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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.
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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,
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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 aresult 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
asequence 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]itis proposed to use amachine 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 systemis
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:

- itis 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
toits 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
toits 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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Toinitiate 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 aninitial 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.

[ Initiatives 1 ] Initiatives 2
[Epic1| [Epic2| [Epic3| [Epic4| = Epicl Epic 2

Sl

T ) > Sprint #1
tory «— tory ~ta Yot
R 8 / >< e / Sprint #2
tory” ~ / [storyy st
7 o (5K Coyctory / Sprint #3

7

s
s story - task Sprint #4
Team #1 Team #2 Team #3
project

company

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 /s 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 (X, X,,..., X ).
Then the posterior probability of belonging of the object X to the class y, from the set
of classes Y should be calculated by the formula

P(yk)li[P(X,. 1v:)

— o o 3.1
P(X XX, 3.1

P(Y | X X0 X, ) =

where P(y,|X,, X,...., X,) - the posterior probability of belonging of a classification ob-
ject with a set of features (X,, X,,..., X,) to the class y,; P(y,) - the prior probability of
the existence of the class y,; P(X]y,) - the probability that a classification object that
has a feature X; with some fixed set of values will be classified as belonging to the
classy,; P(X,, X,,..., X,) - the probability that a classification object X will be described
by a set of features (X, X,,..., X,).

For the case when the prior probabilities P(y,) for each element y, 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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n

P(Y, | X3 Xy X, ) o argmax, Py, ) TP(X: 1y, ). (3.2)

i=1
where o - the proportionality sign.
In many cases, the classification rule (3.2) is translated into logarithmic space.
Then it takes the form [22]:

logP(y, | X3, X;,... X, ) cargmax, Iog(P(yk ) TP(X ka)J, (3.3)
i=1
logP(y, | X3, X,,...X, )=argmax, (IogP(yk )+ X;logP(X;ly, )J (3.4)
i=1

where X; 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(y,)
are calculated.

To estimate the parameters of each class, in [22] it was proposed to use
a smoothed version of the maximum likelihood estimation

N .+a
e (3.5)

P(Xilyk):N +an’
Yk

where N, ; - the number of times the feature X; occurs in the objects of classifi-
cation X belonging to the class y,; N, - the total number of times all features X;
occur in the objects of classification X belonging to the class y,; n - the number
of features describing the objects of classification in the training set; o - the
smoothing parameter.

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

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

(0]
P(vi)= ka’ (3.6)

where 0, - the number of objects of classification present in the training set and
belonging to the class y,; 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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?

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

3. Selecting a set of classes

I

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

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

U U

6. Calculating the posterior probability P(yi|X1,Xa,...,.X,) of the
object belonging to each class yi taking into account all its features
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Searching for a class with the max posterior probability of the
object belonging to it and assigning the object to this class

[The set of objects for classification is empty]

(No] [Yes]

®

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
aresult, 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 «, 0 < a < 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 (X,, X,,..., X,) 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 y,, 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 e, with maximum posterior probability

e, ccargmax, P(e, ) [P(le,). (37)
i=1
where P(e,) - the prior probability that the IT project task belongs to the per-
former e,; P(w,|e,) - the probability that the word w, from the IT project task title will
be classified as being distributed to the performer e,; n - the number of words in the
IT project task title.
The prior P(e,) should be calculated by the formula

T
P =% 3.8
(%) T (3.8)
where Tek - the number of tasks in the training set of tasks performed by the per-
former e,; T - the total number of tasks in the training set.
The probability P(w,|e,) should be calculated using formula (3.3)

NE w;
P(“’; |ek):m: (3.9)

whereN, , - the number of occurrences of the word w, in the names of the tasks of
the training set performed by the performer e,; Nek - the total number of words in
the names of the tasks of the training set performed by the performer e,; V - the size
of the vocabulary (the total number of words in the training set); o - 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 o = 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 e, for one sprint;

- the condition of the performer e, 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 e, 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 classe," V... The value of

theindicator V, _,, 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 e,, the value of the indicator V__,, is determined based on the
position held by the performer e, 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" v,.. The value of the indicator v, 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

i
Svk = Zvi < Vmaxk’ (310)

where S, - the total weight of the class e, 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 e, should be considered equal to zero. The search for the
performer e, 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 S, of each of the classes approached the value of the indi-
cator V,_,, 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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8. Calculating the posterior probability P(yi| X1,X2,...,X») of the
object belonging to each class, taking into account all its features

9. Searching for a class (y.) with the max posterior probability
of the object belonging to it (max P(yi|X1,Xa,...,Xn))

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

10. Zeroing the posterior probability
[Yes] of belonging to the class yn

11. Assigning the object to the class (y.) and increasing
the total accumulated weight Sy = S + Vi

[No]

[The set of objects for classification is empty]

(NoJ [Yes]

®

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 1is the preparatory stage.

Stage 2 is the formation of the "Product Backlog" artifact as a set of IT pro-
ject tasks.

Stage 3is 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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14. Zeroing the posterior probability selected performer's tasks
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15. Replenishing the list of tasks
of the selected performer

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

[No]

_Q_

[Yes]

16. Removing the selected performer
from the list of performers

[List of performers is empty]

"

[No] Yes]

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 S,,. If this
total weight does not exceed the value V, _,,, 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 S,,. If this total weight is still less than V__,,.
goto 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
dataonthe performers towhom 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 prioriset 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:

- adescription 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:

- adescription of the epics planned for current performing;

- aset of descriptions of individual tasks that make up each planned epic;

- adescription 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 epicsinto 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;

- aset of descriptions of individual tasks that make up each planned epic;

- adescription of the results of the decomposition of the IT project initiative into
individual epics;

- aset 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;

- adescription of the epics planned for current performing, into which this initia-
tive is distributed;
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- adescription 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:

- adescription 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:

- adescription of individual IT project tasks (User Stories and Tasks) planned for
current performing;

- alist 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.
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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
setthevalueof the V. indicator for each performer of the IT project that is planned
and performed.

At Step 8, it is necessary to collect the following data:

- adescription of individual IT project tasks (User Stories and Tasks) planned for
current performing;

- alist 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, Bl 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 Ilvan Petrov (Junior)

2 UX/Ul Improvement lvan Petrov (Junior)

3 Frontend Framework Update lvan 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 DataEncryption Setup Maria Ivanova (Senior)
12 DataMigration 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

lvan Oleksiy Maria Gana Dmytro
No. Word (token) Petrov Kovalek lvanova  Sergienko Orlov

(Junior) (Middle) (Senior) (Middle) (Junior)
1 2 3 4 5 6 7
1 Allocation 0 0 0 1 0
2 Analytics 0 1 0 0 0
3 APl 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
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Continuation of Table 3.3
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10 Backup
11 Bug

12 Business
13  Cloud

14  Configuration
15 Continuous

16 Creation
17 Dashboard
18 Data

19 Database
20 Deployment

21 Design

22 Development
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25 Fixing
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27  Frontend
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29  Improvement
30 Integration
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Continuation of Table 3.3

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 E1l
12 Frontend design enhancement 2 5 E1l
13 Database schema optimization 2 5 E4
14  Real-time data analysis implementation 2 5 -
15 Mobile app testing 2 5 E3
16 Dataencryption security setup 3 3 E11
17  User interface design update 3 3 E1l
18 Cloud service migration 3 13 E6
19  Machine learning model training 3 13 E12
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From Table 3.4 it can be seen that the total number of IT project tasks planned for
the current performingis 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

T, 3

T 20
N,

o 1

v 57

"Frontend" token
N,... 2
"Design" token
N,., 1
"Enhancement" token

N 0 (missing from the training set)

Then the value of the prior probability Pe, according to formula (3.8) is

P("lvanPetrov")= i =0.15.
20

The value of the probability P("Frontend"|"Ivan Petrov") according to for-
mula (3.9) is

P("Frontend"|"Ivan Petrov")= _2+1 = 3 =0.046154.
8+1x57 65

116



Chapter 3 Method of automatic assignment of tasks to IT project performers

The value of the probability P("Design"|"Ivan Petrov") according to formula (3.9) is

P("Design"|"Ivan Petrov") = i :l =0.03077.
8+1x57 65

The value of the probability P("Enhancement"|"lvan Petrov") according to for-
mula (3.9) is

P("Enhancement"|"Ivan Petrov") = & = i =0.015385.
8+1x51 65

The value of the posterior probability according to formula (3.7) is
P(ek )HP(w,. |ek):0.15><0.046154><0.03077><0.015385 =

i=1
=0.000003277370962995~3.3x107%.

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 IvanPetrov Oleksiy Kovalek Marialvanova GanaSergienko Dmytro Orlov

No. (Junior) (Middle) (Senior) (Middle) (Junior)
1 2 3 4 5 6
1 8.4 x 107 3.48x10°® 3.52x10°® 7.44 x 1077 6.62x 1077
2 8.4x107 5.81x 107 8.8x 107 149 %108 2.65x10°®
3 8.4x107 6.97 x 1078 8.8x 107 7.44 x 1077 6.62x 1077
4 5.46 x 107 47 %107 1.29x10°¢ 2.14x 10° 457 x 107
5 546 x 107 47 %107 1.29x 107 2.14x10° 9.13x 107
6 8.4x107 9.29x10°® 8.8x107 7.44%x107° 6.62%x107°
7 546 x 107 2.82x10° 6.43x 107 5.36 x 1077 457 x 107
8 8.4x107 1.16x 108 3.52x10°® 298 x10°® 6.62 x 1077
9 8.4x107 581x 107 1.76x10® 7.44x107° 2.65x108
10 8.4x 107 5.81x 107 8.8x 107 7.44 x 1077 5.29x10°®
11 1.64 % 10° 4.7 %107 6.43x 107 5.36 x 1077 457 %107
12 3.3x10° 4.7 x107 6.43x107 5.36x1077 4.57x107
13 546 x 107 1.41x10°¢ 1.29x10°¢ 5.36 x 107 457 x 107
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Continuation of Table 3.6

1 2 3 4 5 6

14 8.4x107 348x10°® 5.28x10°® 744 %107 6.62x107
15  546x107 4.7 %107 6.43x107 5.36x107 3.65x10°¢
16 8.4x107 1.74x 10 1.06x 1077 2.98x10°® 6.62x 1077
17 504x10° 5.81x107° 1.76x 10 7.44x107 6.62x107
18 546x107 47 %107 1.29x 10 1.07 %10 4.57 x 107
19 8.4x107 581x 107 8.8x 1077 744 %107 6.62x 1077

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 IvanPetrov Oleksiy Kovalek Marialvanova GanaSergienko Dmytro Orlov

No. (Junior) (Middle) (Senior) (Middle) (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
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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

The com- Max

User Stories & Task plexity Performer effort RemaiF?-der
(SP) (SP)
11. Frontend Feature Extension 8 Ivan Petrov 20 4
12. Frontend design enhancement 5 (Junior)
17. User interface design update 3
3. Web page speed optimization 8 Oleksiy 35 1
6. Business intelligence dashboard creation 13 (II<\;I)i\:jac|ileek)
7.Backend service integration 8
13. Database schema optimization 5
1. Backend API performance tuning 8 Maria 50 8
8. Continuous integration pipeline setup 5 2\5/22?(;/3
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 Ga}na 35 1
5. Network configuration automation 8 S(izlgézrllg)o
19. Machine learning model training 13
2. Mobile app security audit 8 Dmytro 20 2
9. System backup strategy implementation 5 (J?J:]I%\;)

15. Mobile app testing

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 lvanova.

In the case of assignment of task No. 19, the total weight of assigned tasks for
the performer Maria lvanova 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

121



Management of a modern IT company: theoretical and technological aspects

indicator "Maximum permissible weight of class e," V.- This value is set based on
the position held by the e, 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 aresult 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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