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MATHEMATICAL MODEL OF SOFTWARE DEVELOPMENT PROJECT TEAM
COMPOSITION OPTIMIZATION WITH FUZZY INITIAL DATA

Increasingly frequent changes in demand for products, reducing product life cycles, changes in the business
environment during a crisis, the innovative nature of projects, the complexity of forecasting external and inter-
nal conditions, the impact of the human factor lead to increased uncertainty and inability to plan team activi-
ties with a given degree of accuracy. In this regard, the subject matter of the article is the task of creating an
adaptive project team that can work effectively in the mentioned above conditions. This task is especially rele-
vant for the sphere of software development. The sphere is dynamic and characterized by frequent changes in
product requirements, technologies, working conditions, and restrictions on project implementation. Agile ap-
proaches are used to manage such projects, which can help the team respond to uncertainties and frequent
changes. To date, there are many agile approaches to project management, but the issue of selecting team
members in such approaches is insufficiently covered. Therefore, this work formalizes the task of deciding on
the selection of software development team members, considering the uncertainty and subjectivity of the infor-
mation that affects the selection of candidates for the team. The task of the work is to create a decision-making
model based on the use of the mathematical apparatus of fuzzy sets and methods of operations research. Such
a model should allow considering the uncertainty of estimates of project requirements and the level of compe-
tence of team candidates. The result is a mathematical model of a two-criterion constrained optimization
problem. The first objective function is aimed at finding a team composition that maximizes the maximum com-
petencies of its members. The second criterion is aimed at forming a team with the maximum sum of competen-
cies for all indicators, considering the weight of each indicator. The first constraint assumes that at least one
team member meets the competency requirements expressed by a specific indicator. Additionally, it is required
that the available time fund of the team members allows the project to be completed on time. It considers the
limitation on the salary of the team. Conclusions. Solving the problem in accordance with the proposed math-
ematical model will allow making a team as readily as possible to meet the existing and new requirements for
the project staff. The last circumstance is especially important when implementing a software development
projects.

Keywords: software; development; team creation; model; fuzzy sets; Agile; Scrum; maximization of competen-
cies.

need to pay more attention to the process of selecting
team  members.  Cross-functionality and  self-

Introduction

Software development companies often face prob-
lems related to running out of implementing time, fol-
lowing cost plans, user requirements, or the necessary
quality of the product. Possible causes of these prob-
lems can be caused by poor project management and
inadequate execution of work. In turn, for these reasons,
there is one common thing — insufficiently qualified
staff. Software project staffing is one of the most vul-
nerable elements in the software development project
management process. In software development projects,
people are the main resource. To deliver the software
product in an agreed scope and budget, the development
team must have the necessary qualification. It is known
from practice that even a team consisting of the best
specialists can fail when there is a lack of communica-
tion, the ability to cooperate and compromise as well as
coherence within the team. All these factors lead to the

organization of the team require mature social behavior
from team members, in particular in the field of com-
munication, decision-making, motivation, and commit-
ment to joint action. The necessary qualities of the team
members can be described by the appropriate compe-
tencies.

Taking into account the above factors, the problem
of project team creation can be defined as the selection
of project team members by comparing the competen-
cies of the candidates and the required competencies in
the context of the project to improve the potential quali-
ty of the created team. The aim of this paper is the
formalization of the task of deciding on the composition
of the software development team, taking into account
the uncertainty and subjectivity of information that af-
fects the selection of candidates for the team.
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1. Literature Review

Modern research confirms that the human factor
significantly affects the successful implementation of
the project, so the development of a method for the
creation of an effective team is an urgent task. As the
analysis of current research shows, new methods of
forming requirements for candidates for an effective
project team can use a fuzzy approach.

In the works [1, 2] a model for determining the co-
hesion of the IT team, which is based on the so-called
"role patterns" and the paradigm of fuzzy logic. Also
in [1], a model of team member selection based on deci-
sion-making in a fuzzy environment is proposed. The
authors formulate the task as the selection of the best
candidate for a certain role in the team, which is a limi-
tation for team creation in the context of agile project
management methodologies. In [3], a model of person-
nel selection for a multi-stage project was developed,
which takes into account the correspondence between
the skills possessed by each person, the skills required
for each development stage, and quite flexible budget
requirements. An algorithm is proposed which uses a
fuzzy compatibility design to measure the compliance
of a set of individual skills with the goal set for each
phase of the project. The authors of [3] tried to deter-
mine the team that has the best team skills and considers
budget constraints and quality requirements, but the
main focus is on meeting the requirements of potential
customers and the necessary skills.

The authors of the study [4] propose a modified
fuzzy approach to the selection of project teams, which
combines models of decision-making on several criteria
with dynamic weight for each parameter. The main de-
sign parameters in this model are the conversion of in-
put data into a fuzzy form, the calculation of the degree
of membership, and the calculation of nondeterministic
values based on estimates of membership and lack of
membership, with a fuzzy conclusion is converted into a
clear set known as defuzzification. The authors assert
that this method helps to determine the most qualified
candidates in the order of their abilities from the group
of applicants. In this case, the overall assessment of the
created team is not carried out, which limits the practi-
cal application of the proposed approach. Using the
fuzzy method and expert assessments are typical for the
process of decision-making in project team manage-
ment. Thus, the authors of [5] proposed the method of
information support for the project monitoring and con-
trol method, which will provide information on resource
and risk load requirements of the project and can allow
making informed decisions on strategies of interaction
with the team.

In the work [6], an approach is considered to pro-
vide an alternative solution to the problem of team

building based on clustering of arrays, which allows
forming groups of candidates based on the similarity of
tasks they can perform. The authors [6] pay attention to
the importance of taking into account the competencies
of candidates in creating a team and emphasize three
levels of evaluation of candidates: static, functional, and
dynamic. A fuzzy relationship approach is proposed to
determine a candidate's suitability for the team. Howev-
er, this approach has some limitations when the set of
all tasks is not yet defined or may change.

In [7], the authors built a system that mimics the
Scrum framework with management processes and roles
in the project. To implement the Scrum processes, the
ontology is proposed, and for the team-member role
competencies, the project team members — a fuzzy-
logical representation. As a result, the authors present a
hybrid fuzzy-ontological system. The work [8] is devot-
ed to the creation of a fuzzy genetic analytical model for
the problem of creating a project team. The authors note
that the requirements of the project and the competence
of the candidates are usually presented verbally, which
causes unclear assessments. In [8] it is proposed to use
fuzzy logic and genetic algorithm to find the optimal
solution for the composition of the team, the proposed
approach requires prior data preparation and significant
computational resources.

In the work [9 the authors present a method and
tools for modeling competencies for project knowledge
management. Based on the use of a fuzzy competency
model, they propose an algorithm for expanding group
competencies, which takes into account the costs of
expanding the competencies of the project team.

In [10, 11] the assessment of the project team is al-
so determined in the context of competence develop-
ment. The Agile approach model is used to assess the
competency patterns of the IT project management team
and the entrepreneurial potential of the IT project team.
These two models are used as templates to analyze the
success of the team.

When creating a project team, decision-makers of-
ten face the problem of having several criteria that make
the selection task more difficult. In [12], an approach to
decision-making is proposed, which includes global
optimization based on a genetic algorithm. To solve the
problem of team creation, a multicriteria problem is
solved, the authors present the results of numerical ex-
periments that show the effectiveness of the proposed
algorithm. The authors of [13] describe an experiment
in which team performance is evaluated by intelligent
agents using fuzzy logic. The results show that intelli-
gent agents can perceive and critically evaluate the work
of the team. [14] also presents a fuzzy multi-agent mod-
el for creating a group based on nine roles defined by
the Belbin typology, using strengths and ideal responsi-
bilities for each role of a team member. Researchers use
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a fuzzy logic approach to balance different working
groups based on existing roles. It is also necessary to
add, that the managing team includes human resources
risk management. The authors of [15] assume that using
psychophysiological techniques it’s possible to avoid
such risks and as a result improve the efficiency of the
project team.

To identify qualified teams for software develop-
ment, it is necessary to compare the technical experi-
ence of the development teams with the specific tech-
nical requirements, which are caused by the different
objectives of the project. In this context, the work [16]
proposes a fuzzy approach to support the selection pro-
cesses of distributed groups of developers who have the
technical skills to implement software modules in dis-
tributed software development projects. The proposed
approach formalizes the extremely complex problem of
team creation following the technical requirements of
the project and can be useful in the process of creating
distributed development teams.

Thus, the analysis of the state of research on the
creation of the software development team shows that
this task is complex, poorly structured, and multi-
criteria. To formalize the task, it is necessary to deter-
mine the competencies and technical skills of candi-
dates, compare them with the requirements of the pro-
ject, as well as assess the competencies of the team as a
whole. Typically, researchers use approaches based on
fuzzy logic and fuzzy sets to solve this class of prob-
lems.

2. Problem statement

The project team must be flexible and adaptable.
According to the Scrum framework, an important factor
influencing the creation of an effective team is to ensure
the ability to self-organize and cross-functionality of the
team. Members of the software development team have
specialized competencies in certain areas, but the over-
all team is responsible for the work. This leads to the
need to solve the problem of team creation as a process
of selecting candidates who have all the professional
competencies at a certain level and are able as a team to
meet the requirements of the project. The method of
team creation is considered in detail in [17, 18, 19],
where are such stages as:

—creation of a set of candidates based on assess-
ments of their competencies and compliance of candi-
dates with the requirements of the project;

—determination of team options under the re-
quirements of the project, taking into account the time
constraints of the project and budget constraints;

—determining the optimal composition of the soft-
ware development team based on certain tasks.

Given the inaccuracy of estimates and some uncer-
tainty of the requirements for candidates for the project
team, it is proposed to formalize the problem of creating
a project team based on the mathematical apparatus of
fuzzy sets.

3. Formalization of the task

To formalize the problem, let us introduce the fol-
lowing notation (Table 1).

To assess the candidate, we need to create a set of
indicators, the values of which together characterize the
properties of the candidate and allow us to assess it in
relation to the requirements of the project. At the first
stage, the set of candidates is determined on the basis of
assessments of their compliance with the project re-
quirements. At the second stage, we form options for a
potential team. If there is more than one option, we
move on to the third stage, i.e. to the creation of the
optimal team. Given the uncertainty of the requirements
for candidates, which are usually expressed in text form,
as well as the impossibility of measuring the character-
istics of candidates, which leads to the use of a subjec-
tive evaluation scale, it is proposed to formalize the task
of creating a project team based on fuzzy sets.

Table 1
Notations and definitions

Notation Definition

A set of indicator numbers, the
values of which together char-
acterize all candidates and allow
to evaluate them in regards to
all project requirements

The common scale for assessing

K=1{2,..,m}

Q={gi:i=1..¢} | candidates' requirements
Clear assessment of require-
ments by indicator keK,
which is expressed on the scale
gk €QkeK Q and expresses the desired lev-

el of k-th indicator from the
project requirements point of
view

Fuzzy set, which defines fuzzy
assessment for the project re-
quirements  k-th  indicator,
keK; ka(q)e[O,l] — mem-

o

qeQ _ . ,
bership function defined on a

fuzzy set carrier g € Q.

A set of candidates for the pro-
ject team

N={2,..n}
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Continuation of the Table 1

Notation Definition

_ Clear assessment of the compe-
Cjk €Q, ke K, | tencies of j-th candidate by in-
jeN dicator k

Fuzzy set, which defines fuzzy
~ <Cv“6- (C)> assessment of the competencies
Cik = a of the j-th candidate by indica-

CeQ

tork, je N,keK

Fuzzy set, which defines fuzzy
assessment of the compliance of
the j-th candidate with project
requirements by the indicator k,
jeN,keK

The matrix of compliance of
candidates with the require-
ments of the project, where

ugjk(X) =

=min XGQ{qu(X)uajk (X)}

membership function, which
determines the compliance of
competencies of the j-th candi-
date in regards to the k-th re-
quirements of the project
Assignment matrix — diagonal
matrix, elements of the main

diagonal xjj {04}, j=1,n de-

Xg = (xip )i,
p=Ln
termine whether the candidate

selected to the g-th team option
Available time of the j-th candi-

timej :

. ) date for the project work, hours
j= 12,0} per week

rate; Cost of a working hour of the j
jef2,..,n} — the candidate (salary rate)
Cost Labor costs of the team (budg-

et), conventional units

The laboriousness of the pro-
ject, which was estimated at the
stage of formation of require-
ments for team competencies,
person-hours

Time of the project implementa-
tion, weeks

Laboriousness

Let us consider the technology of forming criteria.
A set of indicators has been introduced to assess candi-
dates in relation to project requirements K= {],2 m}

the values of which together characterize all candidates
and allow to evaluate them in relation to all project re-
quirements [19]. First, for each indicator, ke K it is
necessary to define the value, which meets the project
requirements. Let us consider gy — is a numerical as-
sessment of the requirements expressed by the indicator
keK, ie. Qg express the desired level of the k-th
characteristic of the contractor in the context of the pro-
ject requirements. Given the subjective nature of the
formation of such an assessment, we use a fuzzy as-
sessment that corresponds to the expression ‘the indica-
tor k should be approximately on the same level with
Qi or higher. To formalize such assessments, let us

denote a fuzzy set Qi as a group of values gk €Q, in

respect of which it is not possible to state with complete
certainty whether this or that element belongs to a given

group or not. Mathematically the fuzzy set Qy is de-
fined as a set of ordered pairs like: <q, ka(q) >,
where g€ Q, is an element of the accepted scale on the
project, and qu(q)— is a membership function that

matches each of the elements q e Q, some real number
from the interval [0,1]. The membership function
nQ, () defines the certainty, with what the values of
assessments g on the scale Q belong to the fuzzy set
Gk . The set Q is the carrier of a fuzzy set ﬁk . So, the

fuzzy set 6k defines the desired project assessment of
the candidates’ characteristics for the team by k—th indi-
cator. Given the semantic significance of the require-
ments for candidates, we define the membership func-
tion ng, () atthe following way:

0, g<0y —Agy
q— Ty + A0y

— » O —ATQ <q<0qy (D)
Ay J

o, (@) = (

1 gk <q

where Gy €Q - the desired clear level of the k-th indi-
cator, ke K, AQx — permissible from the point of view
of the project deviation from the level gy, Q — assess-
ment scale, o — parameter.

The geometric interpretation of the membership
function (1) is shown on the Fig. 1. The view of the
function (1) on the interval (Qx —AQk,qk) is defined
by the parameter a.eR, (in a case a=1 it is linear
dependence). Next, to simplify the presentation, we as-
sume that o =1.Then, the membership function (1) has

a partially linear view and is characterized by 3 inter-
vals:



Information technologies in education and project management

153

1) <@k —Adk, where uqg, (@) =0;

2) Ok —AQk <q<Qk,where

9-0dk +Adk
Adk

HQ, (@)= is strictly monotonously grow-

ing;

3) AGk <d, Ak <q, Where pq, (q)=1Lie. it
takes its maximum value.

The interval AQy <q, is the nucleus of the fuzzy

set Gk . According to the definition given in [19], the
membership function HQ, (9) is unimodal, and the cor-

responding fuzzy set Qi project requirements by k-th
indicator is unimodal. In this case, the value q is

modal value or mode of the fuzzy set Q .

JZA

Ha,, (q)

Yo

Fig. 1. Geometric interpretation of the membership
function “Ejk(C)

At the next step, after interviews with candidates,
for each candidate, it is necessary to form assessments
of their competencies for each ke K indicator. Let us

denote (_'Ijk € Q- is a clear assessment of the compe-

tencies of j-th candidate by indicator k, ke K [19].
Given the subjectivity of the assessment of competen-
cies, we will assume that for each indicator, each candi-
date is characterized by a fuzzy number, which can be
interpreted using the following statement: ‘assessments
of candidate’s competencies by k-th indicator approxi-

mately corresponds the level of Ejk. To formalize the
assessment of candidates' competencies, we denote a
fuzzy set Cik with carrier CeQ and membership

function pgj (C) €[0,1]

Ejk :{<C,Ha_ (C)>,C€Q}, jEN, k e K
jk

So, the fuzzy set C jk defines real (received as re-

sults of interviews) assessments of candidates’ charac-
teristics by k-th indicator. Given the semantic signifi-
cance of the obtained assessments of competencies, we
define the membership function uéjk(C) in the follow-

ing way:
0, c=ciy;
_cf®)
CA, c{® <C<Cyy:
Ci —clw ' .
ik ik
peik(©) =9 c®) _c ., (2)
(BJ;(—_, Cik SCSC%E);
Cik’ —Cik
0, c=cip

where jeN, ke K, CeQ, C_ij €Q — clear assess-
ment of the competencies of the j—th candidate by indi-
cator k, Q — a scale of the assessment, p; (C) €[0,1],
CEE)I CEE)

(@) « & (B)
C¥ <C, <CY.

membership  function  parameters,

Graphical interpretation of the membership func-
tion “Cjk(c) is shown on the Figure 2.

&

®
Cik

—
=

—

=

Fig. 2. Graphical interpretation of the membership
function “éjk ©

The proposed membership function uajk(C) isa

special case of membership functions (R—L)- type —

triangular function.

To form a set of candidates based on the assess-
ment of their competencies in accordance with the pro-
ject requirements, it is necessary to compare the re-
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quirements for the candidate and the assessment of the
candidate's competencies.

Definition 1. The intersection of two fuzzy sets A

and B, defined on the universe X is called C=ANB,
the membership function of which is found in the fol-
lowing way [20]:

HE 09 = min 1z (9. 15 00}

On the set of candidates, it is possible to define an
evaluation of compliance of each candidate concerning
each requirement of the project as a crossing of two

fuzzy sets: project requirements ak and candidate’s
competencies ajk- Then, according to the mentioned

above definition 1, fuzzy set X jko which is the assess-

ment of compliance of the j-th candidate to the require-
ments by the indicator k, k eK,is formed as a set of

ordered pairs <X, “Xjk(x)>' where xeQ, a
u;(jk(x) — the membership function, which can be

found as follows:

15300 = i g, (., 00 k=Tm.=Tn

The graphic interpretation of the ‘compliance’ of
the j-th candidacy with the project requirements is
shown on the Figure 3.

Fig. 3. Graphic interpretation of the membership
function HE. ©
jk

The expert will be considered as a candidate if at least
one criterion meets the requirements of the project, so
for the j-th candidate among the sets of compliance as-

sessments >~<jk there is at least one set, which has a val-

ue of u;(jk(ocjk) is not less than vy (where vy is a

threshold, for example, vy = 0,5). The threshold defines
the minimum value of the membership function that
allows meeting the requirements of the project.

Then it is possible to form a matrix of compliance
of candidates with the project requirements. The com-
pliance matrix is built from the membership functions
obtained as the intersection of the membership function
for j-th candidate by k-th indicator and the member-
ship function of k-th requirement to the candidates,
jzl,_n, k=1m. The formed compliance matrix of all

candidates can be defined as follows:

Conf = (g k(X)) i =
k=1,m

Hg11(X)  pga2(X) Hgim (X)
_| rxa1(®) mga2(x) Hs2m (X)
Hgn1(X)  Rgn2(X) Hgnm (X)

For each element of the matrix Conf it’s necessary
to calculate the coordinate value of the membership
function mode of the fuzzy set for compliance of the j-th

candidate with k-th requirement, i.e. ajk()?jk)

i (Xjk) =
0, if CP<q,-Aq,;
quEE) _chjk + AC_lkcjk
CEE) - Cy +Aqy

C, <0, and
CEE) > qy —Aq,;

Cjk, if qucjk
3)
Then, we can build a matrix
A:(ocjk()?jk))kl,irl , the elements of which corre-
k=Lm

spond the coordinate values of the ‘compliance’ mem-
bership function mode (3) of the candidates with project
requirements.

To create a team we need to specify additional
conditions. Next, as additional conditions for the team
creation we will consider: the resource of the available
time of each candidate time; and the cost of working

hour for each candidate rate;. In addition, requirements

are set for the total cost of labor of team members Cost,
for the Laboriousness of the project and time of the
project implementation in p weeks.

Denote g=1,G — is a number of a team option.

Let us build an assignment matrix Xg :(xip)i:fn as
p=Ln
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the  diagonal  matrix, where the elements

Xjj € {01}, j=1n on the main diagonal define whether

the j-th candidate was selected to the g-th team option
(xjj=1) or not (xjj=0). Then we can build a matrix

Ag =XgxA, that defines compliance of the g-th team

with project requirements.
The criteria for selecting a team can be written as
follows:

opt _ m . L (X.
Xg =arg maxxjj ZkzlmaxjeN {ajk(xjk)},

where oy, (X, ) €A, A, =X, xA,

m n ~
Xg™ =arg maXy ; 2 M2k (xik )
k=1 j=1

where A is a weight of k -th indicator,

0<i, <1 D> =L
k=1

One criterion requires that for each indicator the
team has a member with the highest possible compe-
tence value. This will create a team that will have the
best possible specialist for each indicator. Such a team
will have the maximum possible knowledge, skills, and
abilities and will be able to cope with the assigned tasks
in time if the requirements for a product or project
change.

The second criterion is aimed to form a team with
the maximum sum of competencies for all indicators,
taking into account the weight of each indicator. This
will allow choosing the composition of the team, which
in total is better than others in all competencies.

The application of these two criteria will make it
possible to form a team that, on the one hand, includes
"stars", and on the other hand, has a high general level
of competence of the team members.

The restrictions are the following:

1) the competencies of the team meet all the re-
quirements of the project:

vk e K u;(jk (rjr;aﬁ{ocjk (Xjk)}J 2 Vk;

2) teamwork time in the project meets the re-
quirements for the laboriousness of the project:

zvjeNij -p-time; > Laboriousness,

where timej — working time of the j-th candidate per

week, p— number of weeks, planned for implementing
the project,

3) team costs should not exceed the allocated
budget:

-Xii - time ; - ratej < Cost.
ZweNp JjHme T

Thus, the solution of the problem is an option of
the team, the maximum competence of which for all
k e K is the largest among the possible, and the sum of
competencies for all indicators, taking into account the
weight of each indicator, is also the highest, the maxi-
mum competence for each indicator is not less than the
specified vy, the team will have enough time to com-

plete the project within the budget.

4. Case study

To illustrate the case study of the proposed target
functions, let us consider a simple example, which we
present in a clear statement without taking into account
any restrictions.

Let us say the competence of candidates is as-
sessed by two indicators "Design patterns" and "Data
types" on a five-point scale. A total of 6 candidates are
being considered. Among the possible options for the
teams’ composition, as an example, we will consider
only two (Table 2 and Table 3).

Table 2
Team Nel
Candidate "Design patterns" "Datatypes”
assessment assessment
1 5 2
2 4 3
3 4,5 1
4 3 4
Max value 5 Max value 4
The sum of the max values: 9.
The sum of points: 26,5.
Table 3
Team Ne2
Candidate "Design patterns" "Datatypes”
assessment assessment
3 4,5 1
4 3 4
5 3 5
6 3 3,5
Max value 4,5 Max value 5

The sum of the max values: 9,5.

The sum of points: 27.
In this case, among the two team options, the sec-

ond one (Team Ne2) should be preferred. It turned out to
be more appropriate according to both criteria. In this
case study we did not take into account indicator
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weights and limitations. A more complete example of
the application of the proposed mathematical model,
taking into account the fuzziness of the initial data and
limitations, will be presented in a separate paper.

5. Discussion

Project teams are important working structures for
successful project implementation. Many researchers
define the choice of a project team as the choice of the
right team members who together implement a certain
project within a given period [2, 4, 10]. As the analysis
showed, many researchers are involved in the taking
decision on the selection of members for the develop-
ment team. The use of mathematical tools of fuzzy sets
is a fairly common technique for deciding to support
problems resolving in determining the project team [6,
8, 12]. In typical ways to the application of agile project
management approaches, many factors are not taken
into account, including as developers' experience, the
accuracy of competence assessment, etc. These factors
are usually presented using only verbal description and
are evaluated subjectively, which makes it difficult to
take them into account. Therefore, researchers use the
concepts of fuzzy mathematics to build models to im-
prove decision-making results. The team creation model
developed in this paper is also based on the application
of the basic principles of fuzzy set theory and is fully
consistent with the results of other researchers in this
area. In contrast to the approach proposed in [6], the
developed model allows creating a team following the
requirements of the project in conditions when a certain
list of tasks has not yet been defined. In comparison
with the results obtained in [16], the developed ap-
proach provides opportunities to use a more flexible
scale for assessing candidates, requirements, and the
team as a whole, as well as assessing the overall compe-
tence of the created team, which allows not only to de-
termine compliance but also to create a team with max-
imum competencies and take into account the prospects
of project development.

Thus, the approach proposed in this paper allows
setting the problem of creating an adaptive project team
as a task of optimizing team competencies taking into
account the requirements of budget, time, and technical
characteristics of the project under uncertainty based on
the application of mathematical apparatus of fuzzy set
theory.

Conclusion

The formation of requirements for the competence
of the project team is carried out by specialists. As a
result, these requirements always contain some level of
uncertainty. Likewise, there is considerable uncertainty
in assessing the competencies of candidates for inclu-

sion into a team. When creating a team, it is necessary
to take into account the uncertainties of both the re-
quirements for candidates and the assessments of their
competencies.

A mathematical model for solving the problem of
creating a project team is proposed. The first objective
function of the task is aimed to find a team composition
that maximizes the maximum competencies of its mem-
bers. The second objective function is aimed to form a
team with the maximum sum of competencies for all
indicators, taking into account the weight of each indi-
cator. This takes into account the restriction on the cost
of the team. In addition, it is required that the available
time fund of the team members allows the project to be
completed on time. The third constraint assumes that the
maximum value of the membership function for the
compliance of at least one team member with the pro-
ject requirements is not less than the specified one. The
proposed model takes into account the assessments of
the competencies of candidates and the requirements for
them, given in the form of fuzzy sets.

Solving the problem following the proposed math-
ematical model will make it possible to create a team as
ready as possible to fulfill the existing requirements for
personnel. In addition, having the highest possible com-
petencies among team members will best cope with new
requirements that may arise during the implementation
of the project. The last circumstance is especially im-
portant when implementing projects in the software
development field.
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MATEMATHYHA MOJEJb ONITUMI3AII CKJIAJTY KOMAHJIU ITIPOEKTY 3 PO3POBKH
HHPOI'PAMHOTI'O 3ABE3IIEYEHHA 3 HEUITKUMMU BXITHUMU JTAHUMHU

1. B. Kononenxo, I. B. Cywko

Bce uacrini 3MiHM MONMUTY HA TPOJYKIIi0, KOPOTKI HUTTEBI NUKIIHM MTPOAYKIIi, 3MiHa O13HEC-OTOUSHHS B Tepi-
0]l KpHM3H, IHHOBAI[IfHUI XapakTep MPOEKTIB, CKIAAHICTh NMPOTHO3YBAHHS 30BHIIIHIX I BHYTPIIIHIX YMOB, BIUIUB
JIFOACHKOTO (haKTOPY MPU3BOISTH 10 301IbIICHHS HEBU3HAYEHOCTI 1 HEMOXKIIMBOCTI TUIAHYBAHHS JSUTBHOCTI KOMAH
i3 3aITaHUM CTyTIEHEM TOYHOCTI. Y 3B'I3KY 3 IUM, NIPeIMeTOM BHBUYEHHSI B CTATTI € 3a1a4a GopMyBaHHS a/IallTHB-
HOI KOMaH/I! TIPOEKTY, IO MOXe e(heKTUBHO MPAIIOBATH B BHIE3a3HAUYECHNX yMOBax. Taka 3a/1a4a 0cOOIMBO aKTya-
JbHA IS chepu po3poOKH mporpamMHoro 3abe3nedenHs. [lana cdepa sBISETHCS ANHAMIYHOIO Ta XapaKTePU3YETHCS
YacTOIO 3MIHOIO BUMOT JIO TIPOJYKTY, TEXHOJIOT1H, YMOB poOOTH Ta 0OMEXEHb IIOJ0 BUKOHAHHS MPO€EKTY. st ym-
PaBIiHHS TAaKUMH IPOEKTAMH JOBOJI YacTO BHKOPHUCTOBYIOTh THYHYKI IJXOAHM, IO MOXYTH JOTIOMOTTH KOMaHIi
pearyBaTu Ha HEBH3HAYCHOCTI Ta 4acTi 3MiHU. Ha cboromHINIHIN NeHb iCHY€E sl THYYKHAX HIiAXOMIB A0 YIIPaBIiHHSI
MIPOEKTaMH, ajie MUTAaHHS BiZOOPY WIEHIB KOMaHIH B TaKMX IiX0JaX, HA [YMKY aBTODIiB, BUCBITJICHO HEOCTATHBO.
Came ToMy, MeTOI0 JaHOI po6oTH € dhopMaizallis 3aa4i IPUHHATTS PIIICHHS IIOJ0 BiIOOPY WICHIB KOMaHIU 3
PO3pOOKH TIPOrPaMHOTO 3a0e3MeueHHs 3 BpaXyBaHHSIM HEBU3HAUEHOCTI Ta Cy0’ €KTUBHOCTI iH(OpMaIlii, 10 BIUIUBAE
Ha BHOip KaHIUAATIB B KOMaHIY. 3aBAAHHAM pOOOTH € CTBOPEHHSA MO MPUHHATTA PIlIeHb HAa OCHOBI 3aCTOCY-
BaHHS MaTEeMaTHYHOTO anapary HeYiTKUX MHOXKHMH Ta MeTOMIB TOCITIKeHHS omepaliif. Taka Moens MOBHHHA J0-
3BOJISITH BPaxyBaTH HEBH3HAYEHICTh OLIHOK BUMOT JIO MPOEKTY Ta PIBHS KOMIETEHTHOCTEH KaHIUIATIB B KOMAHIY.
OTpuMaHMM pe3yJbTATOM € MaTeMaTHYHAa MOJIEb JBOKPUTEpiaIbHOT 3a1adi onTuMizamii 3 oomexxenHsamu. [leprma
iTb0Ba (YHKIISA CIIPSIMOBAHA Ha MOIIYK CKJIAAY KOMaH[H, SIKHH MaKCHMi3ye MaKCHMaJIbHI KOMIIETEHTHOCTI i uie-
HiB. [Ipyruii kpurepiii cupsimoBanuii Ha GopMyBaHHS KOMaHAM 3 MaKCUMaIbHOIO CyMOIO KOMIIETEHTHOCTEH! 3a BCi-
Ma iHJMKaToOpaMH 3 ypaxyBaHHSIM BarW KOXKHOTO iHaukatopa. [leprie oOMexxkeHHs mepenbavae, 110 BUMOTaM JI0
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KOMITETEHTHOCTI, BUPAXXCHUM KOHKPETHHUM 1HIUKAaTOPOM, 3aJI0BOJIbHSE X0ua O oauH wieH KkoMaHau. KpiM Toro He-
00xiHO, MO0 HasBHUM (OHI POOOYOro Yacy UWICHIB KOMAaHAW O3BOJSB BHKOHATH MPOEKT BYAacHO. [Ipu mpoMmy
BpPaxXOBYEThCS OOMEKEHHS Ha OIUIATY Tpalli KoJieKTuBy. BucHOBKHU. P03B’s3aHHS 3aBJaHHS BiJMOBIIHO JIO 3ampo-
MOHOBAHOT MaTEMaTHYHOT MOJIEITI JIO3BOJIMThH CKIIACTH KOMAHIY, 1[0 MAKCUMAaJIbHO BiNOBIIa€ BUKOHAHHIO HASBHUX
BUMOT JI0 niepcoHaiy. Kpim Toro, HasiBHICTh MAaKCUMAIIbHO MOXJIMBAX KOMIIETCHTHOCTEH Yy YJICHIB KOMaH/IU J03BO-
JIUTh HaWKPAaIIUM YHHOM BIIOPATHCS 3 HOBUMH BUMOTAMH, SIKI MOXKYTh 3'SIBUTHCS B MPOLECI BUKOHAHHS MPOEKTY.
OcranHs o6cTaBUHA 0COOIMBO BAXKIIMBO IIPH BUKOHAHHI MIPOEKTIB B 00J1aCTi PO3POOKH MIPOrpaMHOTO 3a0e3IeIeHHS.

KurouoBi cioBa: mporpamue 3abesnedeHHs; po3poOka; GopMyBaHHS KOMaHIW; MOJETH;, HEUiTKI MHOKWHH;
Agile; Scrum; makcumizarlisi KOMIIETEHTHOCTEH.

MATEMATHYECKASI MOJEJIb OIITUMU3ALIUU COCTABA KOMAH/bI TIPOEKTA
ITIO PABPABOTKE ITPOI'PAMMHOI'O OBECIIEYEHU A
C HEHETKUMHU HAYAJIBHBIMHU JAHHBIMU

H. B. Kononenxo, I. B. Cywko

Bce Goree yacTble H3MEHEHHS CIIPOCA HA MPOAYKINIO, COKPALIAIONINECS )KU3HEHHBIC IUKIIBI TIPOAYKIUH, W3-
MEHEHHE OM3HEC-OKPYKCHHMS B IIEPHO] KPU3HCa, HHHOBAIIMOHHBIN XapaKTep MPOEKTOB, CI0XXHOCTh IPOTHO3HPOBA-
HUSI BHEITHUX M BHYTPEHHUX YCJIOBHH, BIHMSHHUE YEIOBEYECKOro (hakTopa NPUBOAAT K YBEIHMUCHUIO HEOIPEACICH-
HOCTH U HEBO3MOXKHOCTH ILTAHMPOBAHUS JEATEILHOCTH KOMaH] C 3aJlaHHOM CTENEHBI0 TOYHOCTU. B CBsi3u ¢ 3TuM,
NpeMETOM HU3Y4YCHHsl B JAHHOW CTaThe SIBIIIETCS 3a[ada CO3JaHMs aJalTUBHON KOMaHHBI MIPOEKTa, KOTOpas Mo-
KeT 3 PEKTUBHO pabOTaTh B BBIICYIIOMSIHYTHIX YCIOBHX. Takas 3amadya 0COOGHHO akTyallbHa Uil c(ephl paspa-
0oTkM mporpamMMmHoOro obecneuenus. [lanHas cdepa sIBIsIeTCS TUHAMMYHOM W XapaKTepH3YeTCs 4acTOi CMEHOU
TpeOoBaHUI K MPOJYKTY, TEXHOJIOTHH, YCIOBUIl pabOThl U OrpaHUYCHUI 10 BHINOJHEHUIO npoekTa. [ ynpasie-
HUSI TAKMMH [POEKTAMH JIOBOJILHO YacTO MCIHOJB3YIOT THOKHE IOIXO0/Ibl, KOTOPhIE MOTYT IIOMOYb KOMaH/E pearu-
pOBaTh Ha HEOINpPEEICHHOCTH M YacThle M3MeHeHUs. Ha ceromHsmHuil JeHb CymecTBYeT psii TMOKUX MOJIXOMO0B K
YIPaBJICHUIO POEKTaMM, HO BOIIPOC 0TOOpA WICHOB KOMaH/bI B TAKUX IOAX0/AaX, 10 MHEHHUIO aBTOPOB, OCBEIICH
HEJIOCTaTOYHO. VIMEHHO T03TOMY, eJib AAHHOH PadoThl — popManu3anus 3a1a4n MPUHATHSA PELUICHUs IO 0TO0pY
YWICHOB KOMaH/BI 0 pa3paboTKe MPOrpaMMHOTO OOECIICUCHMSI ¢ YYETOM HEOIPEAEIEHHOCTH U CyObhEKTHBHOCTH
nH(popManuy, YTO BIUAET Ha BHIOOP KaHIUIATOB B KOMaHIy. 3ajgaueil paOOTHI SBIACTCS CO3JaHUE MOJEIN IPUHS-
TUS PEIIEHUH Ha OCHOBE NMPHMEHEHHsI MaTeEMaTHYECKOTO alnapaTa HEYETKUX MHOXKECTB U METOJ0B HCCIEIOBaHUSL
omepanuii. Takass MoJesTb JOJKHA MO3BOJISITh YYECTh HEOIIPEIETICHHOCTh OIIEHOK TPeOOBAaHUH K MPOEKTY M yPOBHS
KOMIIETEHTHOCTEN KaHIUAATOB B KoMaHJy. I1oJIy4eHHBIM pe3yJIbTaTOM SBIISIETCSI MaTeMaTH4YeCcKas MOJENb JBYX-
KpHUTEpUANbHOM 3a]]a4u ONTUMH3AIMK C OrpaHnueHusMu. [lepBas ueneBas (GyHKIMS HanpapieHa Ha IMOUCK COCTaBa
KOMaH/ibl, KOTOPBIM MaKCUMU3UPYET MaKCUMajlbHble KOMIIETEHTHOCTU €€ WieHOB. BTopoil kpuTepuil HanpaBiieH Ha
(hopMHpOBaHUE KOMaH/bl C MAKCUMAJILHON CYMMO# KOMIIETEHTHOCTEH MO BCEM MHIMKATOpPAM C YUETOM Beca KaX-
Joro uHAMKaropa. I[lepBoe orpanudeHune npeanosaraer, 4To TpeboBaHUAM K KOMIIETEHTHOCTH, BBIPAKCHHBIM KOH-
KPETHBIM MHAMKAaTOPOM, YJIOBJIETBOPSET XOTs Obl OJMH 4WieH KoMaHpl. KpoMe Toro, Tpedyercst 4To0bl JOCTYMHBIN
(oH pabouero BpeMEHHU 4JICHOB KOMaH/bl O3BOJISUT BBITIOJIHUTE MPOEKT BoBpeMsi. [Ipu 3TOM y4uThIBaeTcsi orpa-
HUYEHHE HA OIJIATy TpyJa KoJUIeKTUBa. BeiBoabI. Penienne 3a1aun B COOTBETCTBUU C MPEIOKEHHON MaTeMaTH4e-
CKOIl MOJIENBI0 MO3BOJMT COCTAaBHTh KOMAaHJYy B MAaKCHMAJbHOM CTENEHU TOTOBYIO K BBINOJHEHHIO UMEHOIIUXCA
TpeboBaHuii k nepcoHanxy. Kpome Toro, Hann4ne MakCUMallbHO BO3MOKHBIX KOMIIETEHTHOCTEH Y UJICHOB KOMaHIbI
TIO3BOJIUT HAWITYYIIHM 00pa3oM CIIPaBUTHCS C HOBBIMH TPeOOBaHMSMH, KOTOPBIE MOTYT MOSIBUTHCS B MPOIIECCE BBI-
noJIHeHus mpoekTa. [locienHee 00CTOSTENLCTBO OCOOEHHO Ba)KHO NP BBINOJIHEHWH NMPOEKTOB B 00JAacTH paspa-
OOTKH IPOrPaMMHOT0 00eCTICUEHHSI.

KioueBble cioBa: mporpaMMHOe obeciiedeHne; pa3paboTka; GopMupoBaHHEe KOMaHABI; MOJENb; HEUSTKHE
MHOxecTBa; Agile; Scrum; MakcuMu3aiys KOMIETEHTHOCTEM.
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