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Abstract. The research focuses on the analysis of project team formation specifics in IT companies. It overviews main characteristics
of task management systems (TMS) and identifies the place of project team formation process during project planning. The article
addresses issues of creating project schedule taking into account project team members availability. It proposes an algorithm of mem-
bers selection, including adaptation to the problem of determining possible performers of tasks.
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Introduction. One of the main approaches in a modern en-
terprise is to improve development of production technol-
ogies and that may be achieved through digitalization of
various business processes [1]. Especially in IT field we
witness significant increase in the complexity of projects
and their coordination. Considering the internationaliza-
tion trend of project work in IT companies, managing the
effective process of remote employees is becoming in-
creasingly difficult. Thus, a need for management systems
that can improve the process of project planning and per-
formance becomes more significant. Such systems are im-
plemented in various project management systems and, in
particular, task management systems.

Along with the increasing of projects internationaliza-
tion, the complexity of the work of managers who need to
control large teams increases. Systems require a large num-
ber of tasks to be performed. Determining the team mem-
bers is a complex task, which defines the effectiveness of a
project. That is why stuff selection becomes an important
process in project planning that requires automation to in-
crease work effectiveness.

The purpose of the work is to analyze the process of
forming a project team in task management systems to de-
termine the mathematical formulation of the problem and
the algorithm for its solution, which will provide a basis for
developing a software component to automate the process
of selecting employees to work on the project.

A brief overview of publications on the topic. Project
management can be defined as the usage of knowledge,
skills, and tools to work on a project in order to achieve the
project requirements [2].

A project management system is a software that has the
ability to help strategize, organize, and manage resource
streams and develop resource approximations. Depending
on the complexity of the software, resource breakdown
structures, resource availability, resource rates and various
resource calendars can be defined to assist in optimizing
resource utilization. [3]. At the same time, it is possible to
distinguish some project management systems, that are pri-
marily related to the concept of the task in the project. A
task is an element that displays information about a prob-
lem that needs to be solved over a period of time. The task
can be described by priority, status, due time, task owner,
assignee [4].

For effective task management, it is common to use
task management systems, that are usually an integral part
of project management systems. The goal of such systems
is to increase the efficiency of creating and monitoring the
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process of performing tasks and to control work on every-
thing necessary for project success. Given the fact that
quite often the workers responsible for different parts of the
project are far away from each other, such systems are a
necessity of modern management, in particular in the field
of information technology. An example of this is a situation
where a business analyst has the necessary information on
issues in the subject area, without which the task becomes
impossible to be done. In this case, the task management
system is an effective tool to obtain all the answers needed
by the worker.

At the same time, human resource allocation plays a
critical role in delivering software projects since people are
directly involved in all software development activities.
Therefore, forming an appropriate project team is an essen-
tial activity for the project implementation that remains
challenging for most of the IT-companies [5]. Studies have
presented relevant attributes to form a software develop-
ment team, from which the most common are technical
abilities, availability, project importance, individual cost,
productivity, behavior, and personality [6]. The amount of
attributes makes the process of team formation hard and
time-consuming for managers, which requires new ap-
proaches. Automation of this process can help not only
solve the discussed problems but also reduce the amount of
subjectivity. Thus, it is important to give the mathematical
description of the problem of team formation to identify
ways of its further automation in task management sys-
tems.

Materials and methods. A large and very important
place in the process of working on the project is the transi-
tion from the global goal of the project to the selected ele-
mentary tasks. This process determines how well the work
on the project will be planned and, as a consequence, the
result of this work. If the elementary tasks are well identi-
fied, the project management process is improved. In this
case, it is easier to distinguish a clear organization of re-
sponsibility for one or another part of the work.

The result of such a decomposition process can be de-
scribed and formalized by a work breakdown structure
(WBS). It is a set of work elements or components, hierar-
chically organized, which together describe a project and
which must be performed by a team to achieve the goal of
the whole project, as well as to implement the delivery of
these elements to the customer [2, 7]. Components can be
organized at some levels, they are usually depicted in the
form of a graph of the hierarchy. They must be independent
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to be able to work on them in parallel and to appoint a re-
sponsible person who will perform a certain amount of
work with clearly defined criteria. This allows to qualita-
tively plan, track progress in working on a particular ele-
ment, assess its complexity, determine the time and mate-
rial costs required for it. As a result, the whole project man-
agement process becomes more flexible and controlled [7].

The WBS approach is very useful in the context of im-
plementing the transition from a comprehensive document
with a full set of requirements to individual elements of
work, which can be detailed into elementary sets of tasks
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to be performed in a single time period by a competent per-
son. Such small tasks will be the basis for further entries in
the task management system.

After the WBS was created, a schedule was assigned to
all tasks, then the entire set of tasks is defined. When each
task in this set has been described, all tasks can be system-
atized and presented in the form of a comparative table,
which contains all the necessary information to solve the
problem, namely to form a team of developers to imple-
ment the project. Information about the executors of the
tasks is not provided, because it is created to identify them.

Table 1 An example of a comparative table of tasks to problem formulation

ID Complexity | Date of start | Deadline Specialty | Level Skills

P-1 | 10h 20.07.2020 21.07.2020 | Developer | Junior Java SE, Spring

P-2 | 10h 20.07.2020 21.07.2020 | BA Middle Domain

P-3 | 12h 21.07.2020 22.07.2020 | Developer | Junior Java SE

P-4 10h 21.07.2020 22.07.2020 | QA Junior Selenium, Manual

P-5 | 8h 22.07.2020 22.07.2020 | Developer | Junior Java SE, Spring

P-6 | 14h 23.07.2020 24.07.2020 | QA Middle Selenium, Auto-testing

Once the project schedule has been determined, it is nec-
essary to solve the problem of implementing a set of tasks
for which their place in the schedule has already been de-
termined. In this case, the schedule can be determined
without specifying additional conditions for available re-
sources. The next task is to select the team that will work
on the project. Even if the available resources are not suf-
ficient to meet the needs of the project, it is important to
allocate the available resources to identify team members
for as many tasks as possible. Therefore, the statement of
the problem, which was adapted for the task of finding the
maximum number of workers to perform the tasks, can be
described as follows:

—set of tasks N = {L,...n} is given;

— set of employees K = {],k} is given;

—atany given time (for example, on working days) there
is an available number Q, of k worker's resource units (for
example, in working hours);

—the values p, >0 that describe the required duration
of thetask i (i=1...n) are given;

— during the implementation the amount of g, <Q, re-
source units of k (g, =p,) worker is needed, if this
worker was identified as the executor of this task i (
@, (1) =1) (the worker after the completion of the task is
completely free to perform other tasks);

—the values z;, are determined, that define whether the
worker k has the necessary skills to perform the taski ;
z,. =1 if the sets of skills, specialties and level required to
perform the task are subsets of the worker’s k skills, spe-
cialties and level;

— the values ¢, (t) are given; ¢, (t)=1, if worker k
was identified as the executor of the task i, performed at a
time t, and ¢, (t) =0 in other case.

The goal is to maximize the L value (number of tasks
assigned to performers):

L= i¢ik(t) .
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This requires that several restrictions should be met,
namely:

1) the task must be provided with the necessary amount
of resources for its implementation: at any time
t[0,C,..) (C,.— the day of completion of the last task

of the project, the deadline of the project) restrictions must
be observed:

Zn‘,wik(t)'qi <Qy(1).

2) for each task, the worker must have all the necessary
skills to perform it, i.e. the relation of implication must be
fulfilled:

o) =1—>7, =1.

To determine the maximum number of workers for
tasks, we can propose the next criterion of the priority. The
most foreground task to select is the one with the least
number of workers able to perform this task (i.e., for which
all limitations given in the problem statement are fulfill).

For instance, the set of tasks N consists of two ele-
ments, and the set of workers K consists of three elements.
If the first task under these restrictions can be performed
by only one worker, and the other task can be performed
by all three workers, then the value L will be maximum if
we start with the first task for which there are the least num-
ber of capable workers L=2. However, the maximum
value is not guaranteed if the criterion mentioned above is
not met (if a person who can perform the first task is ap-
pointed to perform the second, after which it becomes pos-
sible to violate the restrictions for the first task, i.e. L=1

The idea of the algorithm for solving the problem of a
team formation is to appoint a person who can perform task
and at the same time, this person can solve the least number
of other project tasks for which no executors have yet been
identified.

Several auxiliary associative arrays are proposed for the
implementation of the algorithm. The first of them repre-
sents a set of tasks x. € X,i ={L,...n}, where for every x;

exist the set of appropriate workers. That is, those who
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have time to complete the task x; and who can perform this
task on the basis of available skills, specialization and
level. The second array represents the set
y; €Y, j={L...K}, where the corresponding value for a
person y; is the set of tasks that can be performed by this
person. Also at the stage of determining the executor for
the task, an auxiliary associative array O can be used,
which contains o, € x;,i ={L,...n} the correspondence of
the worker and the set of tasks that this worker can perform,

taking into account the time required to complete the task
X .

®
\y

An algorithm is suggested to solve the problem of a pro-
ject team selection in the form of a diagram of activities
(Fig. 1).

Conclusions. The article outlines some specific issues
of software development projects in IT companies. It iden-
tifies how project management system and task manage-
ment systems may both benefits from process of successful
project implementation. Main approaches of project team
formation are analyzed, we presented the mathematical
model and algorithm how that issue may be solved is sug-
gested.
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Figure 1. Employee selection for the project team formation
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