 4 "Calculation of the basic predicted translation speed of the localiza-
tion file" consists in calculating the basic predicted translation speed of the local-
ization file vf .

The input data set for Activity  4 is the results of Activity  3 and data on the 
size  (number of words) of the assessed localization files.

According to [18], a translator can process 500 words per hour in the case of 
the simplest texts and 200 words per hour in the case of the most complex texts.  
For texts of average complexity, this indicator is 300 words per hour [16–19].

To establish the dependence of translation speed on the assessment of the com-
plexity of the translation of the text, it was proposed to build a special model.
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According to the developed scale for assessment (Table 4.3), it was established 
that the expert assessment of translation complexity 1 corresponds to a speed of 
500 words per hour, the assessment of 5–300 words per hour, and the assessment of 
9–200 words per hour. Thus, when the value of the function argument is 1, the func-
tion value is 500, when the value of the function argument is 5 – the function value 
is 300, and when the value of the function argument is 9 – the function value is 200.

Given the nonlinear nature of the relationship between the assessment of com-
plexity and translation speed, the method of function approximation was used and it 
was established that this function is a branch of a hyperbola, which is located in the 
first quarter of the Cartesian coordinate system. Since the difficulty scores range 
from 1 to 9, the graph of the function is limited to the range [1,…,9] along the x-axis. 
Based on these data, a system of equations was developed to determine the parame-
ters of the hyperbola passing through the specified points. This system of equations 
has the form:
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The system of equations (4.4) has the following solution: a  =  4800, h  =  –7, 
k = –1000. Therefore, the basic predicted translation speed of the localization file vf 
is proposed to be determined by the formula

v
gradef
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�
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���

4800

7
100.	 (4.5)

The result of Activity 4 is the set of calculated basic predicted translation speeds 
of the localization files.

5. Activity 5 "Calculation of the basic predicted translation duration of the lo-
calization file" consists in calculating the basic predicted translation duration of the 
localization file tf .

The input data for Activity 5 are the result of Activity 4 and the size (number of 
words) of the localization files.

The calculation of the basic predicted translation duration tf is carried out by  
the formula
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t
n

vf
f

f

= ,	 (4.6)

where nf – the number of words in the localization file.
The result of Activity 5 is the set of calculated basic predicted translation dura-

tions of the localization files.
6. Activity 6 "Determining the ITSC" consists of comparing the predicted trans-

lation duration value with the actual translation duration value of the data sample, 
which will allow to adjust further estimates of the translation duration of the local-
ization files.

The input data for Activity 6 are sets of values of the actual and predicted trans-
lation duration of the test data sets.

The ITSC for a localization file lf x y( , )
 is defined as the ratio

l
t

tf
f

f
x y

est

real

( , )
= ,	 (4.7)

where tfest  – the predicted translation duration of the localization file; tfreal  – the actual 
translation duration of the localization file; x – the translator performing the transla-
tion; y – the expert performing the assessment.

The ITSC for pairs "translator-expert" l x y( , ) is calculated by the formula
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where li x y( , )
 – the ITSC value of the localization file obtained for the i-th pair of "trans-

lator-expert"; t – the number of localization files included in the test data set.
This calculation method is due to the fact that in different projects for the same 

pair of "translator-expert" who assess the TU complexity, knowledge in the subject 
area may differ. In addition, it reduces the amount of additional work performed, 
since the test sample is already part of the localization files of the project.

The result of Activity  6 is a set of calculated ITSC for each pair of "transla-
tor-expert".

7. Activity 7 "Calculation of individual predicted translation speed of a localiza-
tion file" consists in calculating individual coefficients of predicted translation speeds 
of localization files.

The input data for Activity 7 are the results of Activity 4 and Activity 6.



151

Method for assessing the complexity of an IT project for video game localizationChapter 4

The individual predicted translation speed vf
* is determined by the formula

v l vf test f
* � � ,	 (4.9)

where ltest – the ITSC of the test data set.
The output of Activity 7 is a set of calculated individual predicted translation 

speeds for localization files.
8. Activity 8 "Calculation of individual predicted translation duration for local-

ization files" consists in calculating the values of individual predicted translation 
durations for localization files, taking into account the difference in domain knowl-
edge and experience of the translator and the expert who assesses the complexity 
of the translation.

The input data for Activity 8 are the sizes (number of words) of localization files 
and the results of Activity 7.

The individual predicted translation duration tf
* is calculated by the formula

t
n

vf
f

f

*
*

= ,	 (4.10)

where nf – the number of words in the localization file.
The output of Activity 8 is a set of values for the calculated individual predicted 

translation times for localization files.
9. Activity 9 "Calculate the total predicted translation time" consists of calculat-

ing the sum of the translation times for the localization files into which the input data 
set was divided.

The input data for this activity are the glossary translation time and the results 
of Activity 8.

The total predicted translation time ttranslation is determined by the formula

t t ttranslation glossary f
i

b

j

q

ij
� �

��
�� *

11

,	 (4.11)

where tglossary – duration of glossary translation; tfij
*  – duration of translation of one  

i-th localization file in the j-th category; b – number of localization files into which 
the j-th category is divided; q – number of categories into which the localization files 
are divided.

The result of Activity 9 is the calculated total predicted duration of work on the 
translation of the text provided for by the IT project for video game localization.
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10. Activity 10 "Calculation of the total predicted duration of editing" consists 
in calculating the total predicted duration of editing in the IT project for video 
game localization.

The input data for Activity 10 is the result of Activity 9.
The total predicted duration of editing is determined by the formula [16–18]

t tediting translation� �0 5. .	 (4.12)

The result of Activity 10 is the total predicted duration of work on editing all the 
text provided for by the IT project for video game localization.

11. Activity 11 "Calculation of the projected duration of the IT project" con-
sists of calculating the projected duration of the IT project for video game local-
ization ttotal.

The input data for Activity  11 are the results of Activities  9 and Activity  10,  
as well as the time allocated by the customer for testing the game localization.

The projected duration of the IT project for video game localization ttotal is deter-
mined by the formula

t t t ttotal translation editing testing� � � ,	 (4.13)

where ttesting – the duration of localization testing.
The duration of localization testing is determined by the resources allocated by 

the customer and can be assessed by the localization team, development staff, or an 
external contractor.

The output of Activity  11 is the calculated projected duration of the entire 
IT  project for video game localization.

12. Activity 12 "Calculation of the average translation speed" consists of calcu-
lating the average translation speed within the entire game localization project vavg. 
The average translation speed in an IT project for video game localization can be 
used for further application in a word-based method to calculate the duration of 
other localization projects.

The input data for Activity 12 is the total volume of translated text and its trans-
lation duration.

The average translation speed vavg is calculated using the formula

v
n

tavg
total

translation

= ,	 (4.14)

where ntotal – the number of words in the video game text for translation.
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The result of Activity 12 is the value of the average translation speed within the 
IT project for video game localization.

The developed method takes into account the following factors that affect the 
complexity of video game localization work:

– "Localization file structure";
– "Variable organization method";
– "Language pair";
– "Translation quality requirements";
– "Volume of data for localization";
– "Text complexity";
– "Translators' familiarity with the subject area";
– "Translators' experience".

4.5  Experimental verification of the obtained results

Based on the proposals of Section 4.3, the experimental verification was divided 
into two stages: main and additional.

The IT project for video game localization "Don't Starve Together"  [25] was 
selected for the main stage. At the same time, as indicated in Section 4.3, it is pro-
posed to use the following indicators:

– absolute localization duration;
– relative error of localization duration prediction;
– relative average error of localization file translation duration.
The localization files for both stages were obtained directly from the game files. 

Thus, in the game "Don't Starve Together", each available language corresponds to 
a  single localization file containing all TUs in this language. 

An example of a TU from a localization file in the original language is shown 
in  Fig. 4.4.

The TU shown in Fig. 4.4 consists of several parts that have a certain meaning:
– keys (lines starting with "#."), which are unique identifiers needed to substitute 

values into the game interface;
– the TU context (lines starting with "msgctxt") indicates the context (application 

element) to which the string belongs;
– the original string (lines starting with "msgid") in English, which needs to be 

translated;
– the translation string (lines starting with "msgstr"), into which the text in the 

target language is placed.
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Fig. 4.4 Example of a Translation Unit in the original language from the "Don't Starve 
Together" game

In the case under consideration, the values of the keys coincide with the values of 
the context. This limits the context provided, but it is sufficient to understand which 
element of the game is being translated. The approach, in which the translation does 
not replace the original text, but duplicates it, increases the size of the localization 
file, but increases reliability (if the translation is missing, the value in the original lan-
guage will be substituted).

During the execution of Activity 1, it was established that in the selected game, 
each available language corresponds to one localization file, which contains all TUs 
in this language. This file contains 72049 TUs with a total length of 515500 words. 
TUs contain meaningful key names, so they were automatically distributed among 
113 localization files, each of which represents a certain subcategory. It was decided 
to reduce the amount of data for testing the developed method. 29 localization files 
were selected and it was decided to do only the translation without editing and 
testing. These files contain 2348 TUs with a total length of 18348 words (3.5% of  
the total number of words in the game). The localization files did not contain a sep-
arate glossary, so it was generated during the translation of the localization files 
using CAT tools.

During the execution of Activity  2, it was found that among the 2348  TUs 
there are 2200 unique TUs with a total length of 17815 words. The Jaccard coeffi-
cient (4.2) was used to determine the similarity of TUs.

Examples of the results of Activity 1 and Activity 2 are given in Table 4.4.
During Activity 3, an expert assessment of the translation complexity of TUs in-

cluded in the localization files was conducted.
During the experimental test, the speed of expert assessment was measured. This 

speed ranges from 80 words per minute to 110 words per minute. This indicator may 
vary depending on the level of familiarity of the expert with the subject area. During 
the work on assessing the translation complexity of TUs, the expert's familiarity with 
the subject area increases. It is expected that the assessment speed will increase 
with the increase in the level of familiarity of the expert with the subject area.

As a result of Activity 3, according to formula (4.3), weighted average estimates 
of the complexity of the specified localization files were obtained.
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Table 4.4 Characteristics of localization files

Name of file Quantity of TUs Quantity of words Average size of TU

boarlord 65 377 5.8

carnival_crowkid 75 555 7.4

carnival_host 35 351 11.2

character_aboutme 19 317 16.68

character_descriptions 22 380 17.27

Name of file Quantity of unique TUs Quantity of words in unique TUs

boarlord 64 375

carnival_crowkid 74 551

carnival_host 34 337

character_aboutme 19 317

character_descriptions 22 380

During Activity  4, according to formula (4.4), the basic predicted translation 
speeds of localization files were determined.

During Activity 5, the baseline predicted translation time for each of the consid-
ered localization files was determined according to formula (4.5).

During Activity 6, the translation time for a test sample of 5 localization files 
with a total length of 1980 words was generated, translated, and measured. A com
parison of the baseline predicted and actual translation times for these files is given 
in Table 4.5.

Table 4.5 Localization file characteristics

Name of file Quantity of 
words

Basic predicted translation 
duration, min

Actual translation 
duration, min

boarlord 377 61 40

carnival_crowkid 555 92 47

carnival_host 351 55 36

character_aboutme 317 56 37

character_descriptions 380 72 49

After comparing the predicted and actual translation times of the localization 
files, the ITSC for long strings (2.5 words and more) was set to l(x,y) = 1.5. Given that 
files with a short average string length (less than 2.5 words) account for 806 words 
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out of a total of 17.815 words, it was decided not to calculate the ITSC for short 
strings using a separate test sample. Experimentally, during translation, the ITSC  
for short strings was found to be l(x,y) = 0.8.

During Activities  7 and 8, individual predicted translation speeds and times 
were calculated and adjusted for a specific translator. In this study, one person acted 
as both the expert and the translator during the experimental validation. Therefore, 
the ITSC obtained as a result of Activity 6 is higher than that which can be obtained 
in a real project. The reason for this is that at the beginning of the translation work, 
the translator, who is also an expert, is already familiar with the text.

Examples of the results of Activities 4–8 are given in Table 4.6. In addition to 
the basic predicted translation speed and duration and the individual predicted 
translation speed and duration, which are calculated using the developed method,  
Table 4.6 contains the actual indicators of translation speed and duration.

The individual predicted translation speed, according to  [18], ranges from  
200–500 words per hour. It was experimentally established that the real translation 
speed is higher than that suggested by the source [18]. The reasons for this may be:

– experience of translators;
– familiarity of translators with the subject area;
– peculiarities of video game translation as a type of software;
– peculiarities of the text being translated.

Table 4.6 Predicted and actual translation speed and duration

Name of file Basic predicted speed of 
translation, words/min

Basic predicted 
translation dura-

tion, min

Individual predicted 
speed of translation, 

words/min

boarlord 367 61 550.5

carnival_crowkid 358 92 537

carnival_host 343 55 514.5

character_aboutme 319 56 478.5

character_descriptions 300 72 450

Name of file Individual predicted 
translation duration, min

Real translation 
speed, words/min

Real translation 
duration, min

boarlord 41.09 565.5 40

carnival_crowkid 62.01 708.51 47

carnival_host 40.93 585 36

character_aboutme 39.75 514.05 37

character_descriptions 50.67 465.31 49
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During the execution of Activity 9, the translation duration in the video game 
localization project was calculated. Since the glossary was generated and trans-
lated during the translation of the localization files, the translation time of the 
glossary was included in the translation time of the localization files. The pre
dicted translation duration, which was calculated using formula (4.10), was 
32 hours 57 minutes.

The video game localization IT project was limited to the translation of the local-
ization files only. As a result, the editing time for Activity 10 is zero.

The testing time is determined by the customer, in this experiment it is also zero. 
Therefore, the predicted duration of the IT project for video game localization, cal-
culated during the execution of Activity 11, is equal to the translation time, namely 
32 hours 57 minutes.

The actual translation duration was 26 hours 26 minutes. Thus, the predicted 
translation duration exceeded the actual duration by 24.7%. The average predicted 
translation speed for the project, which was calculated during the execution of Activ-
ity 12, was 556.6 words per hour.

During the additional stage of the experimental verification, the effectiveness 
of using the ITSC obtained during the main stage in another video game localization 
project was tested.

The game "Sid Meier's Civilization® VI" was selected for localization and 
the ITSC obtained when using the developed method in the IT project for the 
localization of the game "Don't Starve Together" was taken. Games belonging to 
different genres were chosen for comparison in order to minimize the overlap  
of glossaries.

Unlike the video game "Don't Starve Together", the localization files of the game 
"Sid Meier's Civilization® VI" contain only a text string and a key, which is used to 
perform text substitution in the application.

When translating a localization file, the text in the original language is replaced 
with the text in the target language.

The localization files considered in the additional stage of experimental ver-
ification were obtained directly from the game in its original form. They were not 
changed during data preprocessing because the file organization proposed by the 
developer meets the requirements of the developed method. The number of words 
in the localization files was 6287.

The characteristics of the localization files are given in Table 4.7.
As in the main stage, the complexity of the selected localization files was as-

sessed. As a result of the assessment, the basic predicted translation speed and du-
ration were determined.
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Table 4.7 Characteristics of the localization files of the video game "Sid Meier's 
Civilization® VI"

File name Number of 
translation units

Number of 
words

Average size of 
translation units

Buildings_Text 59 1429 24.2

Combat_Text 75 703 9.4

CityStatePicker_FrontEndText 93 1646 17.7

DiplomacyPanel_Text 75 425 5.7

DiplomacyNotifications_Text 66 313 4.7

DiplomacyModifiers_Text 120 884 7.4

DiplomacyDeals_Text 136 887 6.5

ITSC l(x,y) was set to 1.5. This value was obtained at the main stage of experimental 
verification. Since the average TU lengths in the considered localization files are long, 
the corresponding ITSC value was selected.

Based on the obtained indicators of the basic predicted translation duration 
and  ITSC, individual predicted translation speeds and durations were calculated.

The results of comparing the predicted values of translation speeds and dura-
tions with the real values for these localization files are given in Table 4.8.

Table 4.8 Results of comparing the predicted and real values of translation speeds and 
durations (additional stage)

File name

Basic 
predicted 
speed of 

translation, 
words/min

Basic 
predicted 

translation 
duration, 

min

Individual 
predicted 
speed of 

translation, 
words/min

Individual 
predicted 

translation 
duration, 

min

Real 
translation 

speed, 
words/min

Real 
transla-
tion du-
ration, 

min

Buildings_Text 376 228 564 152.02 489.94 175

Combat_Text 341 123 511.5 82.46 602.57 70

CityStatePicker_
Front-EndText

361 273 541.5 182.38 637.16 155

DiplomacyPanel_ 
Text

338 75 507 50.30 520.41 49

DiplomacyNoti
fications_Text

415 45 622.5 30.17 722.31 26

DiplomacyModi
fiers_Text

408 130 612 86.67 964.36 55

DiplomacyDeals_
Text

409 128 613.5 86.75 782.65 68
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The predicted translation duration was 11 hours 11 minutes. The actual transla-
tion duration was 9 hours 57 minutes.

The predicted translation duration for the video game "Sid Meier's Civilization® VI",  
calculated using the ITSC obtained during the localization of the video game "Don't 
Starve Together", differs from the actual one by 12.1%. This deviation is less than that 
obtained for the game "Don't Starve Together" (24.7%).

Transferring ITSC from one IT localization project to another showed higher effi-
ciency than in the original IT localization project for which the coefficient was calcu-
lated. This may be due to the following reasons:

– the peculiarities of working with the text of a particular game have become 
apparent;

– the sample on which the study was conducted is not large enough.
When loading localization files into the CAT tool and further processing them,  

it was found that the Crowdin CAT tool splits TUs stored in the ".xml" format (which 
contains the localization files for the game "Sid Meier's Civilization® VI") by sen
tences. If a translation unit consists of two sentences, then it is represented by the 
CAT tool as two separate TUs.

Splitting TUs by sentences speeds up the translation process of localization files. 
In the case when the level of similarity of TUs is low, the similarity of the sentences 
included in them may be greater. Such similarity expands the possibilities of using 
translation memory. However, such a division of TUs makes it difficult for the trans-
lator to understand the context, as he/she has to check the agreement of sentence 
parts not in a single TU containing several sentences, but in several TUs, each of 
which contains only one sentence.

An alternative reason for obtaining such results may be coincidence caused by an 
insufficient amount of test data.

In the experiments considered, the ITSC value is 1.5 for localization files with 
long lines.

In both experiments, this phenomenon requires further research with an increase 
in the number of games on which the study is conducted and the amount of text data.

4.6 � Discussion of the results of the development of a method for assessing 
the complexity of an IT project for video game localization

The existing methodology for assessing the duration of an IT project for video 
game localization, based on the number of words, did not take into account the in-
fluence of a significant number of factors on this project. Therefore, a study was 
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conducted to identify and classify the main factors that affect the duration of such 
IT projects. The result of this study is a proposed classification system for the main 
factors that affect the IT project for video game localization, and the definition of the 
main groups of factors that make up the selected classes of factors.

Taking into account the proposed classification system for the main factors,  
a method for assessing the complexity of an IT project for video game localization 
was developed. The developed method consists of four stages, the implementa-
tion of which will allow calculating the predicted duration of an IT project for video 
game localization.

Unlike the existing methodology, the developed method takes into account the 
factors that affect the complexity of video game localization work, namely:

– "Localization file structure";
– "Method of organizing variables";
– "Language pair";
– "Translation quality requirements";
– "Volume of data for localization";
– "Text complexity";
– "Translators' familiarity with the subject area";
– "Translators' experience".
During the experimental testing, the developed method was compared with the 

existing method in the following options:
a) in the existing method, the total number of words was selected as the num-

ber of words, taking into account repeated TUs and variables, and as the translation 
speed, the speed recommended by sources [17–19] (300 words per hour);

b) in the existing method, the total number of words was selected as the num-
ber of words, taking into account repeated TUs and variables, and as the translation 
speed, the average translation speed obtained within the same project.

Comparison according to option (a) allows to verify or refute the statement that 
the developed method is more effective than the existing method.

Comparison according to option (b) allows to investigate the possibility of using 
the calculated average translation speed obtained as a result of using the method in 
further calculations of forecasting the duration of operations. In this case, the devel-
oped method can be used at the beginning of an IT project, when there is insufficient 
data to calculate the duration of translation. Then, after translating a certain number 
of localization files, the average translation speed obtained within the framework of 
a video game localization project can be used to predict the duration of translation 
of localization files. Further forecasting the duration of operations in an IT localiza-
tion project based on the average translation speed will simplify the calculation of 
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the predicted duration of translation and will eliminate the need to use resources to 
assess the complexity of the TU translation.

For comparison, it is proposed to use the relative average error of the predicted 
translation duration [26]. Localization files have different sizes, so a relative, not an 
absolute value, was chosen for comparison.

For graphical visualization of the comparison results, it is proposed to use the 
relative error of the translation duration prediction and the square of the relative 
error of the translation duration prediction.

The absolute error of the translation duration of the localization file Dt is calcu-
lated by the formula

� � �t t test real,	 (4.15)

where test – the predicted file translation duration; treal – the actual file translation 
duration.

The relative error of the localization file translation duration δt is calculated  
by the formula

� t
t

treal
�
�

.	 (4.16)

The relative average error of the translation duration µ  is calculated by the 
formula

� ��
�
�1

1q
ti

i

q

,	 (4.17)

where δti – the relative error of the translation duration of the i-th localization file; 
q – the number of localization files.

The results of the comparison of the errors of the developed method and existing 
methods for the localization files mentioned in Tables 4.4–4.6 are given in Table 4.9.

The results of the graphical comparison of relative errors and their squares for 
both options are presented in Fig. 4.5 and Fig. 4.6, respectively. These figures indi-
cate: orange – data from a real IT project; blue – data calculated using the developed 
method; cyan  – data calculated using the existing methodology according to op-
tion (a); green – data calculated using the existing methodology according to option (b).

The obtained data shows that the error in forecasting time costs calculated 
using the developed method is the smallest. In some cases, the results obtained  
using the developed method have a relative error of less than 10% (localization  
files actions_1, boarlord, character_aboutme, etc.). The accuracy of the developed 



162

Management of a modern IT company: theoretical and technological aspects

method is especially evident in the conditions of using localization files that con-
tain short TUs.

Table 4.9 Results of the comparison of the errors of the developed method and existing 
methods for examples of localization files

File name
Word count method (basic)

Dt δt δ2t

actions_1 –3.80 –0.1407 0.0198

boarlord 35.4 0.8850 0.7832

carnival_crowkid 64.00 1.3617 1.8542

carnival_host 34.20 0.9500 0.9025

character_aboutme 26.40 0.7135 0.5091

character_bios 293.80 1.2293 1.5112

character_descriptions 27.00 0.5510 0.3036

File name
Developed method

Dt δt δ2t

1 5 6 7

actions_1 0.02 0.0007 0.0000

boarlord 1.09 0.0272 0.0007

carnival_crowkid 15.01 0.3194 0.1020

carnival_host 4.93 0.1370 0.0188

character_aboutme 2.75 0.0743 0.0055

character_bios 69.87 0.2923 0.0855

character_descriptions 1.67 0.0340 0.0012

File name
Methodology based on word count (average translation speed)

Dt δt δ2t

actions_1 –13.8182 –0.5118 0.2619

boarlord 2.8409 0.0710 0.0050

carnival_crowkid 16.0682 0.3419 0.1169

carnival_host 3.8864 0.1080 0.0117

character_aboutme –0.9773 –0.0264 0.0007

character_bios 63.7273 0.2666 0.0711

character_descriptions –5.8182 –0.1187 0.0141
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Fig. 4.5 Results of comparison of relative errors
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Fig. 4.6 Results of comparison of squares of relative errors
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The results also showed that it is recommended to calculate the average trans-
lation speed for localization files with long and short TUs separately. This is due to 
the fact that the translation speed of short TUs is lower than the translation speed 
of long ones, and in video games, most TUs describe the game's scenario elements.

The total predicted translation duration was:
– using the developed method – 32 hours 57 minutes;
– using the existing methodology according to option (a) – 61 hours 9 minutes;
– using the existing methodology according to option (b) – 34 hours 44 minutes.
The calculated total relative average error was:
– using the developed method – 0.1639;
– using the existing methodology according to option (a) – 1.0661;
– using the existing methodology according to option (b) – 0.1739.
The actual translation duration was 26 hours 26 minutes.
The results of the predicted durations of the IT project for video game localiza-

tion were compared with the actual duration of the project. The relative error of 
the forecast duration of the IT project for video game localization μ is calculated by  
the formula

� �
�t t

t
total total

total

est real

real

,	 (4.18)

where ttotalest – the predicted duration of the localization file translation; ttotalreal – the 
actual duration of the localization file translation.

The results of comparing the accuracy of the forecasts of the duration of the 
IT  project for video game localization, obtained by both comparison options, with 
the actual results of the project duration are given in Table 4.10.

Table 4.10 Results of comparing the accuracy of the forecasts of the duration of the 
IT  project for video game localization and the actual duration of this IT project

Calculation method

Accuracy metrics for duration forecasting for an IT video 
game localization project

Absolute 
duration

Relative error of 
duration forecast

Relative average error 
of localization duration

Real translation duration 26 h 26 min – –

Developed method 32 h 57 min 0.24 0.1639

Existing methodology (option a)) 61 h 9 min 1.31 1.0661

Existing methodology (option b)) 34 h 44 min 0.31 0.1739
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Comparison of the obtained results showed that, in comparison with existing 
methods, the developed method for assessing the complexity of an IT project for 
video game localization showed the highest accuracy.

The main limitation of the developed method is the impossibility of its application 
in the case when the developer has not performed the distribution of TUs by local-
ization files and the TUs themselves do not have meaningful names, which makes it 
impossible to automate the distribution of TUs by the localization team. In this case, 
manual implementation of such distribution is possible, but such an approach is not 
advisable for the following reasons:

– complication of input data analysis;
– the need to involve an excessively large number of resources;
– potential ambiguity of TUs;
– impossibility of searching for TUs in the application.
The complication of input data analysis lies in the fact that without a clear struc-

ture of localization files or meaningful names, the process of determining categories 
and subcategories by which TUs should be distributed becomes difficult.

The need to involve an excessively large number of resources is expressed in the 
fact that each TU must be read by an expert and assigned to one of the specified cate-
gories or subcategories. This operation is impractical because it consumes too much 
time that could be used to perform other processes by a team member.

The potential ambiguity of a TU is expressed in the fact that a video game localization 
expert cannot always determine which subcategory a TU belongs to based solely on its 
content. In this case, it must assign the TU to a subcategory based on some assumptions.

The impossibility of finding a TU in the application is that if there are named 
TU  keys, localization team members can quickly and accurately determine the lo-
cation of this TU in the application, which is necessary for verification and testing.

In the case where there are no named keys and the structuring is done by the 
developer, localization team members can only make assumptions about the location 
of the TU in the application based on its content.

Another limitation of this method is that it is intended for third-level localization. 
The amount of content localized at the first and second levels of localization is lim
ited to several thousand words, so the use of the developed method is redundant. 
The fourth level of localization includes both text localization and the work of the 
voice-over team, the assessment of which is not provided for in the method.

The main disadvantage of the considered method is the need to assess the 
complexity of each TU. Such an assessment requires additional time and human re
sources, but allows to increase the accuracy of forecasts of the duration of opera-
tions in an IT project for video game localization.
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The use of machine learning and natural language processing methods for as-
sessing the complexity of TU translation is considered as the main vector for further 
development of the method.

The use of such tools will allow to get rid of the main disadvantage of the devel-
oped method – the time spent by experts on assessing the complexity of TU trans-
lation. In addition, it is expected to reduce ITSC fluctuations for different pairs of 
"expert-translator", since the assessment will be carried out by the same expert.

4.7  Conclusions

A new method for assessing the complexity of video game localization IT projects 
has been developed, which takes into account a larger number of complexity factors 
than the existing method based on the number of words. The developed method takes 
into account not only the number of words, but also other factors that affect the du-
ration of localization. It is effective even in the absence of retrospective data on the 
speed of translation, which is an important advantage for the initial phase of projects.

An experimental verification of the obtained result has been carried out. The 
course and results of the calculations confirm the possibility of using the developed 
method to assess the characteristics of video game localization IT projects. It has 
been proven that using the developed method allows to obtain estimates of the time 
spent on the implementation of an IT project from the third level of video game lo-
calization, which are more accurate than the estimates obtained using the existing 
method. The total predicted duration of the translation was:

– using the developed method – 32 hours 57 minutes;
– using the existing method according to option (a) – 61 hours 9 minutes;
– using the existing methodology according to option (b) – 34 hours 44 minutes.
The calculated total relative average error was:
– using the developed method – 0.1639;
– using the existing methodology according to option (a) – 1.0661;
– using the existing methodology according to option (b) – 0.1739.
The actual translation duration was 26 hours 26 minutes.
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Abstract
The object of the study is the process of change management in an IT project.
The study addressed the problem of quantitative assessment of changes that 

arise during the implementation of a long-term IT project. Existing common methods 
of change management do not allow for quantitative assessment of the main para
meters of changes. Modern research is mainly aimed at solving the problem of quan-
titative assessment and change management within the entire IT project. The issue 
of quantitative assessment of changes that arise in the process of work of individual 
teams of IT project performers remains practically unexplored.

In the course of the study, it was proposed to improve the existing method for 
quantitative assessment of changes, based on the Beckhard and Harris's model. 
To improve this method, it was decided to use a descriptor approach. An improved 
method was developed, which, unlike the existing one, allows for quantitative assess-
ment of changes based on the values of descriptors. These descriptors are formed in 
the process of performing sprints of a long-term IT project by its performers.

Based on the improved method, elements of information technology for auto-
mated solution of the problem of quantitative assessment of changes in the man-
agement system of a long-term IT project have been developed. A description of the 
architecture of information technology has been proposed, its technological stack 
has been defined, and the results of the development of software elements have 
been presented.

Experimental verification of the obtained research results was carried out 
within the framework of the long-term IT project "Web Constructor". The verifica-
tion was carried out on the results of the work of one team of project developers.  

Maksym Yevlanov
Nataliia Vasyltsova
Iryna Panforova
Anastasiia Popova

CHAPTER 5

The task of quantitative assessment of changes  
in the long-term IT project management system
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The calculation was based on data obtained during the team's execution of seven 
project sprints. The verification results showed that the predicted values of the 
indicators quite accurately coincide with the values of the time actually spent on 
implementing changes  (0.97 and 0.81 for the sixth and seventh sprints of the  
IT project, respectively).

Overall, the application of the improved method improved the change implemen-
tation rates during the IT project implementation and improved the team's attitude 
to the change management process by 14.5%. This allows to consider the improved 
method and implemented IT elements as a usable tool for change management of 
individual teams of IT project performers.

Keywords
IT project, change, Beckhard and Harris's model, least squares method, Huber 

method, descriptor, sprint.

5.1  Introduction

The last decades are characterized by the widespread use of long-term projects, 
the implementation period of which is three or more years. Such projects are typical 
for various branches of the IT sphere: development and implementation of informa-
tion technologies (IT), information systems (IS), IT infrastructure, scientific research 
in this field, etc. [1, 2].

Analysis of the characteristics of modern long-term IT projects allows to high-
light their main features [2]:

– complexity of description, caused by a large number of functions, processes, 
elements, data and connections between them;

– the presence of a set of closely interconnected subsystems, each of which has 
its own local goals and objectives;

– the need to integrate existing and re-developed applications;
– heterogeneity of individual groups of developers in terms of the level of classi-

fication and established traditions of using tools;
– a constant flow of changes in modern IS.
A significant number of changes in the implementation of such projects occur at 

the operational level of tasks, which makes high-quality change management at this 
level necessary. For example, poor quality of time-to-market time-variance assess-
ment of individual project operations can lead to project overruns, resource over-
strain, and unforeseen delays in product launch. On the contrary, systematic time-
to-market time-variance assessment allows project management to make informed 



172

Management of a modern IT company: theoretical and technological aspects

decisions regarding resource planning, task allocation, and priorities in the event of 
changes in project requirements or conditions. Implementing such an assessment 
as a separate functional task of the long-term IT project management system helps 
reduce the risks of project delays and ensures its successful completion within the 
established deadlines.

The modern point of view considers change management as one of the tasks 
of change management. The term "change management" should be understood as 
a  comprehensive, cyclical, and structured approach to changing individuals, groups, 
and organizations from their current state to a future state with expected business 
benefits [2, 3]. This approach is now described in the form of a framework – conven-
tions, principles and methods of change management in the field of program man-
agement, project portfolios and individual projects. But, unfortunately, the existing 
change management framework [3] and standards and body of knowledge on IT pro
ject management [2, 4] do not provide specific recommendations for the selection of 
change management methods and their implementation in IT project management 
systems. Therefore, conducting research on solving change management problems 
as elements of the IT project management system is relevant from a theoretical and 
applied point of view.

5.2 � Analysis of the approach and modern methods of project 
change  management

The general features of the implementation of processes, subprocesses and indi-
vidual works of the existing change management framework are determined by the 
change management life cycle adopted in [3]. According to this life cycle, each of the 
change management subprocesses is proposed to be considered as a set of individual 
works, each of which is performed in the order established by the framework  (but 
not necessarily strictly sequentially one after the other). The entire change man-
agement process and its subprocesses in [4] are proposed to be described using an 
iterative life cycle model, taking into account the possibility of constant occurrence 
of adaptive changes in response to changing circumstances. Such a representation 
of the change management life cycle allows minimizing the connections between 
individual subprocesses and works of the existing change management framework 
and considering them as separate independent objects of scientific research. At the 
technological level, this means the possibility of creating and using for automation of 
the corresponding subprocesses and works of individual IT, which interact with each 
other according to the service-oriented paradigm.
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Since the existing regulatory documents do not provide recommendations for 
choosing a specific change management method in an IT project, it was decided to 
consider the features of the change management methods that are considered the 
most common. These methods include [5]:

– Prosci ADKAR model [6, 7];
– the Accelerating Implementation Methodology (AIM) method [8, 9];
– Beckhard and Harris's model [10];
– Bridges Transition model [11];
– Kotter's 8-Step Change model [12];
– Kübler-Ross model [13];
– a method based on the Kurt Lewin model [14].
ADKAR is an abbreviation that represents five key stages necessary for the 

successful implementation of changes: "Awareness", "Desire", "Knowledge", "Abil-
ity", "Reinforcement" [7]. The Prosci ADKAR model was created by J. Hyatt in the 
late  1990s. This method offers a deep approach to change management, focused 
on personnel. It is assumed that in the process of implementing changes, it is nec-
essary to clearly explain to personnel the reasons for the changes and their impor-
tance, which contributes to the involvement of personnel in the process. Next, it is 
important to train each employee in the methods of implementing changes, which 
allows to show the level of their professional knowledge and skills in the process of 
introducing changes. The final stage involves consolidating the changes, ensuring the 
sustainability of innovations in the organization's activities [6].

The Prosci ADKAR method is part of a broader approach to change management 
developed by PROSCI. It is based on the method using the ADKAR model, but in-
cludes additional tools, methods and practices aimed at effectively implementing 
changes in the organization [7].

AIM is a powerful and disciplined method for managing organizational change, 
including transformational change, until the full return on investment. AIM can be 
applied to any type of initiative or project, but most organizations direct the main re-
sources and energy to the technical and business process components [8, 9]. One of 
the advantages of this method is the ability to systematically analyze and anticipate 
possible difficulties in the change process, which allows organizations to prepare and 
respond to them more effectively. However, AIM can require significant resources 
and time spent on using the method, and can also become difficult in the event of 
adverse circumstances or unforeseen events during the change implementation 
process [9]. The method, based on the Beckhard and Harris's model, provides five 
stages of change management aimed at identifying the need for change, developing 
a strategy for its implementation, forming an action plan and identifying responsible 
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executors. The main advantage of the method, based on the Beckhard and Harris's 
model, is a systematic approach to the change process, which allows to structure it 
and manage it effectively. Praxie has developed software applications for change 
management using a method based on the Beckhard and Harris's model and pro-
vides training [10, 11].

The method, based on the Bridges Transition model, enables organizations and 
individuals to better understand the human and organizational aspects of change 
and manage them effectively. The main advantage of this method is its focus on in-
ternal transition, which can provide a deeper and more sustainable change in the 
organizational environment. However, it may be less effective when it is necessary to 
respond quickly to external and unpredictable changes, as it focuses on the internal 
aspect of the transition [11].

The method, based on the Kotter's 8-Step Change model, is designed to increase 
staff involvement in change management and ensure its acceptance by all employees. 
The method includes the following eight stages [12]: "Creating the emotional need 
for change", "Building a coalition", "Building a vision", "Communicating the vision", 
"Implementing actions", "Formation of short-term achievements", "Consolidation of 
achievements", "Implementation of changes into the culture". Skipping one of these 
stages can lead to problems in making changes and complicate the change process.

The main advantage of the method is its systematic approach to change manage-
ment and emphasis on involving personnel in the process.

The following can be noted as disadvantages of the method based on the Kot-
ter's 8-Step Change model:

– implementation of all eight stages of the method may require significant effort 
and time, especially in large organizations or with a large scale of changes;

– the method focuses mainly on the organizational aspects of changes, leaving 
aside individual emotions and needs of employees;

– the method does not always take into account external influences, such as eco-
nomic or political factors, which may affect the success of changes.

The method, based on the Kübler-Ross model, describes the stages of personnel 
behavior change, including: personnel resistance to change, lack of awareness of the 
consequences of change, personnel adaptation to new working conditions, positive 
attitude of employees to change and their acceptance. This method is important for 
understanding and predicting personnel reactions to changes in the organization. 
However, it is worth considering that the reaction to change can be individual and 
does not always correspond to this sequence of stages. From a practical point of 
view, the method can be used to identify any obstacles in the early stages of change 
projects and develop appropriate strategies. The main advantages of the method 
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include the fact that it is simple but effective for managing organizational changes. 
The disadvantage of the method is that since all employees react at different speeds, 
they are at different stages marked on the change curve. This often leads to prob-
lems when planning changes [13]. The method, based on the model of Kurt Lewin and 
developed in the middle of the twentieth century, remains one of the most popular 
at the current stage of change management development. This method is notable for 
its systematicity and practicality, which makes it effective for implementing changes 
in various types of organizations. However, it can require significant resources and 
time to implement, and may be less effective in the case of complex organizational 
structures or indiscriminate application of change management methods [14].

To compare the considered methods of change management in projects, the 
study proposed basic criteria (indicators). The results of the comparison of change 
management methods by criteria are given in Table 5.1 [5].

Table 5.1 Comparison of existing methods of change management in projects

Indicator Method 
No. 1

Method 
No. 2

Method 
No. 3

Method 
No. 4

Method 
No. 5

Method 
No. 6

Method 
No. 7

Ease of use – – + – – + +

Complexity  
of implementation

– – + – + + +

Time required for use + + – + + + –

Availability of quanti-
tative assessment  

of changes

– – – – – – –

Flexibility of the 
method

– – + + – + –

Use in rapid changes – + + – – – –

Possibility  
of certification

+ + – + + – –

Possibility of training + + + + + + +

Availability of an 
informative website

+ + + – + – –

Availability  
of free training

– – + – – + +

Availability of use  
in complex projects

+ + + – + – –

Cost of training, $ 2000 1790 – – 6000 (850) – –

Source: [5]
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Table 5.1 uses the following notations [5]:
– method No. 1 – Prosci ADKAR model;
– method No. 2 – AIM method;
– method No. 3 – Beckhard and Harris's model;
– method No. 4 – Bridges Transition model;
– method No. 5 – Kotter's 8-Step Change model;
– method No. 6 – Kübler-Ross model;
– method No. 7 – method based on the Kurt Lewin model.
The main drawback of the considered change management methods is their lack 

of opportunities for quantitative assessment of changes at the level of individual 
project tasks. Therefore, an analysis of modern research aimed at eliminating this 
drawback was conducted.

A significant amount of modern work in the field of change management in proj-
ects and, in particular, in IT projects is based on the idea of change management to 
the tasks of general (organizational) project management as a whole. For example, 
in [15] a new hybrid model of the IT project life cycle is proposed, which combines 
predictive planning with iterative implementation. This model emphasizes defined 
requirements, short sprints and early feedback, focusing on the interaction of peo-
ple and customers, while limiting changes during the project life cycle [15]. But this 
model does not take into account the features of long-term IT projects. In addition, 
this model, like the change management methods discussed above, is focused on 
solving the problems of project personnel management, and not on quantitative 
assessment and change management. In [16] mathematical models and methods of 
change management in megaprojects caused by integrative actions of stakeholders 
under complex external conditions are investigated. The term "megaprojects" in [16] 
defines large-scale investment programs with complex organizational structures 
that unite many stakeholders, the interaction of which leads to the redistribution of 
power and the creation of temporary control centers. To describe the management 
of megaprojects, vector-matrix models of a dynamic system with feedback on the 
results of changes were used. To identify recurring patterns of negative events, the 
method of event-based analysis was used. As a result of the study, in [16] a prototype 
of IS was proposed, which is based on:

– a mathematical model of change management in megaprojects;
– a methodology of neural network analysis based on the use of the large lan-

guage model Qwen 2.5-Plus for processing text information and forming quantita-
tive estimates;

– a software interface for uploading documents, automated data processing and 
visualization of results.
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This prototype provides users with the ability to analyze stakeholder interactions, 
assess the intensity of change, and predict potential risks based on historical data [16].

The disadvantage of this IS prototype is its focus on processing textual informa-
tion, through which stakeholders can express their own attitude to the megaproject. 
This means that quantitative assessments of changes are formed in this prototype on 
the basis of individual statements, which can be influenced by the economic or polit-
ical environment of stakeholders. In addition, this prototype is also focused on man-
aging changes and risks of the entire megaproject as a whole. Solving the problem of 
project evaluation by using neural networks is one of the current research directions. 
Thus, in [17] it was proposed to use a neural network of radial basis functions to pre-
dict project efficiency, which illustrates changes in efficiency levels during the phases 
of failures and project recovery. To train this network in [17], data from 64 completed 
construction projects were used. The results show that the discrepancy between the 
predicted and actual values of the stability of the assessed project is less than 10%. 
But this approach has quite significant disadvantages. Among these shortcomings, 
it is necessary to highlight, in particular: the orientation of the proposed IT to the 
evaluation of the project as a whole; the need to train the neural network on a large 
volume of historical data; the impossibility of quantitatively assessing changes in in-
dividual project tasks.

A separate issue is the analysis of resistance to changes by project employees. 
Existing methods for assessing resistance are based on closed questionnaires and 
binary classifications. However, such methods, as indicated in [18], limit the expres-
sion of opinions and do not provide a nuanced segmentation of employees' posi-
tions on changes. Therefore, in [18] it is proposed to use an innovative automated 
methodology for analyzing resistance to changes by project employees, which com-
bines specialized Large Language Models (LLM) with a zero result (in particular, 
DeBERTa-v3-large-zeroshot) and rapid engineering methods. However, the disad-
vantage of this methodology is that it, like existing methods, is based on employees' 
responses to pre-prepared questionnaires. Therefore, this issue requires additional 
scientific research that goes beyond the scope of this study.

In general, the limitations and shortcomings inherent in modern research in the 
field of change management in projects and, in particular, in IT projects, can be for-
mulated as follows:

– the absence in the overwhelming majority of widespread applied change man-
agement methods of a tool for quantitatively assessing these changes;

– the orientation of the overwhelming majority of methods and IT change man-
agement precisely on managing project personnel and stakeholders, as well as their 
relationships with each other within the project life cycle;
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– the use of neural networks for various purposes in the proposed modern IS and 
IT change management and assessment studies, which significantly complicates the 
design and implementation of these IS and IT;

– the use of large language models in IS and IT change management and assess-
ment, which leads to the formation of change assessments based not on specific ac-
tions of project stakeholders, but on their statements on this issue.

Therefore, the main direction of work on automation of change management is 
the expansion of existing project management systems and, in particular, IT projects 
by developing separate analytical services. These services should be aimed at solv-
ing the problems of assessing changes in those phases, processes and activities of 
an IT project that are relevant for stakeholders in specific periods of time. A feature 
of these services should be their readiness for operation in the conditions of the so-
called "cold start" (i.e., in the absence of an array of historical data or a small amount 
of such data for a specific project).

An example of research in this direction is the work [19], devoted to the analy-
sis of the impact of changes together with differences in the code during the ver-
ification of the software code of an IT project. To carry out this analysis, in [19] it 
was proposed to combine methods of dependency analysis based on call graphs 
and methods of intelligent history analysis. Using this combination of methods 
made it possible to calculate a set of file metrics and an overall risk score for each 
change request. The obtained estimates were not very accurate, but their accura-
cy generally satisfied stakeholders and IT project personnel. In addition, the time 
of analytical calculations during the experimental verification of the obtained 
combination of methods ranged from 7.4 to 22.43 seconds [19]. This makes it pos-
sible to apply the corresponding IT to change management in the management 
systems of any IT projects based on almost any Agile or hybrid methodologies  
and frameworks.

Therefore, the purpose of this study is to develop a service for automated solu-
tion of the problem of quantitative assessment of changes for the long-term IT pro
ject management system. The operation of this service will reduce the costs of im-
plementing long-term IT projects by reducing unplanned time costs for performing 
individual tasks of these projects.

To achieve this goal, the following tasks were solved in the study:
– to improve the method based on the Beckhard and Harris's model for quantita-

tive assessment of changes in a long-term IT project;
– to develop IT elements of quantitative assessment of changes based on the im-

proved method;
– to carry out experimental verification of the obtained research results.



179

The task of quantitative assessment of changes in the long-term  
IT project management system

Chapter 5

5.3  Materials and methods

The object of the study is the change management process in an IT project. This 
process is not included in the standard processes of the IT product life cycle as a sys-
tem [4, 20], but is recognized as a typical process of the current change management 
framework [3]. This process can be added to any process model of an IT project with-
out significant changes in this model.

The main hypothesis of the study is the hypothesis of the possibility of improving 
the quality of assessment of changes in the execution time of individual tasks of long-
term IT projects by developing and implementing a service that will allow automat-
ing the solution of the change assessment problem.

The developed service is based on a method based on the Beckhard and Harris's 
model [10]. 

This method consists of the following stages:
– "Internal organizational analysis";
– "Determination of the need for changes";
– "Analysis of differences between the current state and the desired one";
– "Action planning";
– "Transition management".
"Internal organizational analysis" stage. The purpose of this stage is to determine 

the general attitude towards change in the organization. At this stage, it is necessary 
to identify employees who may resist change. In particular, it is necessary to identify 
any external factors that may hinder the change process.

"Determination of the need for changes" stage. This stage is necessary in order 
to create a basis for implementing change. Key change participants must agree that 
change is necessary for the success of the organization. This agreement assumes 
that change participants can clearly articulate where they want to take the organi-
zation and why implementing change will help bring the organization closer to the 
desired state. It is also necessary to have an idea of the consequences associated 
with refusing to implement change [10].

"Analysis of the differences between the current state and the desired state" 
stage. Before implementing change, it is first necessary to determine what devia-
tions exist between the current state of the organization and what it should be. De-
termining these deviations is important in order to clearly formulate an understand-
ing of the future of the organization.

"Action planning" stage. A change plan is formed and submitted for implemen-
tation. It is necessary to identify the key participants in the change process and the 
responsibilities of everyone who makes the changes.
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"Transition management" stage. After the change is implemented, the employees 
implementing the changes are responsible for continuously monitoring the progress 
of the changes and making adjustments.

The main disadvantages of this method are:
– the lack of the ability to quantitatively assess the changes that arise during the 

implementation of the IT project;
– the subjectivity of making decisions on change management, which depend 

on the individual competence of decision-makers during the implementation of the 
stages of the method under consideration.

To develop a service that will automate the solution of the problem of quantita-
tively assessing changes in long-term IT projects, it is proposed to apply a descriptive 
approach. This approach is based on the following concepts: SCRUM, sprint, task, 
descriptor, change indicator.

SCRUM is a project management methodology commonly used in software de-
velopment. It is based on iterative and incremental approaches to product develop-
ment, where the team works in short cycles (sprints) [21].

A sprint is a short period of time (usually two to four weeks) in which a project 
team works on a specific set of tasks. This practice is implemented when using the 
Agile software development methodology to increase the efficiency and trans
parency of the development process [21].

A task is a separate task with a unique identification number that is performed with-
in a sprint by a specific project team to achieve a set goal or result. A task is most often 
evaluated by its complexity and execution time. It has the following characteristics: 
description, creation date, priority, estimated execution time, responsible executor, 
execution status, acceptance criteria, deadline, comments, and additional materials.

A descriptor is a quantitative characteristic of a task that provides descriptive 
information about the task in a numerical format. A descriptor can describe certain 
aspects of tasks, such as: information about the use of a certain technology, informa-
tion about the team that will perform the task, etc.

Change indicator – a numerical indicator that can be used to assess changes when 
they are introduced. The change indicator can be the time required to complete a task, 
or the difference between the planned time and the time spent on completing the task.

The descriptor approach, which is proposed for assessing changes at the level of 
IT project tasks, includes the following processes:

– collecting and storing in a database information that will describe the charac-
teristics of the tasks being performed in the form of descriptors;

– building statistical models to find the dependence of the change indicator on 
the descriptor in order to quantitatively assess the changes.
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A condition for using the descriptor approach is the availability of sufficient in-
formation about the tasks being performed. For long-term IT projects (a distinctive 
feature of which is the characteristic accumulation of information on completed 
tasks in a significant amount, which allows this information to be analyzed using sta-
tistical methods), this condition is met.

5.4 � Results of improving the method of quantitative assessment 
of  changes in a long-term IT project

5.4.1 � Classification of descriptors that describe tasks and changes  
in an IT project

To use the descriptor approach within the framework of the implementation of 
a  long-term IT project, the following classification of descriptors is proposed:

– technical descriptors;
– task feature descriptors;
– team description descriptors;
– testing process descriptors;
– web page accessibility descriptors;
– other descriptors.
The number of types of descriptors by which the classification is carried out may 

vary depending on the requirements of the IT project.
A descriptor may have a binary value: "Yes" (or "1" or "True") or "No" (or "0" or 

"False"). For example, the descriptor of the change of the library for testing modules 
for a certain software component can have the value "1" (if the task requires chang-
ing the library for testing the component) or "0" (if not).

Examples of a descriptor with a simple numerical value can be a descriptor of 
the number of lines of code for which it is necessary to implement functional test-
ing, or a descriptor of the number of errors in the code that must be fixed during 
the task.

When using the descriptor approach, it is recommended to provide the ability 
to enter descriptors into the database to all members of the project team.

It is proposed to carry out the process of updating the descriptor database with-
in each sprint and add information about the presence of this process to the read-
iness requirements of tasks that exist in the project (definition of done, DoD) [22].

If there is a database of descriptors and change indicators, it is possible to build 
statistical models of the dependence of change indicators on descriptors.
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It is proposed to build a unidimensional model, based on the following reasons:
– simplicity of calculations;
– the need for a smaller amount of data for model development;
– the absence of a problem associated with multicollinearity of the proposed de-

scriptors [23].
A unidimensional model may be sufficient to identify the main trends and depen-

dencies in the data, especially at the initial stages of the study.

5.4.2 � Development of an improved method for quantitative assessment 
of  changes

Using a descriptive approach, the basic method based on the Beckhard and Har-
ris's model model [10] was adapted to change management at the level of individual 
IT  project tasks. As a result of this adaptation, an improved method for quantitative 
assessment of changes was obtained, which is presented as a sequence of stages 
and individual activities performed within specific stages. The scheme of implemen-
tation of the stages of the method and their most important activities, taking into 
account the cyclical transitions between activities and stages, is shown in Fig. 5.1.

The stage "Internal project analysis" (Stage 1) is intended to form a description of 
a long-term IT project as a basis for further quantitative assessment of changes. This 
stage is proposed to be considered as a set of the following activities:

–  assessment of current processes and change management systems at the  
task level;

– identification of employees who may have significant resistance to change;
– identification of external factors that may hinder the change process;
– analysis of resources available for implementing changes;
– determination, description and classification of descriptors;
– determination of a place to store descriptors (database);
– determination and description of change indicators and their storage location;
–  appointment of those responsible for forming the descriptor database and  

its updating.
These activities within Stage 1 can be performed sequentially or in parallel.
The determination, description and classification of descriptors for current tasks 

should be performed at each iteration of the project.
The stage "Collection of information in the form of descriptors at each iteration 

of the project" (Stage 2) is necessary for the formation of a descriptor database.  
This stage consists of operations for collecting and storing descriptor values 
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determined in the results of Stage 1. These operations can be implemented both by 
means of the existing IS for managing a long-term IT project and by means of the 
service being created.

Internal project analysis

Stage

1

2

3

4

5

6

7

8

Determination, description and classification of descriptors

Determination and description of change indicators

Building statistical models

Analysis of statistical models

Evaluation of changes

Selection of descriptors for analyzing the dependency 
descriptor – change indicator

Determination of the need for change

Analysis of the differences between the current state and the desired one

Action planning

Transition management

Evaluation of the success of the change management process

Determination of the possibilities of implementing changes 
at the current iteration of the project

Collection of information in the form of descriptors 
at each iteration of the project

Fig. 5.1 Stages and key activities of the improved quantitative change  
assessment method

The stage "Determination of the need for changes" (Stage  3) is necessary to 
create a basis for implementing changes. At this stage, most of the work can be 
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performed by a business analyst. It is proposed to consider this stage as a set of the 
following activities:

– identifying specific areas where changes are needed at the task level;
– assessing the needs of users and customers in making changes to tasks;
– setting goals and expected results from implementing changes.
The stage "Analysis of differences between the current state and the desired 

one" (Stage  4) is necessary to identify the impact of changes on the IT project.  
This stage is proposed to be considered as a set of the following activities:

– identification of a set of significant deviations that exist between the current 
state of the analyzed task and its state after making changes;

– assessment of possible risks and the impact of changes on the project;
–  comparison of technical characteristics of the current and desired state of  

the project.
The stage "Determination of the possibilities of implementing changes in the 

current iteration of project execution" (Stage 5) is necessary for quantitative assess-
ment of the changes identified in Stage 3 and analyzed in Stage 4. At this stage, most 
of the work should be performed using the tools of the created service. This stage is 
proposed to be considered as a set of the following activities:

– selection of descriptors for analyzing the dependence of the change indicator 
on the descriptor;

– construction of statistical models;
– analysis of statistical models;
– assessment of changes at the task level.
A set of descriptors can be analyzed by the mean value of the descriptors, but this 

analysis can have significant drawbacks. Analyzing data using the mean (average) is 
a  simple way to describe the central tendency of the data. However, this approach may 
not be predictive in cases where the data have high variability or when they are unevenly 
distributed. Especially in cases where the data have a large number of outliers or asym-
metry, using the mean can lead to incorrect or incomplete understanding of the data.

Taking into account the features of the descriptor approach, within the frame-
work of Stage 5, it is proposed to investigate the relationship between the indicators 
of change (the desired indicators) and the values of the descriptors. This relationship 
can be represented by the formula

y xi i� � �� �0 1 ,	 (5.1)

where yi  – the dependent variable (change indicator); xi  – the independent vari-
able  (descriptor); β β0 1,  – regression parameters.
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After that, the task of finding the values of the regression parameters is solved.
There are many methods for building regression models. However, the most 

commonly used method is the Ordinary Least Squares (OLS).
Before using the OLS method, it is necessary to check the fulfillment of the pre-

requisites for using regression analysis. As a result of such analysis, outliers may be 
detected that will need to be processed.

In the case of outliers in the data collected during the implementation of the 
project tasks, the developed combined method proposes to use Huber regression, 
because it has properties related to robustness [24].

After building statistical models, it is proposed to check their performance using 
the following indicators [24]:

– coefficient of determination (R2);
– forecasting coefficient (Q2);
–  forecasting coefficient calculated using the Leave-one-out cross-validation 

procedure (QLOOCV
2 );

– standard deviation (σ);
– assessment of the significance of the statistical model (F-criterion).
If, during the verification of statistical models, these indicators acquire un

satisfactory values, another descriptor is selected and the statistical models are 
recalculated. 

If the values of these indicators are satisfactory, the changes are assessed using 
the constructed model.

When using the obtained assessment, an assumption is made about the possibil
ity of implementing changes at the task level in the current iteration of the IT  pro
ject. If the assessment of the required task completion time corresponds to this 
possibility, the changes are approved. If the assessment does not correspond to the 
possibility of implementing changes, the results of Stage 3 are analyzed, after which, 
if necessary, the possibilities of either attracting additional human resources from 
other teams or overtime work of the current team members are analyzed. If it is de-
termined that the changes cannot be implemented in the current project iteration, 
a new task is created. This task is included in the list of tasks when planning subse-
quent project iterations.

The stage "Action Planning" (Stage 6) is necessary for carrying out operations 
to re-plan the IT project taking into account the introduced and evaluated changes 
and implementing this plan. It is proposed to consider this stage as a set of the fol-
lowing activities:

– identification of key participants in the change process and responsibilities of 
each person making the changes;
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– development of a specific change implementation plan, including resources and 
deadlines;

– determination of the sequence of steps for implementing the changes;
– preparation of a communications plan to inform customers about the changes 

and their impact on the project.
The stage "Transition Management" (Stage 7) is necessary for operational man-

agement of work on the direct implementation of the IT project iteration. It is pro-
posed to consider this stage as a set of the following activities:

– implementation of the change plan for the task;
– monitoring the impact of changes on the project and timely identification  

of problems;
– providing support for users during the transition to a new state of the project.
The stage "Evaluation of the success of the change management process" (Stage 8) 

is necessary to analyze the progress of the IT project iterations and assess the suc-
cess of the planned changes to the IT project. This stage is recommended to be car-
ried out once every several (two or more) iterations of the project or at the request 
of the project stakeholders.

In order to assess the success of the change management process, it was pro-
posed to use the following indicators at Stage 8 [5]:

– the share (in percent) ChCp  of time changes canceled due to the impossibility  
of their implementation, excluding changes that became unnecessary for a cer-
tain period;

– the share (in percent) of time changes that were accepted by the customer and 
approved as successfully implemented for a certain period of time, ChCp;

– the difference between the time spent on work and the estimated time for  
a certain period of time, δChT;

– the share (in percent) of changes that were completed on time for a certain 
period of time, ChiTp .

The share (in percent) of changes canceled over a certain period of time due to 
the impossibility of their implementation ChCp , excluding changes that have become 
irrelevant, can be calculated by the formula [5]

Ch
Ch
ChCp

C� �100%,	 (5.2)

where ChC – the number of canceled changes for a certain period of time due to the 
impossibility of their implementation, excluding changes that have become irrele-
vant; Ch – the total number of changes for a certain period of time.
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Large values ChCp  indicate poorly planned changes.
The share (in percent) of changes that were accepted by the customer and ap-

proved as successfully implemented for a certain period of time ChSp can be calcu
lated by the formula [5]

Ch
Ch
ChSp

S� �100%,	 (5.3)

where ChS  – the number of changes that were accepted by the customer and ap-
proved as successfully implemented for a certain period of time.

A large value ChSp indicates a better change management process.
The difference between the time spent on performing tasks of a long-term 

IT  project and the estimated time for a certain period of time δChT  can be calculated 
by the formula [5]

�Ch
t t

t iT

i
p

i
a

i�
�

�
�
�( )( ) ( )

0 ,	 (5.4)

where ti
p( ) – the time planned for implementing the change, days; ti

a( ) – the time spent 
on implementing the change, days; t – the time period for evaluation, days; i – the 
number of changes for the time period t.

The indicator δChT  indicates whether changes are performed on time and in ac-
cordance with the change plan. The lower the indicator, the better organized the 
change management.

The share (in percent) of changes that were completed on time for a certain peri-
od of time ChiTp  can be calculated by the formula [5]

Ch
Ch
ChiTp

iT� �100%,	 (5.5)

where ChiT – the number of changes that were completed on time for a certain period 
of time.

A high value ChiTp  indicates a better change management process and adherence 
to the planned schedule.

The use of the proposed improved method for solving the problem of quantita-
tive assessment of changes made it possible to formulate the main requirements for 
the service that should provide an automated solution to this problem. To ensure 
the possibility of multiple use of the obtained solutions, this service during design 
and implementation (design & development) is proposed to be considered as a sepa-
rate IT for automated solution of the problem of quantitative assessment of changes.
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5.5 � Elements of information technology for automated solution of the 
problem of quantitative assessment of changes

IT for automated solution of the problem of quantitative assessment of changes 
(hereinafter referred to as IT for quantitative assessment of changes) is proposed 
to be developed for automated implementation of the proposed improved method. 
Therefore, it was decided to use this IT to automate only those stages of the im-
proved method that are directly related to the collection, processing and storage 
of data and information on changes that arise during the implementation of a long-
term IT project. 

These stages include [5]:
– Stage 1 "Internal project analysis";
– Stage 4 "Analysis of differences between the current state and the desired one";
– Stage 7 "Transition management".
Based on this decision, it was proposed to present the developed IT as a sequence 

of the following stages and steps [5].
Stage 1. Survey of the team of performers on the current perception of the change 

management process.
Step 1.1. Forming a questionnaire and conducting a survey of all employees who 

form the IT project teams regarding their current attitude to the change manage-
ment process.

Step 1.2. Processing the survey results and forming current assessments of the 
level of employee satisfaction with the change management process.

Stage 2. Forming and storing descriptors of individual IT project work.
Step 2.1. Determining the set of descriptors of individual IT project work.
Step 2.2. Forming sets of values of the defined descriptors.
Step 2.3. Storing the formed sets of values of the defined descriptors.
Stage 3. Statistical analysis of IT project descriptors.
Step 3.1. Determining indicators of IT project changes.
Step 3.2. Selecting the defined descriptors to create a change model.
Step 3.3. Analysis of the sets of values of the selected descriptors for the pres-

ence of outliers.
Step 3.4. If the analysis results obtained as a result of Step 3.3 indicate the ab-

sence of outliers, then build a change model using OLS. Otherwise, build a change 
model using the Huber regression method.

Step 3.5. Calculate the performance indicators of the built change model.
Stage 4. Survey of the team of performers on the final perception of the change 

management process.
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Step 4.1. Form a questionnaire and conduct a survey of all employees who form 
the teams of performers of the IT project on the final attitude to the change manage-
ment process.

Step 4.2. Process the survey results and form final assessments of the level of 
employee satisfaction with the change management process.

A description of the IT architecture of quantitative change assessment in the 
form of a data flow diagram is given in Fig. 5.2 [5]. When creating this diagram, the 
Yordon-DeMarco notation was used. Fig.  5.2 does not indicate the names of the 
flows that are directly related to the data warehouses, because these names coincide 
with the names of the data warehouses themselves.

For the further implementation of IT, the features of its technology stack were 
determined. The technology stack will be understood here and now as a set of tech-
nologies that are used together to develop and support software [25].

Manager and 
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management 
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the survey

Results 
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Fig. 5.2 Description of the architecture of the information technology  
of quantitative change assessment

Source: [5]
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The technological stack of IT quantitative change assessment has the following 
components:

– for the development of the elements "Survey of the team of performers on the 
current perception of the change management process" and "Survey of the team of 
performers on the final perception of the change management process", it is pro-
posed to use the Google Forms service, which is included in the free Google Docs 
editor package from Google;

– for the development of the element "Formation and storage of descriptors of 
individual IT project works", it is proposed to use existing IT project management sys-
tems (for example, Jira [26]) and tools for storing descriptor descriptions and their 
numerical values (for example, Microsoft Excel, or its analogues, or database man-
agement systems Firebase, MongoDB, PostgressSQL, etc.);

– for the development of the element "Statistical analysis of IT project descrip-
tors", it was proposed to develop a specialized service using the Python program-
ming language.

Microsoft Excel was used to implement data warehouses where it was planned to 
store descriptor descriptions and their numerical values.

A fragment of the program code for calculating the values of the Gaussian den-
sity function is shown in Fig. 5.3. A fragment of the program code for plotting the 
calculated Gaussian density function and checking the results obtained using the 
three-sigma method is shown in Fig. 5.4 [5].

A fragment of the program code for creating a model using the OLS method is 
shown in Fig. 5.5. A fragment of the program code for creating a model using the 
Huber regression method is shown in Fig. 5.6 [5].

A fragment of the program code for calculating the performance indicator of the 
model "Coefficient of determination" is shown in Fig. 5.7. A fragment of the program 
code for calculating the performance indicator of the model "Forecasting coefficient" 
is shown in Fig. 5.8. A fragment of the program code for calculating the performance 
indicator of the model "Forecasting coefficient QLOOCV

2 " is shown in Fig. 5.9 [5].
A fragment of the program code for calculating the performance indicator of the 

model "Standard deviation (σ)" is shown in Fig. 5.10. A fragment of the program code for 
calculating the performance indicator of the model "F-criterion" is shown in Fig. 5.11 [5].

Fig. 5.3 A fragment of the program code for calculating the values  
of the Gaussian density function

Source: [5]
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Fig. 5.4 A fragment of the program code for plotting the calculated Gaussian density function 
and checking the results obtained using the three-sigma method

Source: [5]
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Fig. 5.5 A fragment of the program code for creating a model using  
the least squares method

Source: [5]

Fig. 5.6 A fragment of the program code for creating a model using  
the Huber regression method

Source: [5]

Fig. 5.7 A fragment of the program code for calculating the performance indicator  
of the model "Determination coefficient R2"

Source: [5]

Fig. 5.8 A fragment of the program code for calculating the performance indicator  
of the model "Forecasting coefficient Q2"

Source: [5]
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Fig. 5.9 A fragment of the program code for calculating the performance indicator  
of the model "Forecasting coefficient Q

LOOCV

2 "
Source: [5]

Fig. 5.10 A fragment of the program code for calculating the performance indicator  
of the model "Standard deviation (σ)"

Source: [5]

Fig. 5.11 A fragment of the program code for calculating the performance indicator  
of the model "F-criterion"

Source: [5]
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5.6 � Description of an example of solving the problem of quantitative 
assessment of changes during the implementation of a long-term 
IT project

5.6.1 � Description of the features of the long-term IT project  
"Web Constructor"

Experimental verification of the obtained research results was proposed to be 
carried out during the implementation of the long-term "Web Constructor" IT pro
ject. The duration of the implementation of this IT project is 6 years.

The main result of this IT project is the "Construct" system. This system imple-
ments an administrative portal, where customers can use the library of components 
to create sites. The "Construct" system supports more than 20 languages and allows 
to create web pages for most countries of the world. The results obtained from the 
implementation of the long-term "Web Constructor" IT project are already in oper-
ation and continue to expand.

The main goal of the long-term "Web Constructor" IT project is the development 
and support of the created "Construct" system.

According to the classification of the main groups of projects by interests of the 
Project Management Institute (PMI), this project belongs to IS development pro
jects [2, 3].

Table 5.2 provides an additional classification of the "Web Constructor" project. 
This classification was carried out according to classification criteria according to the 
materials of sources [27, 28].

Table 5.2 Additional classification of the "Web Constructor" project

Classification feature Project type

By scale Large

By complexity Technically complex

By implementation time Megaproject

By resource constraints of a set of projects Program

By the nature of the project and the level of participants International

By the nature of the project's target task Marketing

By the main reason for the project Need for structural and functional 
transformations

By the location of the customer External

Degree of customer participation in the project Average
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The "Web Constructor" project is divided into subprojects depending on the re-
quirements. For example, during the project implementation, subprojects took place 
to update designs, transition to more progressive and competitive technologies, add 
new functionality, and others. The project continues to scale, so new teams and sub-
projects are currently being created to perform individual business tasks.

During the implementation of the "Web Constructor" IT project and its individ
ual subprojects, a lot of work is performed, the main of which are:

– creation of new system components;
– updating existing system components;
– creation of new web page templates;
– improving the performance of existing web pages;
– collection of analytical information on system usage;
– system support/updating;
– solving problems with content accessibility;
– transition to new technologies;
– implementation of the possibility of using the system in new countries;
– updating the system design.
To implement the "Web Constructor" IT project, the resources of the following 

IT  company departments were used:
– Management department;
– Inclusion and accessibility department;
– Business analysis department (BA);
– Strategic architecture and consulting department (Solution Architects, SA);
– Back end (BE) development department;
– Front end (FE) development department;
– System efficiency and performance department;
– Software development and implementation automation and optimization de-

partment (DevOps);
– User interface design department;
– Software testing experts department (Quality Assurance, QA).
Several teams participate in the implementation of the IT project. Most teams 

are development teams, each of which has 6–10 employees. Such a team usually in-
cludes several BE developers, FE developers, and QA specialists. One of the project 
participants plays the leading role of the team leader and reports to other teams and 
divisions of the IT company on the success of the work, maintains communication 
with them.

The "Web Constructor" IT project is international and includes employees from 
different countries of the world.
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When planning the work of the teams of the "Web Constructor" IT project, the 
provisions of the Agile SCRUM methodology were used [21]. The main type of itera-
tion of this IT project is a sprint lasting 3 weeks.

When planning a specific sprint of the "Web Constructor" IT project, the tasks 
that are allocated in the backlog of this sprint can be attributed to one of the follow-
ing classes:

– tasks that must be fully completed during the current sprint;
– tasks that must be completed during the next sprint;
– tasks that will be performed during several sprints.
If the task is selected with the intention of obtaining a finished version of the 

program (i.e. as a release task), the team should spend no more than 2 weeks on its 
implementation, because it must be checked by test engineers and customers during 
acceptance testing (UAT) in the software product environment. If the task is planned 
without taking into account obtaining a finished version of the program (i.e. as 
a  non-release task), development can take place within the entire sprint. Therefore, 
testing the task will be planned within the next sprint.

The main technologies used in the implementation of the "Web Constructor" 
IT  project and forming its technological stack are: JS, React, JAVA, SQL, HTML, CSS, 
Redux, TS, LESS, AWS.

5.6.2 � Overview of the causes of changes in the long-term  
"Web Constructor" IT project

The risks and changes that occur during the implementation of the "Web Con-
structor" project are closely related to its features and classification. Therefore, 
before starting the experimental verification of the obtained research results, it is 
necessary to consider the current problems that may lead to changes in the "Web 
Constructor" IT project and the "Construct" system.

The most relevant problem encountered during the implementation of the long-
term "Web Constructor" IT project is the problem of changing the characteristics 
of tasks during their execution. Changing these characteristics in the process of de-
veloping a project task after assessing the time required for its execution is a very 
common phenomenon [29].

The characteristic of the task is a description of what must be performed during 
the implementation of the task. The characteristics are described and divided by 
BA  specialists into characteristics on the BE side and characteristics of the FE. 
Sometimes the same characteristic may require work from two parts (BE and FE).  
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In this case, for the requirements descriptors, it is proposed to include such a re-
quirement in both descriptors.

When performing the "Web Constructor" IT project, the characteristics of the 
tasks are described in a table format and each of them is given a universal identifier. 
If the task is technical in nature, then the characteristics can be explained and de-
scribed by the system architect. At the time of discussing the task before selecting it 
for execution during the work sprint, the characteristics should already be described 
and the team should familiarize themselves with them in advance. This provides an 
opportunity to resolve misunderstandings about the task before its final discus-
sion (grooming, SCRUM stage) [21].

Depending on the characteristics, the tasks are divided into technical and busi-
ness tasks. Within the framework of business tasks, customer requirements are ful-
filled, technical tasks are solved in order to improve the technical performance and 
quality of the created product.

Another group of relevant problems of changes in the long-term "Web Construc-
tor" IT project are problems that arise during the project implementation.

Firstly, such problems include restrictions on direct communication between in-
dividual departments. As a result of such restrictions, communications become more 
complicated and sometimes take place as a dialogue in the form of electronic cor-
respondence. Such complications, in turn, can slow down the editing of elements of 
the Construct system and lead to changes that should be made already at the time of 
work on the relevant tasks.

Secondly, such problems include situations when the design department initiates 
changes in designs during the implementation of a certain functionality, that is, when 
the task has already passed the stage of evaluation by the development team. Exam-
ples of the most frequent changes that arise due to this reason include the following: 
replacing images, changing colors, changing fonts, changing sizes, introducing new 
designs for individual cases or screen sizes, etc.

Thirdly, such problems include situations in which designers do not always in-
form BA specialists about changes to graphic designs after making them. Direct com-
munication between the development team and designers in the "Web Constructor" 
IT project is absent and occurs through communication with BA specialists. Such 
changes can make the characteristics described by BA specialists irrelevant and cre-
ate the need to make changes at the task level [26].

The problems considered generate a set of changes that arise directly during 
the implementation of the IT project. If such changes are insignificant and the team 
has the opportunity to perform them within the task it is working on, these changes 
are made immediately. If the changes are critical and complex, they are made as 
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a  separate task and given a higher priority. A task of this type is called a change re-
quest  (Change Request, CR) [30]. In this case, another task planned within the cur-
rent sprint will be replaced by this CR, if the team has the opportunity to complete it, 
or the requirements for the tasks in progress are simplified.

Another group of urgent problems of changes in the long-term "Web Construc-
tor" IT project is associated with the need for interaction of individual subprojects 
with external organizations or internal teams. The results of the activities of these 
organizations and teams can significantly affect the progress of these subprojects 
and the entire IT project. For example, during the development of the server part, the 
JAVA programming language and the Adobe Experience Manager (AEM) platform 
are used. But the use of this platform in some cases, unfortunately, leads to difficul-
ties and limitations in expanding the functionality. This leads to the fact that some 
tasks cannot be completed on time. In some cases, such tasks are postponed and 
a  etter is written to the AEM developers with a request to fix the problems found.

Similar problems also arise during the development of the user interface of the 
"Construct" system. There is a separate internal subproject that provides a com-
mon library with components to be used at the "Web Constructor" IT project level.  
This leads to problems integrating individual system components with the library 
being created.

Some similar characteristics of tasks in parallel subprojects are implemented dif-
ferently, which also leads to problems and complicates the integration process with 
related components and external systems.

Similar problems arise when using external libraries (for example, node package 
manager). There have been situations when updating the library version led to sig-
nificant system defects and required replacing the used library or making a decision 
to use an old version of the current library. For such a decision, it was necessary to 
take the risk that refusing updates could cause system security problems. In such 
cases, it is possible to decide to wait for updates to the necessary library, because the 
development team of this library may know about the existing problem and plan to 
solve it in future releases.

A separate group of problems arises in the process of solving tasks of estimating 
the time required to perform a certain task and implement changes at the task level.  
There are cases when the team cannot estimate the time required to perform a task 
or implement changes due to insufficient information on the technical features.  
In such cases, it is proposed to perform the task for the purpose of more detailed 
research and estimation of the time required to perform the task or implement the 
change. Such a task is called a proof of concept (POC). However, the team may not al-
ways be aware of the risks and propose conducting such a study. In such cases, during 
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development, it becomes necessary to make changes to the characteristics or to cal-
culate the amount of time required to perform the task.

Estimation of the time required to perform tasks in different teams of the "Web 
Constructor" IT project occurs differently. In development teams, time estimation 
is carried out by planning using Poker Planning technology. Scores are given in the 
range from 1 to 13 by all team members. The meeting at which the assessment pro-
cess takes place usually takes place a week after the meeting to discuss the task with 
the BA specialists. This, in turn, leads to the fact that the assessments may not be 
accurate and relevant, because the team may not remember all aspects of the as-
sessed task.

Among other problems that are the causes of changes in the long-term "Web 
Constructor" IT project, the following types of problems should be noted:

a) problems arising from the work of the project teams under stressful conditions;
b) problems arising from the need to compensate for work;
c) problems arising from the complexity of the existing organizational structure 

of the IT company;
d) problems arising from the low level of experience of individual IT company 

specialists.
Type of problem (a) is caused by the fact that due to high competition, IT project 

tasks must be performed quickly and efficiently. This requirement sometimes leads 
to overtime work by employees or work on weekends. Frequent cases of such work 
can lead to emotional fatigue of employees and worsen the effectiveness of the team 
and individual project participants.

Type of problem (b) is caused by the international crisis of the IT market. The con-
sequence of this crisis is a situation in which customers prefer budget solutions and 
refuse to implement the latest technologies due to financial resources. This leads to 
increased competition in the market and a decrease in the technological level of the 
created "Construct" system.

Type of problem (c) is caused by the incomplete knowledge and skills of mem-
bers of the project teams regarding the rights and obligations of managers of indi-
vidual divisions of the IT company. Team members are not personally familiar with 
higher-level managers and may not know which link in the organizational structure 
to contact with various issues. This can lead to the problem of a slow response when 
an employee contacts its manager, and the manager is forced to go further through 
the links of the organizational structure of the IT company's management.

A type of problem (d) is caused by the low level of experience of a certain group 
of employees in working with parts of the developed system. This is due to the long 
duration of the implementation of the IT project "Web Constructor" – a significant 
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part of the system components was implemented by employees, some of whom are 
no longer working on the project. Among the problems of this group, one can single 
out the problem of poor-quality process of transferring information about the pro
ject and poor-quality process of adapting employees of the IT company.

According to the results of the review of the problems that occur during the 
implementation of the "Web Constructor" IT project, it was proposed to classify 
these problems for experimental verification of the obtained research results  
as follows:

– problems of quality of estimating the time required to complete tasks and make 
changes;

– problems of medium-term forecasting;
– problems of changing task characteristics;
– problems of an emotional nature;
– problems of the level of compensation;
– problems of the need for overtime work;
– problems of a technical nature;
– problems of communication;
– problems of the level of knowledge of employees;
– problems of organizational structure complexity;
– problems caused by the use of outdated documentation and the lack of a qual

ity adaptation process for employees performing the project.

5.6.3 � Description of the progress and results of experimental verification 
of the obtained results

It was decided to conduct an experimental verification of the obtained research 
results within the framework of the tasks and iterations of the "Web Constructor" 
IT project by one development team (the description of this team is given in Subsec-
tion 5.6.1). The IT project manager was appointed responsible for the implementa-
tion of the stages of the improved method.

Before the implementation of the improved method, the method based on the 
Beckhard and Harris's model was used during the project implementation [10].

During the implementation of Stage 1 of the improved method, the manager con-
ducted a survey of the team regarding the perception of the change management 
process operating in the team at the task level. An anonymous questionnaire (Google 
Forms) was created for the survey and sent to each project participant. The ques-
tions and answers of the project participants are given in Table 5.3.
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Table 5.3 Assessment of employees' attitude to the method based on the Beckhard and 
Harris's model

Questions for evaluation on a scale 
from 0 to 10

Employee Average score 
per question1 2 3 4 5 6 7 8

Speed of change implementation 
(10 – fast)

6 5 4 6 7 4 5 3 5

Comfort of change management 
processes (10 – comfortable)

5 4 5 6 7 6 8 7 6

Presence of stressful situations during 
change implementation (10 – absent)

7 8 6 7 7 6 8 6 6.875

Need for overtime work (10 – absent) 8 9 8 10 9 10 9 9 9

Difficulty of change assessment  
(10 – not difficult)

6 7 5 6 7 8 5 4 6

Average employee rating 6.4 6.6 5.6 7 7.4 6.8 7 5.8 6.575

According to the survey results, the average score of the current change manage-
ment method was 6.575.

Then, with the participation of all project team members, an analysis of the use of 
descriptors was conducted.

A conditional name was chosen for each descriptor for use in the descriptor data-
bases. The main descriptors at the time of discussion were the following:

– number of task characteristics (C_Amount);
– number of task characteristics to be implemented on the client side (C_FE_

Amount);
– number of task characteristics to be implemented on the server side (C_BE_

Amount);
– planned number of days to complete the task (W_Days_Planned);
– number of days spent to complete the task (W_Days_General);
– number of task characteristics at the time of completion of work on it (C_Amount_

Final);
– difference between the number of task characteristics at the time of taking the 

task into work and the number of characteristics that occurs at the time of comple-
tion of work on the task (C_Delta);

– the difference between the number of days planned for the task at the time of 
its initiation and the number of days spent on its implementation at the time of its 
completion (W_Days_Delta).

During Stage 2, information was collected in the form of descriptors by entering 
them into the descriptor database.
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The tasks that were performed during the last five sprints were analyzed.  
The description of the descriptors for these tasks is given in Table 5.4.

Table 5.4 Descriptors for tasks performed during the last five sprints

Task ID C_Amount, 
pieces

C_Amount_
Final, pieces

C_FE_
Amount, 

pieces

C_BE_
Amount, 

pieces

W_Days-
Planned, 

days

W_Days-
General, 

days

WEBCO_2342 80 92 30 50 15 20

WEBCO_2343 80 94 65 15 23 31

WEBCO_2344 20 25 10 10 8 10

WEBCO_2345 35 38 15 20 7 8

WEBCO_2346 42 47 12 30 12 15

WEBCO_2347 76 85 26 50 9 14

WEBCO_2348 12 12 12 0 5 5

WEBCO_2349 56 61 26 30 16 18

WEBCO_2350 15 20 10 5 5 7

WEBCO_2351 71 75 25 46 14 16

WEBCO_2352 12 12 0 12 3 3

WEBCO_2353 7 10 7 0 3 4

WEBCO_2354 2 2 2 0 1 1

WEBCO_2355 1 8 1 0 2 6

WEBCO_2356 35 40 32 3 18 20

WEBCO_2357 8 10 1 7 4 5

WEBCO_2358 54 65 53 1 50 55

WEBCO_2359 34 53 25 9 74 84

WEBCO_2375 50 43 30 20 15 12

WEBCO_2376 40 33 25 15 12 9

WEBCO_2377 35 28 20 15 10 8

WEBCO_2380 20 15 12 8 7 5

WEBCO_2384 70 62 40 30 20 16

WEBCO_2385 50 42 28 22 15 12

WEBCO_2386 45 32 25 20 13 8

WEBCO_2387 40 30 22 18 12 8

WEBCO_2388 35 32 20 15 11 10

WEBCO_2342 80 92 30 50 15 20

During the next (sixth) sprint, descriptors were also entered into the descriptor 
database. The values of these descriptors are shown in Table 5.5.
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Table 5.5 Descriptors for tasks performed during the sixth sprint

Task ID C_Amount, 
pieces

C_Amount_
Final, pieces

C_FE_
Amount, 

pieces

C_BE_
Amount, 

pieces

W_Days-
Planned, 

days

W_Days-
General, 

days

WEBCO_2389 30 26 18 12 10 9

WEBCO_2395 20 20 12 8 8 8

WEBCO_2396 25 21 15 10 9 7

WEBCO_2397 30 35 18 12 10 13

WEBCO_2398 22 24 14 8 8 9

WEBCO_2399 35 35 20 15 11 11

WEBCO_2360 65 75 40 25 20 25

WEBCO_2361 25 59 15 10 8 23

During Stage 3 of the sixth sprint, when performing task WEBCO_2360, it be-
came necessary to make changes at the task level. The task included updating the 
designs of the bottom menu component of the page (footer). During the task, it was 
discovered that changes to the graphical interface designs were necessary. The de-
signer updated the graphical interface, and the business analyst updated the compo-
nent characteristics in accordance with the design updates.

During Stage 4, the difference between the task states without changes and with 
changes was studied in detail. The team was explained the changes necessary for 
implementation.

The development team requested Stage 5 of the improved method. To build sta-
tistical models of changes, a descriptor was selected that determines the difference 
between the number of task characteristics at the time the task was started and the 
number of characteristics that occur at the time the task was completed (C_Delta). 
The change indicator was chosen as the difference between the number of days 
planned for the task at the time of its start and the number of days spent on its imple-
mentation at the time of completion of work on it (W_Days_Delta).

First, the prerequisite for using regression analysis was checked. It was carried 
out for data collected on the basis of the first five sprints. Using the developed soft-
ware, a Gaussian distribution was constructed, presented in Fig. 5.12 [5].

The mean, variance, and standard deviation of the descriptor values collected for 
the first five sprints were calculated. The mean was 1.52. The variance was 62.72. 
The standard deviation was 7.92. There were no outliers outside 3σ. The check 
showed that there were no outliers in the data, so it was decided to build a model 
using the OLS method. The model calculations were performed for the descriptors 
collected from the first five sprints.
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Fig. 5.12 Gaussian distribution for the data on the number of changed characteristics 
collected for the first five sprints

Source: [5]

The model obtained as a result of the OLS calculations is represented by the 
formula

y xi i� � �0 46 0 26. . ,	 (5.6)

where yi – the value of the change indicator W_Days_Delta (system property); xi – the 
value of the descriptor C_Delta.

The change model, built using the OLS method for the data of the first five sprints, 
is shown in the graph (Fig. 5.13) [5].

C_Delta

W
_D

ay
s_

D
el

ta

Observed values OLS

–15 –10 –5 0 5 10 15 20

10

8

6

4

2

0

–2–2

–4

–6

Fig. 5.13 Change model built using the OLS method for data  
from the first five sprints

Source: [5]
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After building the model, its performance was checked using the following in-
dicators: R2, Q2, QLOOCV

2 , F-criterion and standard deviation σ. The calculated perfor-
mance indicators for the change model, built on the basis of descriptors for the tasks 
of the first five sprints, are given in Table 5.6.

Table 5.6 Performance indicators for the change model

Method Regression equation R2 Q2 Q2
LOOCV F σ

OLS yi = 0.46 ⋅ xi + 0.26 0.98 0.98 0.97 481.61 0.59

The values of the calculated indicators showed that the model is workable and 
can be used to estimate the change indicator.

During the sixth sprint, issues were resolved regarding updating the list of char-
acteristics of the WEBCO_2360 task after it was put into operation. The initial num-
ber of characteristics was 65 units. The team was tasked with choosing one of the 
proposed options:

– add 20 new characteristics to the current task;
– add 10 priority new characteristics to the current task and create a task with 

10 other characteristics to be performed during the next sprint.
The calculation of the change implementation time estimates under the condi-

tions of adding 10 and 20 new characteristics is given in Table 5.7.

Table 5.7 Calculation of the change implementation time required for the WEBCO_2360 
task due to changes in the number of characteristics

Method Regression equation Time of change 
(20 characteristics)

Time of change 
(10 characteristics)

OLS yi = 0.46 ⋅ xi + 0.26 9.46 4.86

Using the resulting change estimate, it was decided to add 10 new features 
during the current sprint. The project manager assigned people responsible for mak-
ing changes and checking them.

The changes took 5  days, which was slightly longer than planned. This fact 
showed that using the improved method, an estimate was obtained that was close 
enough to the actual value. The calculation of the ratio of the predicted value to the 
actual value is given in Table 5.8.

During the seventh sprint, issues were addressed regarding the reduction of the 
list of characteristics of the WEBCO_2361 task after it was taken into operation. The 
initial number of characteristics was 55 units. After taking the task into operation, 
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it was found that 7 characteristics were no longer relevant. The development team 
requested Stage 5 of the improved method.

Table 5.8 Calculation of the ratio of the predicted value of time to the actual value of time

Method Forecast change, 
days

Actual change, 
days

Ratio of forecasted and  
actual results

OLS 4.86 5 0.97

To build statistical models of changes, it was decided to use the descriptor  
C_Delta and the change indicator W_Days_Delta, as for previous calculations. 
The data collected on the basis of the first six sprints were checked for outliers. 
The Gaussian distribution for the values of these descriptors, which were col
lected during the previous six sprints, is shown in Fig. 5.14 [5].

The calculated mean was 2.4. The variance was 82.6. The standard deviation 
was 9.09. The three-sigma test showed the presence of an outlier in the data with 
a value of 34.

Since the test showed the presence of outliers, models were built using Huber re-
gression. The models were calculated on the descriptor values of the first six sprints 
using the following values of the parameter δ: 1.345, 0.8, 0.1, 0.02, and 1.5. A fitness 
check was performed for the found change models. The results of the calculations 
are given in Table 5.9.

Fig. 5.14 Gaussian distribution for descriptor values collected during  
the previous six sprints

Source: [5]

Gaussian distribution

C_Delta

P
ro

b
ab

ili
ty

 d
en

si
ty

 fu
n

ct
io

n

–15 –10 –5 0 5 10 15 20 25 30 35

0.045

0.040

0.035

0.030

0.025

0.020

0.0150.015

0.010

0.005

0



207

The task of quantitative assessment of changes in the long-term  
IT project management system

Chapter 5

Table 5.9 Models calculated using Huber regression and their fitness indicators

Parameter δ Regression equation R2 Q2 Q2
LOOCV F σ

1.345 yi = 0.25 ⋅ xi + 0.01 0.76 0.76 0.78 51 2.09

0.8 yi = 0.24 ⋅ xi + 0.01 0.74 0.74 0.76 46 2.16

0.1 yi = 0.37 ⋅ xi + 0.01 0.94 0.94 0.93 259 1.02

0.02 yi = 0.41 ⋅ xi + 0.02 0.97 0.97 0.97 517 0.74

1.5 yi = 0.25 ⋅ xi + 0.01 0.76 0.76 0.78 51 2.07

According to the calculated performance indicators, the value δ = 0.02 was cho-
sen for further calculations.

The model built using Huber regression for the data of the first six sprints is 
shown in the graph in Fig. 5.15 [5].
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Fig. 5.15 Model built using Huber regression, for data from the first six sprints
Source: [5]

The calculated performance indicators of the model showed that the model is 
workable and can be used to estimate the indicator of changes in task execution 
time. The calculation of the estimate of released days under the condition of chang-
ing the number of characteristics of the task WEBCO_2361 is given in Table 5.10.

For task WEBCO_2361, it was decided to remove 7 characteristics from the 
task description in the current sprint. 4 days less were spent on solving the changed 
task. Calculations of the ratio of the predicted value to the actual value are given 
in Table 5.11.
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Table 5.10 Calculation of the estimate of released days under the condition of changing  
the number of characteristics of the task WEBCO_2361

Method Regression equation Change indicator

Huber regression yi = 0.41 ⋅ xi + 0.02 2.85

Table 5.11 Calculation of the ratio of the predicted value to the actual value for  
task WEBCO_2361

Method Forecasted value, 
days

Actual value, 
days

Ratio of forecasted and  
actual results

Huber regression 2.85 3.5 0.81

Thus, the calculated change estimates turned out to be close to real changes. 
Therefore, it was decided that the results of the experimental verification of the im-
proved method and the elements of the corresponding IT are adequate to the real 
processes of implementing the long-term "Web Constructor" IT project.

5.7  Discussion of the research results

Improving the method based on the Beckhard and Harris's model using the de-
scriptor approach made it possible to solve the following tasks:

– conduct a quantitative assessment of changes based on the values of descrip-
tors that are formed in the process of implementing sprints of a long-term IT project 
by its performers;

– automate the solution of the problem of quantitative assessment of changes  
by forming and analyzing statistical models of the dependence of change indicators 
on descriptors.

The developed IT elements of quantitative assessment of changes allow to im-
prove the quality of change management in a long-term IT project. This possibili-
ty was achieved through the use of the descriptor approach and statistical models  
of quantitative assessment of changes. The use of software implementation devel-
oped by IT greatly simplifies the work on assessing changes in the time parameters 
of individual tasks of a long-term IT project [5].

Unlike the derived method based on the Beckhard and Harris's model [10], the 
use of the improved method allowed to improve the performance indicators of the 
change assessment process. The results of comparing the values of these indicators 



209

The task of quantitative assessment of changes in the long-term  
IT project management system

Chapter 5

calculated for the derived method based on the Beckhard and Harris's model and 
after the implementation of the improved method are given in Table 5.12.

Table 5.12 Results of comparing the values of indicators of the change assessment process

Indicator

Application of 
the derivative 

method based on 
the Beckhard and 

Harris's model

Application of the 
developed informa-
tion technology for 
quantitative assess-

ment of changes

Change in 
the indica-

tor

Proportion (in percent) of time 
changes canceled due to impossibil-

ity of their implementation ChCp

7 5 Decreased 
by 2 

Proportion (in percent) of time 
changes that were accepted by the 
customer and approved as success-

fully implemented ChSp

92 95 Increased 
by 3 

Difference (in hours) between the 
time spent on work and the esti-

mated time, δChT

7 2 Decreased 
by 5 

Proportion (in percent) of changes 
that were completed on time ChiTp

79 86 Increased 
by 7 

Employee attitude assessment 
towards change management 

processes (from 1 to 10)

6.575 8.025 Improved 
by 14.5%

The developed improved method has the following limitations:
– the duration of the project must be large enough to allow collecting the nec-

essary amount of information for analysis;
– there is a need for additional storage of information for analysis;
– models built using this approach are relevant only for specific projects on 

the basis of which data was collected for building models (however, exceptions 
are possible).

The main limitation of the use of the developed IT elements is the need to op-
erate IS and IT management of the work of project teams, which could provide the 
formation of derived data arrays for further calculation of the values of the selected 
descriptors of the tasks of a long-term IT project. In addition, a significant drawback 
of the developed IT is a significant increase in the duration of model calculations with 
an increase in the number of descriptors taken for analysis. To overcome this draw-
back, it is necessary to conduct additional research to reduce the time and computa-
tional complexity of the algorithms for implementing the developed IT [5].
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Research on the development of an improved method for quantitative assess-
ment of changes is proposed to focus on determining the possibility of its application 
for assessing and predicting other (except time) parameters of changes that arise 
during the implementation of a long-term IT project. To conduct such research, it will 
also be necessary to conduct additional research to determine the best indicators 
that characterize changes and the success of the change assessment process in 
IT  projects of various types.

5.8  Conclusions

In the process of research, a method based on the Beckhard and Harris's model 
was improved for quantitative assessment of changes in a long-term IT project.  
To improve the method, it was proposed to use a descriptor approach. The improved 
method, unlike the existing one, allows for quantitative assessment of changes based 
on the values of descriptors that are formed during the implementation of sprints of 
a long-term IT project by its performers.

The results of improving the change assessment method were implemented in 
the form of IT elements of an automated solution to the problem of quantitative 
assessment of changes in the long-term IT project management system. A service 
architecture was selected for implementation, and the developed IT was considered 
as a means of implementing the corresponding service. The IT architecture was de-
fined, a technological stack was proposed, and elements of the software implemen-
tation of the service were developed.

To experimentally verify the obtained research results, it was decided to test 
these results during the implementation of the long-term "Web Constructor" 
IT project. The test was performed on the results of the work of one project develop-
ment team. The calculation used data obtained during the team's execution of seven 
project sprints.

The calculations were performed for two cases of changes that occurred 
during the sixth and seventh sprints. In the first case, the ratio of the predicted 
time estimate to the actual time spent on implementing the change was 0.97,  
in the second case – 0.81. These results showed that the predicted values of the 
indicators quite accurately coincide with the values of the time actually spent 
on implementing the changes. In general, the use of the improved method im-
proved the indicators of change implementation during the implementation of the  
IT project (Table 5.12) and improved the team's attitude to the change manage-
ment process by 14.5%.



211

The task of quantitative assessment of changes in the long-term  
IT project management system

Chapter 5

Conflict of interest statement

The authors declare that there is no conflict of interest in relation to this paper, as 
well as the published research results, including the financial aspects of conducting 
the research, obtaining and using its results, as well as any non-financial personal 
relationships.

Use of artificial intelligence statement

The authors declare that they did not use artificial intelligence tools in preparing 
this manuscript.

References

1.	 Sakhno, Ye. Yu., Sidin, E. P., Korniiets, K. Ye. (2015). Modeling the effectiveness 
of realization the long-term projects. Scientific Bulletin of Polissia, 2 (2), 87–94.

2.	 Nastanova do zvodu znan z upravlinnia proiektamy. Nastanova PMBOK (2021). 
Project Management Institute, Inc. Available at: https://learn.ztu.edu.ua/ 
pluginfile.php/274061/mod_resource/content/1/PMBOK7_Ukr_ForPerson-
alUseOnly.pdf

3.	 Managing change in organizations: a practice guide (2013). Project Manage-
ment Institute, Inc., 127.

4.	 ISO/IEC/IEEE 12207:2017. Systems and software engineering – Software life 
cycle processes (2017). IEEE. https://doi.org/10.1109/ieeestd.2017.8100771 

5.	 Vasyltsova, N., Popova, A. (2025). Information technology for quantitative as-
sessment of changes in a long-term IT project. Management Information System 
and Devises, 184, 5–21. https://doi.org/10.30837/0135-1710.2025.184.005

6.	 Zosym, M. (2025). Adkar model. Maxym Zosym. Available at: https://www.max-
zosim.com/adkar-model/ 

7.	 The Prosci ADKAR Model. A powerful yet simple model for facilitating indi
vidual change. Prosci. Available at: https://www.prosci.com/methodology/adkar

8.	 AIM Accelerating Implementation Methodology. Peacock Hill Consulting. Avail-
able at: https://imaworldwide.com/the-aim-methodology/

9.	 Change Management – Embrace Evolve Thrive. AIM Seize The Future. Available 
at: https://www.aim.com.au/leadership-strategy/courses/change-management-
embrace-evolve-thrive 



212

Management of a modern IT company: theoretical and technological aspects

10.	 Use a Beckhard & Harris Change Process to Create Your Team's Template to 
Success. Praxie. Available at: https://praxie.com/beckhard-harris-change-pro-
cess-online-tools-templates-web-software/

11.	 Bridges Transition Model. William Bridges Assosiates. Available at: https://
wmbridges.com/about/what-is-transition/ 

12.	 The 8 Steps for Leading Change. Kotter. Available at: https://www.kotterinc.
com/methodology/8-steps/ 

13.	 Malik, P. (2025). The Kübler Ross Change Curve in the Workplace. The Whatfix 
Blog. Available at: https://whatfix.com/blog/kubler-ross-change-curve/ 

14.	 Malik, P. (2025). Lewin's 3-Stage Model of Change Theory: Overview. The What-
fix Blog. Available at: https://whatfix.com/blog/lewins-change-model/ 

15.	 Madumo, G., Marnewick, C., Nyandongo, K. M. (2025). A hybrid approach to 
manage IT projects. International Journal of Agile Systems and Management, 
18  (2), 172–199. https://doi.org/10.1504/ijasm.2025.145451

16.	 Mikhnenko, P. A. (2025). Mathematical model and intelligent system for analyz-
ing the intensity of megaproject changes: the role of temporary change manage-
ment hubs. Business Informatics, 19 (2), 54–76. https://doi.org/10.17323/2587-
814x.2025.2.54.76

17.	 Chen, S., Wang, C., Yan, K. (2024). Assessing Project Resilience Through Ref-
erence Class Forecasting and Radial Basis Function Neural Network. Applied 
Sciences, 14 (22), 10433. https://doi.org/10.3390/app142210433

18.	 Karam, B. A. E., Fissaa, T., Marghoubi, R. (2025). AI-Powered Assessment of 
Resistance to Change in the Context of Digital Transformation. International 
Journal of Advanced Computer Science and Applications, 16 (6). https://
doi.org/10.14569/ijacsa.2025.0160653

19.	 Göçmen, I. S., Cezayir, A. S., Tüzün, E. (2025). Enhanced code reviews using pull 
request based change impact analysis. Empirical Software Engineering, 30 (3). 
https://doi.org/10.1007/s10664-024-10600-2

20.	 ISO/IEC/IEEE Standard No 15288:2015 (2015). Systems and software engi-
neering – System life cycle processes. ISO/IEC/IEEE International Standard. 
https://doi.org/10.1109/IEEESTD.2015.7106435

21.	 Malhotra, V. (2020). Single Reference Guide for Scrum Certification (Profes
sional Scrum Master I (PSM I) and Professional Scrum Product Owner I (PSPO I) 
Certification). [Print Replica] Kindle Edition.

22.	 Larman, C., Vodde, B. (2016). Large-Scale Scrum: More with LeSS. Pearson Edu-
cation.

23.	 Van Huffel, S. (Ed.) (1997). Recent Advances in Total Least Squares Techniques 
and Errors-in-variables Modeling. Society for Industrial & Applied, 377.



213

The task of quantitative assessment of changes in the long-term  
IT project management system

Chapter 5

24.	 Diego, O., Essam, H. H., Salvador, H. (2021). Metaheuristics in Machine Learning 
Theory and Applications. Cham: Springer. https://doi.org/10.1007/978-3-030-
70542-8 

25.	 Yak vybraty pravylnyi tekhnolohichnyi stek dlia vashoho proektu. Redstone. 
Available at: https://redstone.agency/blog/yak-vybraty-pravylnyi-tekhnolo-
hichnyi-stek-dlia-vashoho-proektu/

26.	 Doar, M. (2011). Practical JIRA Administration. O'Reilly Media, 140.
27.	 Kobylianskyi, L. S. (2002). Upravlinnia proektamy. Kyiv, 200.
28.	 Katrenko, A. V. (2011). Upravlinnia IT-proiektamy. Lviv: Novyi svit-2000, 552.
29.	 Guizzi, G., Fujita, H. (Ed.) (2023). New Trends in Software Methodologies, Tools 

and Techniques. IOS Press, 371. https://doi.org/10.3233/faia371 
30.	 Roberts P. (2020). The Economist Guide to Change and Project Management. 

Economist Books, 448.



Scientific Route OÜ®

We invite you to explore our website.

www.route.ee


