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SOLVING THE PROBLEM OF RANKING APPLICANTS FOR A PROJECT TEAM

WITH FUZZY ASSESSMENT OF COMPETENCIES AND REQUIREMENTS

The article's subject is models and methods for ranking candidates for an IT project team with uncertainty
regarding competencies and requirements. The aim is to improve the quality of the IT project team by creating
and applying models and a method for formalizing the task of multi-criteria ranking of candidates for the team,
taking into account the uncertainty of the initial information. Tasks: to analyze the relevance of the task of
creating models and methods for ranking candidates for the IT project team under conditions of uncertainty; to
develop a method for multi-criteria ranking of candidates for the IT project team in a fuzzy formulation; and to
solve an example of the task of multi-criteria ranking of applicants for further formation of the IT project team.
The methods used are the analytic hierarchy process, the line method, and the fuzzy arithmetic method. The
following results have been obtained. A method of multi-criteria ranking of candidates for an IT project team
has been developed, which differs from existing methods by using fuzzy numbers to set the preferences of
candidates and assess the generalized competence of each candidate based on comparisons with the reference
competence, which improves the ability to evaluate candidates. This method can be used in the first stage of
creating an IT project team when candidates for the team are ranked. The task of selecting candidates for
further formation of the IT project team has been solved. Conclusions. The scientific novelty of the method of
multi-criteria ranking of candidates for the project team is that, unlike existing methods, it uses fuzzy ideas
about the preferences of candidates when assessing the generalised competence of each candidate based on
comparisons with the reference competence, which allows to improve the ability to evaluate candidates. This
article considers an example of using the proposed method to solve the problem of selecting candidates to
further solve the problem of forming an IT project team under fuzzy evaluation.

Keywords: project team; candidates; competencies; requirements; uncertainty; model; method; ranking; fuzzy
numbers.

1. Introduction that can meet the project requirements is complex. First,

1.1. Motivation

The results of statistical studies show that person-
job fit in temporary organizations has a positive and
significant impact on task performance [1]. The team
members’ characteristics are the most cited factor for
the success of IT projects. This is evidenced by the
results of an analysis of 39 papers on this topic [2]. IT
projects are characterized by high demands on their
executors. These include mastery of modern
technologies that are constantly changing, a willingness
to acquire new knowledge and skills, knowledge of
foreign languages, the ability to work in a team and, at
the same time, be responsible for the assigned amount
of work, and many others. Specialized online resources
offer offers from those who wish to participate in
projects. Such offers are collected by HR specialists of
companies. However, selecting applicants to perform
certain functions in the project and then forming a team

it is necessary to develop requirements for the
competencies of an IT project team members. Given
that the requirements for the project product and the
project itself often change, the requirements for the
team's competencies change accordingly during the
project. Second, you must assess the competencies of
the applicants. Such assessments are usually uncertain
and subjective. Third, the task of forming a project team
from the candidates should be solved. This task is
usually solved by the decision-maker, usually very
subjectively. These factors lead to the fact that many IT
projects are not completed on time, are over budget, or
do not meet customer requirements.

Several studies are devoted to the
forming project teams.

issues of

1.2. State of the art

The study [3] identified the main behavioral and
knowledge factors required by team members to
successfully  perform  relational ~ contracts  in
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construction. A similar study on relational contracts in
the IT domain would be very relevant. Paper [4]
proposed using the hierarchy analysis method to solve
the problem of selecting a project manager. Factors that
influence the creation of an effective IT project team are
also considered. Paper [5] proposed a precedent-setting
approach to selecting project team candidates. It
consists of the fact that when planning the project
implementation, an analysis of work that has been
performed previously and is close to work planned in
the project is carried out. Performers of similar work in
the past are involved in the implementation of a new
project. It is proposed to estimate the proximity of work
to the project as Euclidean distance, considering the
weights of the work indicators. The disadvantage of this
approach is that past work that was much more complex
than the project work may be considered far from the
project, although the performers of these works can
easily complete the project work. Exaggerating
capabilities is especially important when the
requirements for project work are uncertain.

This paper also develops methods for forming a
project team according to generalised characteristics
based on a multi-criteria model. It is proposed to rank
the candidates for the project team by determining the
normalized values of the criteria used to evaluate the
candidates. Next, the sum of the weighted values of
these criteria is calculated. The sum of the weighted
values of the normalized criteria is used to rank
candidates. Fuzzy assessments were not considered. In
[6], a method for building formal models of the
formation and functioning of project teams was
proposed. The proposed method is based on a
competency-based and logical combinatorial approach
using formal transformations.

The method of forming educational project teams
for professional development was proposed by the
authors of [7]. The essence of this method is to cross-
assess the creativity and personnel risks of the members
of such teams. Based on these assessments, the degree
of trust in a team member is calculated. It is proposed to
include candidates with the highest levels of trust in the
team. At the same time, their values should be higher
than a certain threshold.

In [8], a method for synthesising a project team in
an Agile environment was proposed. In this case,
machine learning methods were used to group team
members who would work effectively together in an
Agile project. The authors proposed an indicator to
compare the profile of a team member with a template
and identify the highest-rated candidates.

The article [9] presents the  hybrid
recommendation system ReSySTER based on fuzzy
logic, fuzzy set theory, and semantic technologies. The
system's recommendations are based on determining the

best team based on the available staff for the project and
the competencies required for each work package. The
use of ontologies in ReSySTER allows the application
of the vocabulary used by experts in this field.

To help a project manager carefully select staff
and form a project team that will best ensure the success
of the project, the authors of [10] proposed a model that
can measure the level of imbalance in the project team
before the project begins.

The authors of [10] considered the task of forming
a project team in terms of balancing the number of team
members belonging to different personality types and
ensuring specified levels of abilities. The authors
proposed a mathematical model to solve this problem.
The objective function of the model is aimed at
minimizing the imbalance between the sizes of groups
of team members belonging to certain personality types.
The constraints of the problem require that the
capabilities of each group are not less than the specified
ones. The target problem is a linear Boolean
programming problem.

The authors of [11] proposed a model to form an
Agile software development team. This model involves
two stages: determining project characteristics and
assessing the characteristics of the formed development
team. Among the project characteristics, the authors
considered project size and criticality. The method
considers the following team  characteristics:
knowledge, skills, abilities, experience, personality
traits, and attitude.

In [10], the authors proposed a synergistic team
composition model. The proposed model considers each
team member as an agent. The authors characterize each
such agent by the following properties: identifier,
gender, personality and set of competences. Personality
includes 4 personality traits. The set of competencies
includes knowledge, skills, personal values, and
attitudes. This model addresses the issues of task
distribution and team qualification assessment [12].

The authors of [13] proposed a mathematical
model for selecting a project team. The model is two-
criteria. The first criterion aims at maximizing the skills
of the least qualified team member. The second criterion
was added to maximize team size. Both criteria in the
model are fuzzy. In addition to the objective functions,
the model contains explicit constraints. The constraints
include restrictions on the project budget, the maximum
number of teams in which a candidate can participate,
the allowable time of candidate involvement, and the
inadmissibility of combining candidates who do not
want to work together in one team.

The authors of [14] proposed a mathematical
model for the problem of forming a project team
regarding the dissemination of acquired knowledge in
an organization. The model contains three objective
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functions. The first objective function is to maximize
knowledge dissemination in the organization. The
second objective function minimizes the cost of the
project. The third objective function is to minimize the
deviation of the individual’s workload from the desired
workload in the organization. The model constraints
require that one employee from each department is
assigned to the project. The constraints stipulate that the
employee's skill level cannot be lower than the level
required to complete the task. The model also contains
restrictions that prohibit exceeding the budget of each
project and the maximum allowable workload for
performers. In general, the mathematical model belongs
to nonlinear 0-1 integer programming.

Study [15] proposed a mathematical model of the
problem of selecting candidates for a project team that
considers individual knowledge, complementarity of
candidates’ knowledge, and teamwork effectiveness.
The model contains objective functions and constraints.
The first objective function maximizes the team’s
competencies by considering the weighting of the
criteria used. The second objective function maximizes
collaboration. This considers the number of projects in
which candidates participated together as well as the
number of communications between candidates in the
past. The model sets limit on the complementarity of
candidates' knowledge and the number of team
members. The proposed model is a multi-objective 0-1
quadratic programming model.

Previous studies [16, 17] proposed a model for
determining the cohesion of an IT team based on so-
called "role patterns" and the fuzzy logic paradigm. In
addition, [16] proposed a model for selecting team
members based on solving an optimization problem
with fuzzy objective functions and fuzzy constraints.

The authors of [18] proposed a modified fuzzy
approach to selecting project team members that
combines decision-making models based on several
criteria with dynamic weights for each parameter. To
solve this problem, they used the Intuitionistic Fuzzy
Soft Set (IFSS) apparatus.

In [19], a multi-criteria genetic fuzzy grouping
algorithm was proposed to solve the problem of team
formation.

Paper [20] also presented a fuzzy multi-agent
model for creating a team based on nine roles defined
by the Belbin typology, using the strengths and ideal
responsibilities for each team member role. A previous
study [21] proposed a fuzzy approach to support the
selection of distributed development teams with
technical skills to implement software modules in
distributed  software development projects. The
difference is that this approach considers the various
selection policies adopted to identify technically
qualified teams.

Lexicographic ranking methods [22] are used
to rank candidates for an organisation or team. The
lexicographic solution (the best alternative) is Pareto-
efficient. However, the excellent value on the less
important criterion for some alternatives does not allow
us to compensate for the loss on the more important
criterion. This feature can play a negative role when
ranking candidates in the case of insignificant
differences in the importance of the criteria. In the case
of equal importance of criteria, the problem will have no
solution within the framework of lexicographic ranking.

1.3. Obijective and Approach

An analysis of the cited works showed that the
authors proposed using the analytic hierarchy process in
a crisp statement, lexicographic ranking, multicriteria
optimization methods, and methods based on fuzzy sets
to select project team candidates. However, in the
known works, it was not possible to find an approach
that would allow the use of fuzzy representations of
candidates’ competencies in comparison with the
benchmark for multi-criteria ranking of candidates,
taking into account fuzzy competency requirements.

This paper aims at improving the quality of an IT
project team by creating and applying models and a
method for formalizing the task of multi-criteria ranking
of team candidates with consideration of uncertainty in
the initial information. The objectives of the work
included: analyzing the relevance of the problem of
creating models and methods for ranking candidates for
an IT project team under uncertainty; developing a
method of multi-criteria ranking of candidates for an IT
project team in a fuzzy setting; and solving example of
the problem of multi-criteria ranking applicants for
further formation of an IT project team.

In Section 2, we describe a multi-criteria ranking
method for ranking project candidates under fuzzy
product and project requirements, and under fuzzy
candidate competency assessments. In Section 3, we
consider an example of using the proposed method to
rank five individuals applying for an IT project. We will
then discuss the findings and summarize the results.

2. A method for multi-criteria ranking
of candidates for an IT project team
in a fuzzy setting

Paper [23] proposed a solution to the problem of
forming an IT project team in three stages. At the first
stage, the requirements for the project product are
analyzed, the product backlog is formed, tools
(technologies) for developing the project product are
identified, the complexity of the work and the time
required to complete it are assessed, the requirements



Information technologies for manufacture, business, and project management

233

for team candidates are determined, their competencies
are assessed and the candidates for the project team are
ranked.

In the second stage, input data are generated to
create project team options. That is, the competencies of
the candidates, the time during which each candidate
can be involved in the project, the cost of their working
hours, and the project requirements with their weights
are specified. A certain set of candidates can be
considered a team option if they satisfy all the project
requirements.

In the third stage, the task of evaluating the formed
team options and selecting the best option is solved.

Defining and assessing core competencies should
ensure a comprehensive approach to candidate selection
that allows for the creation of an effective team for the
successful implementation of the project. Therefore, this
process should involve a team effort involving the
project manager, technical lead, recruitment specialists,
and, if necessary, the direct client or stakeholders at
various levels.

For example:

- The Project Manager (PM) is responsible for the
overall management of the project and identifying the
key competencies required for project successful
delivery. Collaborates with other participants to clarify
requirements;

- Tech Lead: This person defines technical
competencies and collaborates with other roles to
determine the level of technology proficiency required
for the project. May create technical tests or tasks to
assess candidate skill levels;

- HR Specialist, Recruiter: Responsible for
creating a candidate profile, including soft skills and
other aspects. Organises the process of recruitment and
pre-selection of candidates;

- Client or Stakeholders - If necessary, specify
requirements and expectations for the final product or
service. They may influence the definition of key
competencies, depending on project specifics.

The process of developing competencies is
determined by the following stages:

Analysing the project requirements:

- collecting and analyzing requirements from the
client and stakeholders;

- defining project goals and milestones.

Identification of key competencies:

- PM and Tech Lead work together to define
technical and non-technical competencies;

- consideration of project specifics, technologies to
be used, and skills required to implement them.

Assessment and level of competencies:

- define qualitative and quantitative competencies
levels. For example, technical competencies may have

levels (Junior, Intermediate, Senior) and soft skills are
assessed on a scale (e.g. 1to 5).

The candidate profile is created:

- the HR specialist, with the PM and Tech Lead,
creates a detailed candidate profile, including the
required competencies and levels;

- including requirements for experience, education,
certifications, etc.

Preparation of assessment tools:

- development of terms of reference, tests, and
interview scripts to test candidates’ competencies;

- identifying methods for assessing soft skills, such
as group interviews, psychological tests, etc.

This paper proposes models and a method that
allow solving the problem of multi-criteria ranking of
candidates with unclear ideas about their competencies
and project requirements. This means that this method
can be used in the initial stages of creating an IT project
team.

Let's assume that there is a certain set of

candidates Cz{cp}, p=1,_n for a role in a software
development project team and a set of competencies
present in them Q:{qt},t:L_m. The candidate's

score for a parameter ¢, can be determined using a

survey, questionnaire, exams, and other methods. In this
study, we consider fuzzy assessments of candidate
competencies and competence requirements to be the
agreed opinions of experts. In some cases, the
evaluation is carried out by a single expert.

To compare the competences of the candidates, we
propose using the method of pairwise comparison [24].

The  preferences of each  competency

0;€Q,t =1m conveniently
determined using triangular fuzzy numbers [25]

candidate are most

A, =<a,0,B>,, (D)

where a is the modal value of this number, oo — is the
left coefficient of fuzziness, B — is the right coefficient

of fuzziness. A triangular fuzzy number is a special case
of a (L-R)-type fuzzy number [25]. Using the scale [24],
in this case, for example, we will have that in terms of
competence ¢, candidate D has a significant advantage
over candidate M. This advantage can be specified
using a triangular fuzzy number A, =<5,1,2>,. If

we compare candidate M with candidate D, the latter
will have less competence, which can be represented by
the inverse fuzzy number A;l. The parameters of the
inverse triangular are defined as

follows [25]

fuzzy number
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a,=1/a, o, :B/azl B, —ala’, fuzzy. _T_o es_tabl_ish full order in a set of fuzzy numbers,
defuzzification is employed [25].
. In this case, to compare triangular fuzzy numbers,
In our example, we have A, =<1/5,1/25,2/25>.  jt is necessary to defuzzify them. As the defazified
Pairwise  comparisons of candidates by values of such numbers, it is proposed to use the
competence q, are represented by a diagonal abscissa of the centres of mass of triangles, which are
ay; =11 -1n and inversely symmetric limited b)_/ the a_bsussa axis and_ the graph of the
P — ) membership function [26]. The abscissa of the centre of
a5 =8y hJ=1n matrix mass for a triangular fuzzy number is equal to
ant  Aar aA1n Ypt +Ypt —Hpt T Ypt + Vit
a a a Xpt,crisp = 3 =
A _| “a21 A22 A2n , ) (3)
Al @ _ 3gpt ~Hpt TVt
aAnl aAn2 aAnn 3

The
coordinates

whose elements are triangular fuzzy numbers.
determination of the fuzzy

Wy, =<ay, 0y, By >, pzl,_n, of the eigenvector W_A
in this case is performed by summing the fuzzy
elements  a,y =<Dbyj, 0, B > of the p-th row

according to the following rule [24]
n n n
ap :me’ » %p :z%j + By :ZBN :
=L j=1 j=1

Next, we obtain the coordinates of the priority
vector for the t-th competence

n
Xppt = WApt/ ZWApt ,

p=1

where X,pt is the p-th coordinate of the fuzzy priority

vector Xue, Xapt =<gpt,upt.vpt>,p=1,_n, t=1m.

The division of positive triangular fuzzy numbers

n
Wy =<y, Oy, By > DY Spp =<8, @,y >= ZWApt IS
p=1

carried out according to the following rule [25]

ApeNt +S¢ Oy Ay +5Byt

Vv =
2 v Vpt 2
St St

Opt =apt /St, byt =

Accordingly X,;, you can select the most

competent candidates. To do this, you must compare
fuzzy numbers. According to the definition, fuzzy
number A is greater than fuzzy number B if any value
of the carrier of fuzzy number A exceeds any value of
the carrier of fuzzy number B. If this condition is not
met, the order relation for fuzzy numbers A and B is

It allows you to compare candidates by the t-th
competence t=1m. The defuzzified priority vector is
denoted by X gigp -

Candidate competencies may have different
weights for a project. Let's denote the vector of
competence  weights K =(k;,k;,...ky,). Using

competency weights, you can calculate the candidate's
generalized competence. In this case, the generalized
competence of the p-th candidate is calculated as
follows

m m
Qupp = ZktxApt = Zkt <Opt: Mptr Vpt > =
t=1 t=1

m
= Z< KiGptr Kibtpr, KeVpe > = 4
t=1

m m m
=< Zktgpt' ;ktupp tzzllkt\’pt >

t=1

To compare and select the best candidates, the
generalized competences must also be defuzzified, for
example, by using the abscissa of the centres of mass
(3) for triangular fuzzy numbers. The defuzzification

result is denoted by Qp crigp -

The use of the proposed pairwise comparisons
based on triangular fuzzy numbers does not provide a
way to assess the consistency of matrix (2). This is due

to the use of the rule for calculating the defuzzified
value of a fuzzy number. The defuzzified value for

N i,j=Ln may not be the inverse of the

defuzzified value of a,;, i, j =1,n. To use the approach

[24] to determine the consistency of the matrix A, , it is

necessary to apply another rule for calculating the
inverse triangular fuzzy number [27], which ensures that
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the defuzzified value of the inverse number

agilj,i,jzl,_n is equal to the inverse number of the

defuzzified original number a,;, i,j=1n .

In order to avoid the consistency problem of
matrix (2), the "line" method [28] should be used, which
consists of comparing all alternatives with one. This
method reduces the amount of work of the expert, as
only n-1  assessments are required instead of
n(n—-1)/2 asin the previous method [24].

According to this method, a vector of comparisons

of alternatives D, = (d;,d,,...,d, ;)" with the reference
alternative € is created. In this case, we consider the
comparison of candidates for the project team according
to the t-th competence, t=1m, with the competence of
the candidate e, which is considered to be the

reference.
Let us introduce the concept of the absolute weight

Vy, of alternative h. By absolute weight V, we mean a

quantitative measure of the degree of expression in the
h-th alternative of the property described by the selected
criterion [28].

The reference alternative has a weight of v, . If

we are talking about comparing how many times an
alternative h is superior to alternative e, ie., a
multiplicative comparison is made, then the weight of
the alternative h is calculated based on the comparison
of the alternative h with alternative e , i.e. dg,, and the

weight v, of the alternative e.
Vi, =V,0(dg,), h=1Ln-Le=h, (5)

where ¢(dg,) is an arbitrary monotonic function for
which the requirement ¢(2) =1 is satisfied.
Function (5) can take the form v, =v,dg,. Next,

the priority vector X , t:1,_m, for all alternatives

according to the t-th competence is calculated, the
coordinate of which is equal to

n —_—
Xpt :th/Zth p=1Ln.

p=1

Note that in the multiplicative algorithm of
pairwise comparisons, the priority vector does not
depend on the value of Vv, . These comparisons must be

made for each competence q; €Q, t :L_m.

In order to consider the different weights of
competencies when selecting candidates for the project

team, we calculate a wvector of comparisons

Do =(dgy,dgp - domy)’ o the importance of

g, t=Lm-1 with the reference
t=w . It is advisable to choose the
most important competence as the reference competence
according to the opinion of the assessor.
The coordinate of the priority vector K for all
competence weights are represented as follows:

competencies
competency w,

ke=2,/) z,t=1m.

The generalized competence of the candidate

p,p :1,_n is calculated as follows

m
Qpp = Zktxpt :
t=1

Now let's use triangular fuzzy numbers to compare
alternatives in the “line” method. As before, a triangular
fuzzy number is defined as follows A, =<a,o,B>,,
where a is the modal value of this number, o — left
fuzziness coefficient, and p— right fuzziness

coefficient.

We will determine the advantages of candidates
over some of them, who have been selected as a
"reference” candidate, using the scale [24] or another
scale. In this case, we assess how many times the

competence g, of the candidate h exceeds the
competence e of the "reference” candidate, i.e. we will
perform a multiplicative comparison. In this case, the
vector of competence preferences ¢, will be of the
form Dy, =(dy.duinGrna)’, 9 €Q t=1m.

The candidate whose competences are known most
accurately should be selected as the "reference"
candidate. In this case, when comparing alternative h
with alternative e, we use fuzzy numbers, i.e., dy, will

be a fuzzy number of the form d g, =<a, oy, Bun >-
Let's give the reference alternative e a weight v, .

We assume that the weight v, is an crisp number. The
weight of the alternative h in this case is equal to

Vah = VedAeh =V, < avthLvh’ﬁvh > (6)

The coordinate of the priority vector X,; for all
alternatives for the t-th competence will be
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n
Xapt = Vapt /ZVApt , p=Ln,
p=1

n n n n
where ZVApt =< Zant’ Zavpt, Zﬁvpt > .So
p=1 p=1 p=1 p=1
<ypts Oyt Pupt >

n n n =
< zavpt’ zavpt' Zﬁvpt
p=1 p=1 p=1
n n
avptZvat + avptzavpt
et ' p=1 p=1
n n
2
Zavpt (zavpt)
p=1 p=1
n n
avptzavpt + vatzavpt
=] =]
p p >

O am)’
p=1

Xppt =

,p=1n.

To establish a complete order for the coordinates
of the priority vector, it is proposed to use

defuzzification X, p=1n.
In order to take into account the weights of

different competences and determine the generalised
competences of each candidate, it is necessary to assess

the vector DQ:(dQl,sz,...,dQ,m_l)T of importance of

competences ¢,, t=1,m—1 in comparison with the
reference competence w, t=w . If the comparison of

importance is performed in a crisp version, the
generalized competence of candidate p can be
represented as follows:

m
Qup = ZktXApt =
=1

n n
m a m avpt Z vat + avpt Zavpt
t =1 =1
=<k D ke =
n n
t=1 t=1 2
Zavpt (Zavpt)
p=1 p=1

n n
m avptzavpt +vatzavpt
-1 -1
3 == S
n
t=1 2
Q awm)
p=1

Y]

, p=Ln.

Once the generic competence values have been
calculated for each candidate, the defuzzified generic
competence values should be converted to the

defuzzified values, for example, using the abscissa of
the centres of mass (7) for triangular fuzzy numbers.

For each indicator tzl,_m, you need to set a value

that meets the project requirements. Let g, be a
numerical assessment of the requirements expressed by

the indicator t=1,m, that is, g, expresses the desired
level of the t-th characteristic of the performer in the
context of the project requirements. Considering the
subjective nature of forming such an assessment, we
employ a fuzzy assessment that corresponds to the
expression "indicator t should be approximately at the
level of q, or higher". To formalise such assessments,
we introduce a fuzzy set Q, , defined as the set of
ordered pairs of the form <q, pq (q)>, where q € Q is
an element of the scale adopted in the project, and
Hq,(q) is @ membership function that corresponds to
each of the elements q € Q with some real number from
the interval [0,1]. The fuzzy set Q, defines the desired
characteristics of team candidates in the context of
project requirements by the k-th indicator. We define
the membership function g, (q) as follows

0, qSQt_AQt;
—qe+Age\* — —
ho (@ =1 (1) g, —AG < q<du ¢ (8)
1, gt =q;

where g, € Q is the desired crisp level of the t-th

indicator, t=1m, Aq; is the deviation from the level

g, of that is acceptable from the project's point of view,
Q is the evaluation scale, a is a parameter. We will
assume that a = 1.

To form a set of candidates based on the
assessment of their competencies in accordance with the
project requirements, you need to compare the
requirements for the candidate and the assessment of the
candidate's competencies.

On the set of candidates, we can define the
assessment of each candidate’s compliance with each
project requirement as the intersection of two fuzzy sets:
project requirements Q, and candidate competencies
Cpt. Then, according to [25], the fuzzy set Xpt, which is
an assessment of the compliance of the p-th candidate

with the requirements for the indicator t=1,_m, is
formed as a set of ordered pairs <x, uxpt(x)>, where
x€Q, and uxpt(x) is a membership function defined as
follows:

Ry, () = min {iq, 09, i, (9},
t=1m,p=1,n. 9)
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A graphical interpretation of the "compliance™ of
the p-th candidate with the project requirements is
presented in Fig. 1. A specialist will be considered a
candidate if at least one criterion meets the project
requirements, namely, for the p-th candidate, among the
sets of matching assessmenﬁ(pt, there is at least one set
in which ugpt(dpt) has a value of at least v, (where
v, Is the threshold, for example v,=0.8). The

threshold defines the minimum value of the membership
function that allows the user to meet the project
requirements.

Then we can form a matrix of candidates'
compliance with project requirements. The matching
matrix is constructed from the membership functions
obtained as the intersection of the membership function
for the p-th candidate by the t-th indicator and the
membership function of the t-th requirement for

candidates, p =1,n,t=1m . The formed matrix of all
candidates can be defined as follows

Conf = (uy(m(x))p:ﬁ -

/u;;;(x) 31y () o 1 ()
g, ®) px,, () b, ()

s 60 My G0 e g ()

For each element of the Conf matrix, it is
necessary to calculate the coordinate of the mode value
of the membership function of the fuzzy set of the p-th
candidate's compliance with the t-th requirement, that is

dpe (Rpr)

ug,, (X)

pt
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dpe(Xpe) =
absent, ifa, + By < q; — AQy;
_ gt Bpt+AQrapt if apt<q¢ and (10)

Bpt+Aqt apt+Bpt>qt—AT¢;
aptt if qdt < apt.

The value v, for the p-th candidate is calculated
by the expression

I{ absent,ifa,. + B, < G — AQy;
_ 4 ape + Bpr — Q¢ + A, | ap < qcand (11)
|

Bpt + AQe " ap + Bpe > G — AGy
1ifq < ap
Then you can  build a matrix A=
(dpt(ipt))ng, the elements of which correspond to

t=1,m
the coordinates of the modes (10) of the functions of
membership of candidates’ competencies to project
requirements for competencies.

3. Solving the problem of multi-criteria
ranking of candidates for an IT project
team using fuzzy initial data

Let's consider the process of selecting candidates
for further formation of the IT project team. Let's keep
in mind that, as a rule, the result of a competency
comparison is not crisp. A decision maker can only
roughly estimate the extent to which one specialist’s
competence

v

apt+Bpt Q

Fig. 1. Graphical interpretation of membership function uxpt(x)
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is greater or lesser than another's. In this case, it is
convenient to use fuzzy triangular numbers to compare
the competences of applicants. Requirements for the
competences of applicants are also often fuzzy. They
are set using the membership functions of form (8). To
solve this problem, we will use the "line” method in the
fuzzy version proposed in this paper. For the indicators
of requirements for candidates’ competencies, we also
choose a continuous scale from 0 to 4 (where 4 is the
best possible score) and define the values q; € Q — the
desired crisp level of the t-th indicator t=1,m, and Aq;
— the deviation from the level g, that is acceptable from
the project's point of view. Fuzzy assessments of the
requirements for competence indicators are presented in
Table 1. The number of indicators is m=>5.

Table 1
Indicators of requirements for candidates' competences
o Project requirements
Name of the indicator
qdt Aq
Design patterns 3 1
Nest.js 1 0.3
OOP paradigm 2 0.5
S.O.L.1.D Principles 2 0.5
Functional testing 3 1

The compliance of the competence of the p-th
candidate with the requirement is determined by the
threshold value v, =0.9 of the membership function (9)

ug, (). That is, when v, >0.9, where v is

calculated in accordance with (11), we consider that the
applicant meets the requirement.

Let's consider 5 people who sent their CVs to
participate in the project, i.e. n=5. As a reference, we
will take the competencies of applicant 2, which are
presented in Table 2. We know his capabilities in the
most detail.

Table 2
Assessment of competencies of applicant 2
Indicators, t
1 2 3 4 5
1 1 2 2 4

The competences of the person being compared
will be determined in comparison with those of
applicant 2. In this case, we assess how many times the
competence of applicant p, p=1,3,4,5, exceeds the
competence of applicant 2, i.e. we will make a
multiplicative comparison. In this case, when comparing
applicant p with applicant 2, we use fuzzy numbers, i.e.,

dzp will be a fuzzy number of the form

dAZp =< a2p’0‘2plBZp >

The competency comparison results are presented
in Table 3.

Assessments of the competences of candidates p,
p=1,3,4,5 are calculated in accordance with (6). In this
case, the competence of an applicant will be defined as
the product of the competence v, of applicant 2 (the

standard) and the comparison of the competence of
applicant p with the competence of applicant 2, i.e.

dAeh
Vah :VedAeh =V < avh'avh!th >

Table 4 shows the competence assessments of the
5 applicants for the role of candidates for the project
team.

It should be noted that all applicants have at least
one competence that meets the competence

requirements. Next, for each competence t=1lm a
priority vector X,, is calculated for all alternatives
(applicants), the coordinate of which is equal to

n
Xapt = Vapt /ZVApt , p=1n,
p-1

n n n n
where Z:vApt =< Zavpt, Zocvpt, ZBth > .So
p=1 p=1 p=1 p=1
< avpt ! Ovat ! vat >

n n n =
< Z Aypt s Zavpt ) Z vat
p=1 p=1 p=1
n n
Aypt z Bupt + Cypt Z Aypt
_odwt , p=1 p=1
n n
2
Z Aypt (Z aypt)
p=1 p=1
n n
ypt Z Otypt + Pupt Z Aypt
-1 -1
p p >

O ay)?
p=1

Xapt =

,p=1n.

The coordinates of priority vectors X;, t=1m,
are shown in Table 5.
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Table 3
Assessment of applicants’ competences compared with those of applicant 2
Project requirements
i Aq, qz Aq, q3 Aqs; da Aq, qs Aqgs
3 1 1 0.3 2 0.5 2 0.5 3 1
Applicants, p .
Indicators, t
1 2 3 4 5
a o B a o B a o B a o B a o §
1 4 1 0 1 /05| 1 (05]|]025|025| 1 |05]| 05 0 0 0.25
2 1 0 0 1 0 0 2 0 0 2 0 0 4 0 0
3 3 1 1 1 (05| 1 1 1025 | 05 1]105| 05 1 0.25 0
4 110511 1 (05| 1 1 0.5 0.5 1]105] 05 | 075|025 | 0.25
5 3105|051 |05]05]| 1 05 025 |1 |05|025| 075 | 01 0.1
Table 4
Competence assessments of the applicants
Project requirements
a1 AGH dz Aqy q3 Aq; 4 Aq, ds Ags
3 1 1 0.3 2 0.5 2 0.5 3 1
Applicants, p -
Indicators, t
1 2 3 4 >
a o B a o B a o B a o B a o §
1 4 |1 |0 1 ]o5 |1 |1 f0o5(05}2 |1 |1 0|0 |1
2 1 0 |0 1 oo |20 |02 |00 4|00
3 3 |1 1 1 o5 |1 |2 o5 |1 21 |1 |4 |1]0
4 1 |05 | 1 1 /o5 |1 |2 |1 121 |1 3|11
5 3 |o5(05| 1 |05 (|05 (2 |1 |05 2|1 (05|3|04)04
Sumofvalues | 12 | 3 |25 | 5 | 2 [35|9 |3 |3 |10 | 4 |35 |14 |24 |24
Table 5
Values of the coordinates of priority vectors of applicants
Indicators, t
Applicants, 1 > 3 7 5
P a o B a o B a o B a o B a o B
1 0.333 {0.153 |0.083 |0.2 |0.24 [0.28 |0.111 |0.093 [0.093 |0.2 |0.17 |0.18 | O 0 1(0.071
2 0.083 |{0.017 | 0.02 |0.2 |0.14 |0.08 |0.222 [0.074 |0.074 |0.2 |0.07 |0.08 |0.286 |0.049 |0.049
3 0.25 |0.135 |0.146 (0.2 |0.24 |0.28 |0.222 | 0.13 |0.185 |0.2 |0.17 |0.18 |0.286 | 0.12 |0.049
4 0.083 |0.059 |0.104 (0.2 |0.24 |0.28 |0.222 |0.185 |0.185 |0.2 |0.17 |0.18 |0.214 |0.108 |0.108
5 0.25 |0.094 |0.104 (0.2 |0.24 |0.18 |0.222 |0.185 | 0.13 |0.2 |0.17 |0.13 |0.214 |0.065 |0.065
iime‘;f 12 | 3 |25 |5 |2 (35| 9 | 3 | 3 (104 35|14 |24 |24
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We will assume that the weights of all competence
requirements k., t=1m, are equal. In this case, the

generalised competence of the applicant p, pzl,_n is
calculated in accordance with (7)

m
QAp :Z:ktxApt =<aq, tq,Bg > P=1n,
t=1

where k; =0.2,t=15.

The generalized competence values
applicants are shown in Table 6.

To compare and select the best candidates, we
defuzzify the generalized competences using the
abscissa of the centres of mass (3) for triangular fuzzy
numbers. The defuzzification results are presented in
Table 6. In accordance with the defuzzified values of
the generalized competences, we select the best three
candidates to further solve the problem of forming an IT
project team. In this case, these are candidates 3, 5, and
2.

of all

Table 6
Values of applicants’ generalized competences
Applicants, Generalised competence _
P a o B Defazified
Q e ¢ value
1 0.169 0.131 0.141 0.172
2 0.198 0.07 0.061 0.195
3 0.232 | 0.159 | 0.168 0.235
4 0.184 | 0.152 | 0.171 0.19
5 0.217 | 0.151 | 0.122 0.208
4. Discussion

One of the crucial stages of developing a project
team is the preliminary ranking of possible applicants
for participation. Such a ranking is often necessary
because the number of applicants can be very large,
measured in hundreds of people. Because of ranking
applicants according to many criteria, you can select a
certain number of "best" candidates for which to solve
the optimization problem of forming a project team.
This article is devoted to solving the problem of ranking
candidates according to many criteria with fuzzy ideas
about  candidates’ competencies and  project
requirements.

The analysis of the known works on ranking
alternatives by many criteria did not reveal an approach
that would allow the use of fuzzy representations of
candidates’ competencies in comparison with the

standard for multi-criteria ranking of candidates taking
into account fuzzy requirements for competencies.

To solve the problem of multicriteria ranking
alternatives with crisp criteria values, the analytic
hierarchy process [24] is widely used. However, when
the criteria values are fuzzy and given in the form of
traditional triangular fuzzy numbers, there is no way to
assess the consistency of the pairwise comparison
matrix. Without controlling the consistency of this
matrix, the use of the [24] method may yield false
results.

One way to solve the problem of multi-criteria
ranking alternatives is the “line” method. This paper
proposes a variant of this method for fuzzy criterion
represented by triangular fuzzy numbers. The method
allows consider the different weights of competencies
for a project.

Simultaneously with the ranking of candidates,
competencies are checked for compliance with the
project requirements, which are represented by fuzzy
numbers.

An example of using the proposed method to rank
five people applying to participate in an IT project is
provided. For comparison with the reference candidate,
fuzzy triangular numbers are used. The requirements for
the competencies of the candidates are given in fuzzy
numbers.

5. Conclusions

Building an IT project team is a complex and
responsible task. The success of a project largely
depends on its solution. This paper considers the task of
ranking candidates for an IT project team according to
many criteria with unclear data about their
competencies and requirements. A method to solve this
problem is proposed. The scientific novelty of the
method of multi-criteria ranking of candidates for the
project team is that, unlike existing methods, it uses
fuzzy ideas about the preferences of candidates when
assessing the competence of each candidate based on
comparisons with the reference competence and fuzzy
ideas about the requirements for competence, which
allows improving the ability to evaluate candidates. This
paper considers an example of using the proposed
method to solve the problem of selecting candidates to
further solve the problem of forming an IT project team
under fuzzy evaluation. Note that the example is
illustrative. The number of applicants for the example
was chosen based on the ability to clearly present the
calculations in the form of tables on the pages of the
journal.

In the future, it is planned to combine the method
of ranking candidates proposed in this paper with the
methods of optimizing the IT project team composition
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set out in [23, 29] and on their basis to create
information technology to support decision-making
when forming project teams.
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IIpeamMeTomM BUBYEHHS CTATTI € MOJEINI Ta METOJ PAHKYBaHHS KaHIUIATIB y komaHnay IT-mpoekty B ymoBax
HEBU3HAYCHOCTI KOMIIETEHTHOCTEH Ta BUMOT 10 HUX. MeToI0 poOOTH € MiABHINCHHS sSKOcTi KoMaHmu [T-mpoexTy

LIJISIXOM CTBOPEHHS 1 3aCTOCYBaHHS MOJeNeil Ta MeToxy dopmanizarii 3a7a4i 6araToKpuTepialbHOrO paHKyBaHHS
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KaH/IW/ATIB y CKJIQJ KOMaHIH 3 ypaXyBaHHIM HEBH3HAUEHOCTI BHUXiAHOI iH(opmarii. 3aBIaHHsA: IPOBECTH aHATI3
aKTYaJIbHOCTI 3aBJJaHHS CTBOPEHHS MOJIEJIEH Ta METOIB paH)KyBaHHS KaHIUIaTiB y KomaHay IT-ipoexTy B ymoBax
HEBM3HAYEHOCTI; CTBOPUTH METOJ OaraTOKpHTEepiallbHOrO paH)XyBaHHS KaHAWAaTiB y komaHny IT-mpoekty y
HEYiTKIi TOCTAHOBIN; pPO3B’S3aTH MPUKIAJ] 337adi OaraTOKpUTEPIialbHOTO pAHKyBaHHS IPETEHICHTIB JUIS
nogajbmoro ¢popMmyBaHHsS KomaHau IT-mpoekry. BHKOpHMCTOBYBaHMMH MeTOOAMM € METOJ aHANi3y iepapxii,
METON  «IiHis», Meroau HewiTkoi apudmernku. OTpumani Taki pe3yasTatu. Po3pobieno wmeron
0araToKpuTepiaIbHOr0 paH)KyBaHHS KaHAWAATIB y KoMmaHny IT-TpoekTty, sKWil Bigpi3HSETHCS BiJl ICHYIOYHX
BHUKOPHUCTAHHIM HEWITKUX YHCEN JUISl 3aBIaHHs TepeBar KaHAnAaTiB Ta OIHIOBAaHHS y3arajJbHEHOI KOMIETEHTHOCTI
KO)KHOTO KaH/AWAaTa Ha OCHOBI MOPIBHSHB 3 €TaJIOHHOK KOMIIETEHTHICTIO, IO JJO3BOJISIE TTOKPALIUTH MOXIIUBOCTI
JUISl OLLIHIOBAaHHSI KaHIUaTiB. JlaHuii MeToq Moke OyTH BUKOPHUCTAHHM Ha TEPLIOMY eTarli CTBOpEeHHsS koMaHau [T
TIPOEKTY, KOJNU BigOyBA€ThCSI PAaH)XyBaHHS MOXJIMBHUX KaHAWAATIB 1O KoMaHau. Po3B’s3aHO 3anady BinOopy
MIPETeHAEHTIB sl mojansimoro ¢opmyBanHs komaHmu IT-npoexty. BucHoBku. HaykoBa HOBW3HA MeToxmy
0araToKpHUTepiaIbHOrO paHKyBaHHS KaHHUIATIB y KOMaHy POEKTY MOJISITAE B TOMY, 1110 Ha BiIMiHY BiJl iICHYIOUHX
B HbOMY BHUKOPHCTOBYIOTHCS HEWITKI YSBIEHHS TPO IEpeBaru KaHIWAATIB ITIPH OL[HIOBAaHHI Yy3arajibHEHOI
KOMIIETEHTHOCTI KOXKHOTO KaHAWJaTa Ha OCHOBI IOPIBHSHb 3 €TAJOHHOK KOMIIETEHTHICTIO, IO J03BOJISIE
MOKPALIUTH MOMJIMBOCTI Ul OL[IHIOBAHHS KaHIWIATiB. Y CTAaTTi pPO3IMJISHYTO MPUKIA] BHKOPHCTaHHS
3aMpONOHOBAHOTO METOJY JJIsS PO3B’sI3aHHS 3a7adi BiAOOPY MPETEHICHTIB JUIA TMOAAJBIIOT0 PO3B’sA3aHHS 3aadi
(opmyBanHs koMaHau [T-IpoekTy Npy HEYITKOMY OILIHIOBaHHI.
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