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Project management is the application of knowledge, skills, tools and methods of project
performance analysis to meet their key needs. Such project management is based on a systematic
approach implemented by the project team. In the IT sphere, the project has signs of temporality
and uniqueness. The project is temporary, because it has a defined beginning and limitations
on the time of implementation, which determine its scope and resources. The project is unique
because it is a certain set of operations designed to achieve a singular goal. Therefore, the project
team should include people who will ensure the optimal execution of the specified operations in
terms of time and financial resources, focusing on achieving the business goal of the project.

The article considers the main factors of IT project team formation, including the compliance
of the employee s knowledge with the requirements of the task, the employee s workload for a certain
period of time, the time and cost of completing a certain task. Mathematical methods and models that
allow effective selection of alternatives in decision-making were considered. In particular, among
such methods, the multi-criteria task of appointing potential members of the development team
based on the expert method of assessing professional skills was considered. The specificity of this
methodology involves comparing employees of the same or similar professions among themselves.
The comparison is made according to one or several parameters of the evaluation of employees’
competencies. These parameters are chosen depending on the specific content of the task that
the employee must perform, since different types of work make different, and sometimes diametrically
opposed, demands on the performers. The practical value of such a method lies in providing
managers with the possibility of a simplified project management process, when the allocation
of executors to work is considered as a multi-criteria assignment task, which can be expanded due
to the formation of a calendar plan of tasks and redistribution of workload. The project calendar
reflects the main obligations regarding the content, terms and main stages of project implementation
and becomes mandatory after signing contracts with customers

Key words: IT project management, multi-criteria optimization, assignment task, software
development, team, calendar plan.

Heueonooa JI. B., Ileguenxko H. I0. Iliosuwenna egexmuenocmi ynpaeninus
IT-npoexmamu i3 3acmMocy8anHAM KOMNIEKCHOI MEMOOUKU PO3NOOILTIYy 6UKOHABYIE HA pOOOmMU

Vnpaeninus npoexmamu — ye 3acmocysans 3HaHb, HABUHOK, IHCIMPYMEHMIE MA MEMOOi8 aHaNi3y
BUKOHAHHSI NPOEKMIG 0718 3a0080eHHs IX Kouosux nompe6b p. Taxe ynpaeninms npoekmom 6asy-
€MbCSL HA CUCTNEMHOMY NIOX00i, KUl peanizye komanoa npockmy. B IT-cghepi npoekm mae o3naxu
mumuacosocmi ma yHikanoHocmi. IIpoekm mumuacoguii, 60 Mae 8UHAYEHUL ROYAMOK | 0OMedHCcenHsl
3a yacom peanizayil, Wo eusHaUaOMy 1o2o oocse ma pecypcu. Ipoexkm yuixanvruil, 00 sA613€ 06010
negHuil HabIp onepayill, NPUSHAYEHUX Ol OOCASHEeHHA cUneYIsApHOi memu. Tomy KomanOa npoekny
HOBUHHA BKIIOYAMU TI0O0€l, SIKI 3a0e3neuamb OnMUMAatbHe GUKOHANHS 3a3HAYEeHUX ONepayill 3 MoKy
30py "acy ma QIiHaAHCOBUX KOWMIG 3 POKYCYBAHHAM HA OOCACHEHHS OI3HeC-MEmu NPOEKMY.
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B cmammi po3zenadaiomsca ocHO8HI axkmopu gopmysanns komanou IT-npoekmy, xaio-
yQIouU BIONOBIOHICHb 3HAHL NPAYIBHUKA BUMO2AM 3A60AHHS, 3A6AHMANCEHICMb POOIMHUKA 3d
BUZHAYeHUU Nepiood uacy, 4ac ma 6apmicmv 6UKOHAHHS Ne6HO20 3a60aHHs. Bynu posensnymi
Mamemamuiri Memoou ma mooeni, wo 003601A10Mb 30IUCHIOBaMU epeKmusHuU 6UOIp anbmep-
Hamue y nputinammi piuens. 30Kkpema ceped maxkux memooie Oyio po3eisHymo 6azamoxpu-
mepianbHy 3a0auy npo npusHauenus Ha 6a3i eKCnepmHo20 Memooa OYiHIo8aHHs NPOQecitinux
HABUYOK NOMEHYIUIHUX UTIeHi8 KOMaHOU po3pobrukis. Cneyugixa 0anoi memoouxu nepeddbavae
NOpIGHAHHA NPAYIBHUKIE 0OHIET abo cxoxcux 3a smicmom npogheciti mise coboro. ITlopieHaHHs
npoBOOUMbCSL NO OOHOMY a00 OEKiIbKOM napamempam OYIHKU KOMNEMmeHYill NpayieHUKIe.
L{i napamempu 06uparomvcs 6 3a1eACHOCHI 8i0 KOHKPEMHO20 3MICMY 3A80AHHS, SKe NPAYIGHUK
NOBUHEH GUKOHAMU, OCKLIbKU PI3HI 8UOU POOIM GUCY8AIOMb PI3HI, A THOOI — OlAMEeMPAbHO NPO-
MunexcHi eumozu 00 euxkoHasyie. Ilpaxmuyuna yinHicms Mmarkoi MemoouKu noasedac y HAOaHHi
MEHEeOHCEPAM MONCIUBOCHI CHPOUIEHO20 NPoYecy YNPAGIIHHA NPOECKMOM, KOIU PO3NOOLN GUKO-
Hasyie Ha pobomu po3enadacmspcs AK 0a2amoKpumepianbHa 3a0a4a NPUSHAYEHHS, W0 MOdce
Oymu posuwiupena 3a paxyHox (opmyeanHs KaleHOapHo20 WIAHY 3a80aHb ma nepepo3nooiny
pobouoeo Hasanmadxcenus. Kanenoapuuil nian npoexkmy 6i000paxicae OCHOBHI 30008 s13aHHs
w000 3micny, CmMpoKi6 ma OCHOBHUX emanie peanizayii npoekny ma cmae 0606 sA3K08UM Nics
RIONUCAHHS KOHMPAKMIE 3 3AMOBHUKAMU.

Knrwwuosi cnosa: ynpasninna IT-npoekmamu, bazamoxpumepiaibia onmumizayis, 3a0aya
NPO NPUSHAYEHHS, PO3POOKA NPOSPAMHO20 3a0e3neueHHs, KOMaHOd, KareHOapHUll naan.

Introduction. The competitiveness of any IT company is directly proportional to
the effectiveness of project management that it implements. Therefore, the increase
in the complexity of projects, the increase in requirements for the terms of their
implementation, the quality of work, technical and technological complexity make it
necessary to find new methods of effective project management [1]. The project team
is the driving force of the project, and therefore needs special attention when defining
the project management strategy. . The correct assignment of team members to perform
certain tasks will contribute to increasing not only labor productivity, but also the loyalty
of team members, their interest in achieving the value of the developed product [2].

The Ukrainian market of information technologies offers a large number of software
products for solving urgent personnel management problems and assigning employees to
tasks. However, in these software products, the assignment is usually fixed “manually”
by managers who are guided by professional experience and logic. Automating
the appointment process will speed up the duration of this stage and significantly reduce
the costs of forming teams, and reduce the likelihood of incorrect selection.

Analysis ofrecentresearch and publications. In general, the following mathematical
methods and models can be used to solve labor resource allocation problems:

— linear optimization models;

— methods of dynamic programming;

— methods of network programming;

— methods are based on transport networks;

— methods of dichotomous programming;

— heuristic methods;

— methods of solving the multi-criteria assignment problem [3].

To date, the works of famous foreign and domestic scientists, such as A. Marshall,
M. Porter, A. Voronin, O. I. Zamora, E. P. Kachan, A. Pastukh, V. A. are devoted to
the problem of effective use of labor resources. Romanyshin, V. V. Travin, V. M. Geetsya,
M. 1. Dolishniy, V. V. Onikiyenko, L. I. Abalkin, N. A. Gorelov, T. 1. Zaslavska,
A. P. Kochetkov, D. Bella, V. L. Inozemtseva, E. Toffler.

The task of assigning performers, which takes into account professional, personal,
socio-communicative and other criteria, is called a multi-criteria assignment task
(MCAT) from a mathematical point of view. The scientific article by S. V. Levin [4]
describes the method of solving the assignment problem with an arbitrary number
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of linear criteria. The approach consists in solving single-criteria assignment problems
in the form of linear programming problems separately for each criterion and then
obtaining a compromise solution that deviates minimally from private solutions. The
criteria are assumed to be of equal importance.

In the work of O. E. Skvorchevsky [5] presents the analysis of methods for solving
assignment problems with several optimality criteria using the method of sequential
optimization for each of the criteria with the subsequent introduction of economically
justified concessions for the extreme values of each of the objective functions.

In the model of V. A. Lotov and 1. I. Pospelova [6], the solution of the MCAT
is proposed using methods of fuzzy logic, namely, using fuzzy binary relations.
Compositions of the original fuzzy relations are used to determine the suitability
of candidates for assignment.

Therefore, much attention is paid to the problem of MCAT and approaches to its
solution in the scientific literature. However, the issue of using these approaches to
managing IT teams still requires methodological development and modification to
the specifics of the industry.

The aim of research. The purpose of the study is to develop a methodology for
forming the composition of the IT team as an element of the management strategy to
increase the effectiveness of the implementation of the IT project.

Methods, subject and object of research. The object of research is the IT project
management process.

The subject of research is methods and models of project team formation.

Proposed mathematical model. From a mathematical point of view, the task
of forming the composition of the IT team will be presented as a multi-criteria assignment
task. The task consists in the distribution of different subjects by different objects,
taking into account the characteristics (indicators) of the subject, which must meet
the requirements of the objects to a certain extent [7].

In our case, the object is a project, depending on the type, the composition of the team
is formed according to a different template.

Ateam template is a team construct that consists of a list of roles and role requirements:

P(i)zpl,p2,...,pn, )

where P(i) — an array of requirements for the i-th role;

pl,p2,...pn—arequirement for a candidate for role.

After determining the team template, the process of selecting candidates for each
role begins:

1) selection of potential team members;

2) checking for overloading of a team member by other projects;

3) calculation of criteria according to knowledge;

4) determination of the final coefficient of conformity to the role.

A task is a complex set of activities aimed at achieving a business goal. Depending
on the size of the project, the team may consist of different numbers of participants.

For the performance of each task there are certain requirements for knowledge that
can be submitted in the form of some data array:

0(/j)=41.92,....qn, )

where Q(j) — the array of the j-th task;
ql, g2, ..., gn — criterion by a defined skill.
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A similar array with criteria for the task is formed for a set of knowledge assessments
of each team member:

K(i)=41,q2,....qn, 3)

where K(i) — the array of i-th skill scores team member,

k1, k2, ..., kn —the assessment of a defined skill.

To evaluate the knowledge requirements, it is suggested to use the method of expert
evaluations [8] on a scale from 1 to 10 (where 10 is the greatest difficulty in the task).
Each team member is tested to assess their skills.

Selection of participants is done sequentially for each role in the team. The algorithm
includes 6 stages:

- formation of a calendar plan;

- selection of potential team members;

- overload check;

- calculation of criteria according to knowledge;

- forming the economic feasibility of involving a participant;

- calculation of the final coefficient.

Project and technological documents that establish a complete list of project works,
their interrelationship, sequence and deadlines, duration requirements, as well as
resources necessary for the implementation of works are called calendar plans. Calendar
plans are drawn up for the entire life cycle of the project and separately for its stages, for
different levels of management and project participants [9].

Stages of calendar planning:

- drawing up a structural decomposition of works (SDW);

- determination of the list of project tasks based on SDW;

- determining the sequence of works and their interrelationships using organizational
and technological models;

- clarification of time limits;

- determining the duration of works;

- optimization of the project work schedule with time criteria;

- approval of calendar plans.

The determination of the early start of work is carried out according to the formula:

D, =D, +1, “)

where D, — early start of work;
D, — early start of the task preceding D ;
¢, — the duration of the task D..
If the task has several predecessors the following formula is used:

D, = Max(D+t), ®)]

where D+t — the set of the early start and duration sums of the tasks preceding the
given one.

In the next step, the time reserve is calculated, which appears when several tasks are
performed in parallel:
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T,=D,-D,

i+1

+1, (6)

where T, — time reserve for the i-th task;
D, — early start of execution for the i-th task;
D, , — early start of execution for the i+/ task;
¢, — execution time for the i-th task [10].
At the stage of selecting potential team members, a pairwise comparison of task

requirements and skill ratings of each participant is performed:

0,if ¢, >k;,
:{ v, >k, )

! \1,inother cases,

where ejfthe result of comparing the requirements of the task and the skills of p team
members according to the j-th criterion.

If all e, are equal to 1, then the participant is admitted to the stage of involvement in
the team.

The stage of checking the employment of a potential participant involves calendar
planning (Table 1).

Table 1
Calendar plan
Team member
Date wl w2 wk
dl ell el2 elk
d2 e2l e22 e2k
dl ell el2 elk

The table shows:

- set W=(wl, w2, ..., wk) — set of participants, £ — number of participants;

- setD=(dl, d2, ..., dl)— a time interval of / days;

- elk— employment of the k-th participant on the d/-th day.

If the potential member of the team does not have a task-free interval of sufficient
length, then he is not included in the team.

To calculate the criteria for matching the potential participant’s knowledge to
the requirements of the task, it is advisable to use metrics from the theory of measurements
[8; 10].

The metric makes it possible to compare how close the potential participant’s
knowledge is to the requirements of the task.

The metric in the space R" of the vectors Q =(q/, ¢2,..., qn) and K= (kl, k2,... , kn)
is calculated according to the following formula:

d(k,q>=Ji(k<j>—q(f>)z | ®

J=1

At the stage of formation of the economic feasibility of involvement, criterion G is
calculated — the workload criterion of a potential team member. The criterion determines
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how much a potential participansat was loaded during a certain period of time (for
example, during a week):

Gli]=(F+E+A)/P, )

where P — Is the number of scheduled hours for the selected time period;

F — the actual number of hours worked;

E — the number of hours missed due to illness;

A — the number of hours missed due to the fact that the participant’s registration has
passed after the start of a certain period of time.

The final coefficient of “inclusion” of a potential participant in the project team is
calculated according to the formula:

N[i]=R[i]+ﬁ, (10)

where N[i] — the final coefficient.
Participants with the lowest final coefficient are selected for project implementation.
Based on the described methodology, an informational one was created using
the Laravel framework and the PHP language (Fig. 1). In order to view information
about the worker, you need to click on the line with the worker’s name on the main page

(Fig. 2).
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Fig. 1. The task detail view page
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Fig. 2. Detailed information about the worker

Conclusions. The proposed complex method of forming the composition of the IT
project team is based on the solution of the multi-criteria assignment problem using
metrics, calendar planning and calculating the workload of workers. Two templates
of team formation were proposed: for the project and for the task within the project.
The difference is that when forming a development team for a project, an analysis
of'the company’s employees is performed, and for a task —among members of the project
team. The critical path method was chosen to form the calendar plan, which consists in
calculating the early start of work, late start of work and determining the time reserve
for each task. The selection of the composition of the development team is based
on an assessment of the knowledge and workload of potential team members. Such
a comprehensive approach allows to reduce the time of formation of the project team
and eliminates the risk of wrong assignment.
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