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ABSTRACT

Context. The article proposes a method of analyzing the proposals of team members in order to avoid conflict situations at the
stage of team formation.

Objective. The object of the study is the method of analyzing the proposals of team members while solving project tasks.

The purpose of the work is to analyze the developed method of analysis of proposals of team members to avoid or resolve con-
flict situations at the stage of team activation

Method. The developed method is based on the theory of matrix games. Conflicts between individual team members mainly
arise at the stage of team formation. For the project manager, it is important to identify the conflict situation in time and find a way
out of it to satisfy both team members and without harming the teamwork as a whole. A team created to implement an IT project is
often faced with a situation where two of its members have different visions of approaches to creating the final product. At the same
time, each of them has experience in the development of similar software products or services by different teams. To effectively
solve this situation, we suggest using approaches typical of bimatrix games, when each of these team members is considered as a
player. This takes into account the fact that the bimatrix theory of games is based on a conflict between two players whose interests
are opposite — an antagonistic zero-sum game is precisely the basis of the developed approach.

Results. The proposed method of analysis of proposals of team members contributes to the avoidance or resolution of conflict
situations at the stage of their closer interaction. For efficient solution of the said situation, we propose to use approaches being typi-
cal for bimatrix games when each of these team members is treated as a player. At the same time, account is taken of the fact that the
bimatrix game theory is based on a conflict of two players whose interests are opposite — an antagonistic game with a zero sum being
that very element to constitute the basis of the approach developed.

Conclusions. The given calculation of the model example shows that the use of the proposed method allows the project manager
to give a reasonable preference to another team member, since the expected average profit of this player is greater than that of the
first player. In this case, the manager has an opportunity to simulate situations for the players (for the team) and promptly respond to
probable deviations of their behavioral strategies from the optimal ones, establish healthy relationships between team members and
choose the best proposals for solving project tasks.

KEYWORDS: bimatrix game theory, project manager, IT project, bimatrix games, project team.

ABBREVIATIONS
IT — Information Technology;
LO — linear optimization.

Uf — the price of the game for the player B,

a, — the bottom price of the game for the player 4 ;
Ba — the upper price of the game for the player 4 ;
NOMENCLATURE ap — the bottom price of the game for the player B ;
B — the upper price of the game for the player B ;

A,B —players of the bimatrix game; i )
M 4(X 4,Xp) — the player’s mathematical expectation

A, — pure player strategies A4 ;

. A;

B, — 1 trat B, ’ )

n — pue prayer stra .egles ’ Mp(X ,4,Xp) —the player’s mathematical expecta-
C, — the payoff matrix of the first player 4 ; tion B
Cp — the payoff matrix of the second player B ;
i,j — the Nash equilibrium point; INTRODUCTION
X, — first player mixed strategy 4 ; Development of each software product or service is im-
X, — mixed strategy of the second player B ; plemented as a unique project requiring creation of a team of
0;4 — the price of the game for the player 4 ; realizers. Creation of an efficient team requires time and

work input for its development. Special software and project
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management methods contribute to quick team formation.
Implementation of these tools makes the team’s interaction,
communication and fulfilment of the task preset more effi-
cient. Many researchers focus their attention on development
of team formation algorithms and methods.

The purpose of the article is to develop a mathemati-
cal model for choosing optimal strategies for the behavior
of IT project members and, on the basis of this model, to
optimize the set of starting proposals of project partici-
pants in order to increase the effectiveness of its imple-
mentation.

The objectives of the research are to study the behav-
ior of the participants in a conflict situation using the ap-
paratus of bimatrix game theory and to provide a com-
promise solution for choosing the proposals of IT project
members. Existing approaches in research in this direction
are normative and declarative. In view of this, the paper
sets the goal of obtaining a specific content-algebraic
model of equilibrium according to Nash, and at the sec-
ond stage, to use the obtained results in project manage-
ment.

1 PROBLEM STATEMENT
Let the task be set: from the point of view of the bima-
trix game, it is necessary to analyze the behavior of par-
ticipants A and B in a conflict situation and provide a
compromise solution based on the recommendations for
choosing the strategies of the players’ behavior 4,, and

Bn. Let’s study a conflict between two players 4 and B.
The player 4 may adhere to own pure strategies

{Al,Az,...,Am} . The player B may choose one arbitrary
strategy of the following ones {B, ,Bz,...,Bn} , and on the

basis of this, make a choice of the situation in the game as
a whole. To solve this problem, we use the concept of the
optimal situation in the game for each player X, and X},
which is called Nash equilibrium.

For solving the situation described, let us use the bi-
matrix game theory in which the equilibrium situation is
called Nash equilibrium and consists in the following:

status (i* ]*) of bimatrix game

Ci=[a,],, Ca=[5],

is a Nash equilibrium point subject to meeting the condi-
tion for values of the of the first player 4 proposal matrix

a.<a...i=l..,n,
L v

as well as meeting the condition for values of the second
player B proposal matrix

b,*, Sbi*j*’ jzl,...,n-

v
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Existing approaches in research in this direction are
normative and declarative in nature. In this case, the goal
of the work is to obtain a specific content-algebraic model
of equilibrium according to Nash and, at the second stage,
to use the obtained results in project management as a
mathematical expectation of the players M 4(X 4,Xp)

Ta MB(XA’XB) .

2 REVIEW OF THE LITERATURE

The authors of article “A model for project team for-
mation in complex engineering projects under uncer-
tainty: A knowledge-sharing approach” [1] Mahdi
Hosseini, Peyman Akhavan proposed a model based on
knowledge sharing among separate team members for the
aim of optimizing distribution of the load between them.
Their approaches to project team formation are formu-
lated as a fuzzy multipurpose model of integer program-
ing 0—1, they adopt the approach of fuzzy multipurpose
programing with limited odds improving the efficiency of
decision taking as to abilities of the candidates under con-
ditions of uncertainty. The authors propose to solve the
problems by combining the genetic non-dominated sort-
ing algorithm II with algorithms of fuzzy modeling. The
calculation results have been proved and the efficiency of
such a combination clearly shown in provision of Pareto-
optimal solutions while creating the project team.

Margarita André Ampuero in her paper “Developing a
Model and a Tool for the Formation of Project Team” [2]
proposed an algorithm of a high-quality team formation
for successful implementation of a project. The author
carried out a deep analysis of models and tools for forma-
tion of project teams starting from detection of various
factors having impact on these processes. She described
the basic characteristics of the model and versions of a
configured tool supporting the model and helping using it
in various contexts enabling experiments with different
solution algorithms and methods for determining those
proposing the best results.

D.Strnad, N.Guid in the paper “A fuzzy-genetic deci-
sion support system for project team formation” [3] con-
sidered the problem of forming the optimum team be-
cause they believe that formation of the optimum team
including several dozens of members requires suitable
tools. In the researchers’ opinion, the selection process is
normally clearly defined, with formation of criteria for
each team that concern necessary abilities of the team
members. These abilities can be arbitrarily combined in
the personnel and the target function becomes self-
conflicting. This makes a team formation more difficult
and requires a special software support. The research pre-
sents a fuzzy genetic analytical model for a project team
formation based on quantity approaches but including the
possibility of determining personnel’s attributes from
dynamic quantity data, modeling complicated attributes
and processing the required excessive competence. This
approach provides a specification of requirements using
fuzzy descriptors and determining the formulated target
function contributing to maximization. For optimizing the
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selection of several project teams with probably conflict-
ing requirements, the authors proposed special adaptation
of an island genetic algorithm with a mixed crossover
where the suitability of a joint solution is used for govern-
ing the selection within the islands.

Nataliia Dotsenko, Dmytro Chumachenko and Igor
Chumachenko [4] in their paper “Project-oriented man-
agement of adaptive teams’ formation resources in multi-
project environment” took the processes of project-
oriented management of resources for creation of adap-
tating teams in a multiproject environment. The research-
ers proposed models and methods of project-oriented
management of resources for creation of adaptating teams
in a multiproject environment.

They proposed a set of methods for determining hu-
man resources strategies in a multiproject environment
providing for usage of stratified representation of re-
sources management processes in a multiproject environ-
ment that will enable analyzing the human resources
management processes. The paper has analyzed the spe-
cifics of the developed method based on the interested
parties in management of human resources for projects in
a multiproject environment.

The paper [5] “Formation of IT Project Implementa-
tion Team” provides an analysis of a project team forma-
tion criteria and the team effect on the project success. It
is indicated that a team is selected for each project at the
first stage of its implementation. The authors understand a
project team as a group of like-minders motivated to im-
plement the project. The paper an original order of form-
ing a project group providing for selection of realizers
under defined criteria based on weight factors assigned by
experts. The assessment is based on competences ac-
quired by graduates of IT faculties and represented in
vocational training programs [6].

For solving such a problem, the authors proposed to
create a mathematical support to construction of models
for assessment and control of technical and manufacturing
process values with use of artificial neural networks [7].
Their solution provides for proposing models enabling
automatic selection of a subset of minimum-size speci-
mens from the initial sample [8]. The approach proposed
by the researchers is applicable to various forms of exclu-
sion procedures used in games, particularly the iterative
removal of strictly dominated strategies and removal of
weakly dominated strategies.

However, for describing competitive situations with
participation of two players, it makes more sense, in the
researchers’ opinion, to use matrix games as zero sum
games for two players with finite sets of strategies with
presumption of matrix games being interesting in terms of
the analysis simplicity and structure specifics. Von Neu-
mann and Morgenstern deemed it reasonable to use linear
programming for solving these games. The described re-
searches are based on analyzing matrix games in the con-
text of pure strategies through such key notions and they
show the pure strategic Nash equilibriums to be saddle
points [9, 10]. The authors proposed the optimum strate-
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gies and the game value through solving a linear pro-
gramming problem [11].

The researchers proposed new interpretations to the
known method as to the competition of individuals in
pairwise interaction, they presented a class of models for
situations including more than two persons [12].

The author [13] consider using the matrix game theory
in case of the randomness matrix being winning. They
present several model solutions for this type of game
based on the win function characteristics and on the the-
ory of optimization with probability boundaries.

3 MATERIALS AND METHODS

At the modern stage of the IT branch existence, with
development of modern software products and services,
special attention is paid to creation of the team with ac-
count taken of the project specifics. Creation of a profes-
sional team for each project is one of important commit-
ments of the project manager who supervises the project
in general, controls its basic parameters and coordinates
activities of the team members. The project manager de-
fines their number and professional competences. A pro-
fessional team is created with the idea that it is not just a
set of employees but a complicated social system with
fixed interaction mechanisms the activities of which have
effect on the project lifecycle processes.

Correctly selected team members guarantee the pro-
ject to be successfully implemented in compliance with its
period and budget. The experience of many IT projects
showed that the team, as a rule, passes several stages in
the project implementation project: formation, getting into
closer interaction, functioning and dissolution. In this
article, let us focus on the first two stages.

4 EXPERIMENTS

While forming a team, the project manager gathers a
group of people uniting them by a common purpose. The
team formation process specifics consist in the fact that
the team members do not know each other and at this
stage, they get to know each other, study the project prod-
uct specifics, rules and regulations of interaction. This
stage also includes setting tasks to each team member and
determining the ways and methods of their fulfillment.
Getting into closer interaction. Creation of a team for a
new project also becomes more difficult due to the fact
that operation of the team, as an integral system, is to be
efficient and synchronized. Development of the corporate
feeling and formation of the general intera ction rules
inside such a team require some time. For successful pro-
ject implementation, its team needs to get united before
the beginning of an IT product development..

The well-coordinated work of a team fulfilling its joint
tasks is to begin at this very stage. It is distinguished by
increased probability of conflicts, which is caused by dif-
ference of team member characters, approaches and
methods of task fulfillment. The team accommodates the
growth of leaders, establishment of informal groups, de-
termining functions of separate team members, formation
of the group climate, internal culture, etc.
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This very stage, of team members getting into closer
interaction, is associated with conflicts appearing between
separate team members. For the project manager, it’s ex-
tremely important to reveal a conflict situation in proper
time and to find a way out of it to the satisfaction of the
both team members and without harm to the teamwork in
general. In our opinion, it is important for the project
manager to use matrix games in such a situation.

The matrix game theory was formed on a conflict of
two players with purely opposite interests — an antagonis-
tic game with a zero sum. In the real life, conflict situa-
tions use to appear much more frequently, in which the
interests of the players are not opposite any more, al-
though not coinciding.

Lets study a conflict between two players 4 and B.
The player 4 may adhere to own pure strategies

(4, 4,,...,4,}.

The player B may choose one arbitrary strategy of the
following ones

{B,,B,,....B,}

n

As they are participants to a team game where certain
rules are introduced, their possible combinatory choice is
subjected to a single-value estimation with a reward.
Thus, if the player 4 chose strategy 4 ; and the player B
chose strategy B,, the reward 4 will be equal to a;. The
win of another player B under these conditions will be
equal to by;. In this case

however, each player receives own win (winning situa-
tion). Such a serial search of strategies by the players de-
termines two tables of wins (winning situations)

Table 1 — Player A’s reward table

C, B B, B,

4 a ap o a,
4 ay Ay o a,
A aml amZ amn

Table 2 — Player B’s reward table

Cy By B, B,

Al bl 1 b12 tte bln
A2 b21 b22 e bZn
Am bml me te bmn

A team created for implementation of an IT project
often encounters a situation when two of its members
have a different vision of approaches to the final product
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creation. In this case, each of them has a big experience in
developing similar software products or services in differ-
ent teams. For efficient solution of the said situation, we
propose to use approaches being typical for bimatrix
games when each of these team members is treated as a
player.

Using the first team member concept for creating a
software product can be positively evaluated at » (#>0)
units, and the second team member concept is evaluated
at ¢ (r>0) some conventional units.

Let us assume that the conditional benefit of using
other proposals is equal to zero. The team of developers
will gain additional positive benefit s (s>0) subject to
using the proposal of the first player enabling adoption of
the experience of the previous team of developers who
worked at the same company. Let us use the following
calculations for taking the optimum decision and gaining
the greatest benefit.

We have a typical bimatrix game. The first player 4 —
submitted the first proposal. The second player B — the
second proposal. Each of the players has two strategies —
using the first proposal 4;, B; or the second one — A, B,.
Therefore

A=[4,4]. B=[B,B,]-

According to the game rules, the matrixes of benefits
are equal for the players:

Player A
C, B, B,
A r r+s
A, S 0
Player B
Cy B B
4, ! S
A t+s 0

or in a matrix form:

C_rr+sc_z‘ s. :
7 s 0 B lisrs 0 &

For a bimatrix game, as well as for a matrix one, the
created matrixes provide a quantity description of certain
statuses in the game in which the interests of the players
do not coincide. The main task of the bimatrix game the-
ory is providing recommendations on players behavior
with the aim to get the optimum result in a conflict situa-
tion of the game.

The optimum game result is reasonable behavior of
the players and following the concept of balancing. As the
interests of players are different, the project manager has
to find a compromise solution that would satisfy as far as
possible the both players and the team in general. In fact,
this means that the recommended situation in the game is
when departure from it would not increase the players’
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wins but reduce them the other way round, or be a com-
promise in the best case. This status in the game is called
equilibrium.

In the antagonistic matrix game theory, the equilib-
rium situation is associated with the saddle point. For
solving the situation described, let us use the bimatrix
game theory in which the equilibrium situation is called
Nash equilibrium and consists in the following: status

(i°j") of bimatrix game

C.= [“iflxn’ Cs

=[o],..

is a Nash equilibrium point subject to meeting the condi-
tion for values of the of the first player 4 proposal matrix

as well as meeting the condition for values of the second
player B proposal matrix

b. <b...j=1...,n
iy

In other words, the locations of the matrixes accom-
modating at the same time the biggest values in columns
for matrix Cy of the first player 4 and in rows for matrix
Cp of the second player B — are the Nash equilibrium
points.

The team assigns certain weight factors from 0 to 9 to
the arguments in favor of the proposal of each player. If
the bimatrix game is set by matrixes:

25 37Q
=®@Q@ 1| G=[7 ® 1 @)
3 ® 4 4|

For finding possible equilibrium points in pure strate-
gies for the first player A, we need to choose the biggest
values in columns of matrix C, . For visual clarity, we
mark these elements with circles. We need to choose the
biggest values in rows to determine the candidates for the
second player’s equilibrium point. Let us encircle them as
well for visual clarity.

The locations encircled in the both matrixes determine
the Nash equilibrium points. In the first example, we have
three such points — (4;, B; ); (4,2, B,); (43, By ). Each of
these points sets the optimum dyad of the players’ pure
strategies:

(4.8) | " =[10.0], (4.8 | " =lo.Lo]
T X, =[000] T T X, =[0,1,0]
X, =[0,0,1
(4,B)=| " [0.0.1]
X, =[1,0,0]
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If the bimatrix game is set by matrixes

6 @ 2 ® 4 2
=13 2@ =1 @O
@8@, 6 1 8]

In this example, we have one equilibrium point

.. =[0,1,0]

A,,B
( 2 3):> XBsz[O,O,l]

If the bimatrix game is set by matrixes

7 1 1
=1 ®0O® =®
4

0
1
@ 6 7 1

|

For this matrix game, there is no equilibrium in pure
strategies. If the bimatrix game is set by matrixes

RS T

For this couple of matrixes, a Nash equilibrium does
not exist.

For bimatrix games, like in the matrix game theory,
equilibrium points do not always exist like in variant 3,
which just confirms such a case. Therefore, it makes
sense to move from pure strategies to mixed ones. In this
case, the players repeat many times their pure strategies to
search the equilibrium, however, with certain frequencies
(probabilities).

Should the game be repeated many times with con-
stant conditions, player A applies own strategies {4;,45,...,
A,} with respective frequencies {p,p,....ps},

Zn p,=1X,
i=1

A move is carried out to mixed strategies by defining
frequencies of using pure strategies for the first player.
Player B applies frequencies

4,1 g, =1 @
i=1

=[pisPrespn ] B

X, = [ql,qz,...

of own strategies {Bj, B»,...,B,}.

The mixed strategies allowed broadening the tasks of
bimatrix games and finding possibilities of more reason-
able distribution of wins in the game as average values —
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mathematic expectations set by matrix distributions Cy
and Cg, and calculating by the formulae:

MA(XAaXB)ZZZaUpiqj’ Q)
=1 -1

MB(XA?XB)ZZZbijpiqj. (6)

i=1 j=1

Status (X*, , X*p ) in the bimatrix game system is
given by frequencies

X,=[p.psp] (7

and

*

X,=[a/.95.. .4, ] ®)

as a Nash equilibrium in mixed strategies, if the follow-
ing conditions are met for any X, and Xj:

MA(X;’X;)ZMA(XA’X;)9 ©)

My (X, X))2M,(X,.X,). (o)

These conditions of a bimatrix game equilibrium
status are interpreted as follows: departure from the sys-
tem status (X*;, X*3) by one of the players, subject to
reserving their own choice by the others, does not enable
this player to increase the win. In other words, changing
the equilibrium status in the bimatrix game system makes
no sense for any of the players.

Let the player 4 have pure strategies {4;,4,,...4,}.
Each of them correlates with vector of frequencies X;,
i=1, 2, ...,n. Thus, pure strategy A; corresponds to fre-
quency vector

X, =[1,0,.,0] (11)
Similarly, for the other player B
XBI:[I,O,...,O]. (12)

Therefore, frequency vectors X; and Xp;, =1, 2, ...,n.
have been put to correspond to each pure strategy of the
players.

In this case, the system of conditions describing point
(X*s, X*p) of the bimatrix game equilibrium can be re-
corded as follows:
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M, (X x,)-M (Xx,.X;)=0,
M, (X Xx,)-M,(X,,.X,;)=0,
M, (X x,)-M, (X,.X;)=0, .
My (X, x,)-M,(X,,x,)=0,
My (X5, x,)-M, (X, X, )20,
My (X,x,)-M,(X,,x,)=0.

Take note that the relation symbols between the parts
of conditions of system (13) can be rechecked following
the principle of limit solutions in the theory of linear (in
our case relative to products p,q;) inequalities (comple-
mentary slackness) [6]. Thus, if at equilibrium point (X*,,
X*p) component pl >0, the respective inequality is

solved as an equation (so-called active correlation)
M (X x,)-M ,(X,.X,)=0 (14
and if g*; >0 — we have equality

MB(X;’X;)_MB(X:’XB/):0~(15)

Let (X*;, X*p) be an equilibrium point in mixed bi-
matrix game strategies. In this case, from the condition of
the so-called passive correlation

M, (x5, x,)-M (X ,.X,)>0(16)
we get p*; >0 p: = (), and from condition
M, (X5, x;)- MB(X:,XBJ)> 0 (17

we get g*; >0.

The system of conditions (13) lets us study a bimatrix
game from the normative point of view and always detect
equilibrium points in mixed strategies. This approach is a
consequence of the known principle of limit solutions in
the theory of linear inequalities. Each system of linear
inequalities compatible with rang>0, above the real num-
ber field, contains at least one subsystem of the same rang
and with a number of inequalities equal to this rang, each
solution of which converts the inequality into equation
and complies with the initial system. In our case, the sys-
tem is linear relative to products p;q;.

The full solution of the problem will include a bima-
trix game solution based on correlations of the condition
of Nash equilibrium (13) and two couples of antagonistic
matrix games with a zero sum.
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Let us have a bimatrix game given by matrixes C4, Cp
of two players 4 and B.

C,=

N N N
N —

5 3 8
7 10:C,=|7 1
3 8 4

00

The frequency vectors of mixed solutions of the first
and second players are respectively equal to:

XA = [plap2ap3]: [pl’pz’l_ b~ pZ]’ (18)

Xy = [q”qza%]: [CI1’92,1_ q, _CI2]' (19)

In this case, the game value for player 4

a a 3 3
4
vy =My (X, Xp) =2 Y aypig; =20 4;pid; = 20
i=1j=1 i=1j=1 (20)
=(-4q1+2q2)p1+(591+992-5)pr-3q,+6.
and for player B
B 3 3
Oy =Mp(X 4, Xp)=2 > bypiq; = @)

i=1 j=1
=(-9p1+2p, +4)q1+(=p1+7p2) q2+4p1— 3prt+4.

For calculation of the problem solution, we compose
system of conditions (13)

(44, +24,)p, +(5¢,+9q, = 5)p, 20,
(49,—-2q,)d—-p,)+ (59, +9¢,=5)p, =20,
(44, +29,) p, +(5¢, + 99, = 5)(p, - 1) 20,
(-9p,+2p, +4q,+(=p, +7p,)q, 20,
Op,-2p,-H(-q)+(=p,+7p,)q,20,
(-9p,+2p, +Hq,+(p,—7p,)1—q,)20.

(22)

Solution of system (12) looks as follows:

A

[ﬁ,i,ﬁ} ~[0.46,0.07,0.47]= [46%,7%,47%]’
61761761
108
V="~ 4,70"
23

[i,l—g,%} ~[0.22,0.43,0.35] = [22%,43%,35%]
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We form the first matrix game

M, (X Xx,)-M ,(X,.X;)=0,
M, (X, x,)-M, (X,.X;)=0,
M (X x,)-M, (X,.X,)=20, .
My (X5, x,)-M,(X,,X, )0,
M, (X, X,)-M, (X, x,)=0,
My (X5, x,)-M,(X,,X, )20
W =x"+x" +x," — min,
2x "+ 6x," +6x," > 1,
Q5 +7x" +3x" =1, 24

*A4 *A4 *A
6x," +x," +6x,7 21,

A
xt=2 xe[0], i=1,23,

i
A

Solution of the problem by simplex method is given in
Table 1.
From the last simplex table, we obtain:

_ 19 as
216

*A_S *A_l’ * 4

x 0= x," = X
' 72 77 18 7
1 4
— _ and _~*4 X,
= A =

X i -
UA

*A *A *A4
Xl + x2 + x3
x 2
UA

i=1,2,3 we get:

nof B8 190 1033,026,041) = [33%,26%.41%]
46723746
108
v =——~4.70.
23

Let’s compose the next matrix game.
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Table 3 — Solving the problem by the simplex method

a a a; as as as
Basis C B
1 1 1 0 0 0
a, 0 -1 -2 -6 -6 1 0 0
as 0 -1 -5 -7 -3 0 1 0
as 0 -1 -6 -1 -6 0 0 1
Aj WiXo)= 0 -1 -1 -1 0 0 0
ai 1 172 1 3 3 -12 0 0
as 0 3/2 0 8 12 -5/2 1 0
ag 0 2 0 17 12 -3 0 1
Aj Wixy)= 112 0 2 2 -1/2 0 0
ai 1 - 1/16 1 0 -3/2 7/16 - 38 0
a 1 3/16 0 1 3/2 - 5/16 1/8 0
as 0 —-19/16 0 0 -27/2 37/16 - 17/8 1
Aj Wi(Xz) = 1/8 0 0 -1 1/8 - 1/4 0
a 1 5/72 1 0 0 13/72 - 5/36 - 1/9
a 1 1/18 0 1 0 - 1/18 - 19 1/9
as 1 19/216 0 0 1 —-37/216 17/108 - 227
Aj Wi(Xop) = 23/108 0 0 0 - 5/108 - 5/54 - 2/27

We solve the optimization problem by simplex meth- , 108 )
od as per Table 4 below. Vi = 23 ~ 4,70
Wit ="+ 3"+ py - max, We evaluate the lower and the upper boundaries of the
2y1*A n Sy;‘A 6 y;‘A <1 game result for matrix C, of the other player, being equal
* * * * = 1 = d
O d6y + Ty 4y <, 0o, =maxminC, =4 an
1 yl*A yfA Y3 5 25)
< * * * * .
o +3y," +6y; " <1, W, =x"+x" +x,” > min,
A
yit=2e yiefo1], i=1,2.3. 3x/" + 7x," +8x" 21,
Vi . Q1 7x +8x)7 +4x17 > 1
From the last simplex table, we obtain: ! ! 2 57 (27)
y*A = —2 ’y*A:i7 y*A = _5 . As 8x13+x23+4x3321’
‘ 7 7% 54 7° 108 X
* A * 4 * 4 1 d 4 iA i =U_lx’ i 6[0’1], =123
Yoot Y, ;s =_yan Yi :_y’ . 8
vy vy Bp=minmaxCp=8
I=1,2, 3 we get: The first one looks as follows.

yro| 210 8 1 022,043,035
2323723

(26)
[22%, 43%, 35%].
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*
X

m
B

Table 4 — Optimization problem by simplex method

a) a as [ as dg
Basis C B
1 1 1 0 0 0
ay 0 1 2 5 6 1 0 0
as 0 1 6 7 1 0 1 0
ag 0 1 6 3 6 0 0 1
A, Wi(Y9= 0 -1 -1 -1 0 0 0
a, 0 2/3 0 8/3 17/3 1 -1/3 0
a, 1 1/6 1 7/6 1/6 0 1/6 0
ag 0 0 0 -4 5 0 - 1/1 1
A Wu(Y) = 1/6 0 1/6 - 5/6 0 1/6 0
a, 0 2/7 -16/7 0 37/7 1 —-5/7 0
a; 1 1/7 6/7 1 1/7 0 1/7 0
ag 0 4/7 24/7 0 39/7 0 -3/7 1
Aj Wi (Yy) = 1/7 - 1/7 0 - 6/7 0 1/7 0
a, 1 2/37 - 16/37 0 1 7/37 - 5/37 0
a; 1 5/37 34/37 1 0 - 1/37 6/37 0
as 0 10/37 216/37 0 0 —-39/37 12/37 1
A Wu(Ys) = 7/37 -19/37 0 0 6/37 1/37 0
a3 1 2/27 0 0 1 1/9 - 1/9 2/27
a; 1 5/54 0 1 0 5/36 1/9 —-17/108
a 1 5/108 1 0 0 —13/72 1/18 37/216
A Wi (Yop) = 23/108 0 0 0 5/72 1/18 19/216
We solve optimization problem (15) by simplex W;B = yl*B + y;B + y;B — max,
method as per Table 5. . - .
From the last simplex table, we obtain: 3+ Ty, +8yy7 <1,
*g , g1 , g 29 Q:IB: 7y1*8+8y23+y;3£1,
ho 86 > 786 YT 344 *B *B *B (28)
8y, " +4y,” +4y," <1,
T U e R
U, Vi :F, Vi E[O,l], l:1,2,3.
i =1,2,3 we finally obtain: B
28 4 29 o/ 0 o/ Ts .
el 6l ~[0.46,0.07,0.47] = [46%,7%,47%| We record a problem being dual to (15).
We solve optimization problem (16) by simplex
344
0= p_— 5.64. method as per Table 6.
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Table 5 — Solution of the optimization problem (15) by the simplex method

a, a, as ay as as
Basis C B
1 1 1 0 0 0
a, 0 -1 -3 -7 -8 1 0 0
as 0 -1 -7 -8 —4 0 1 0
as 0 -1 -8 -1 -4 0 0 1
A WiX)=_ 0 -1 -1 -1 0 0 0
a, 1 1/3 1 7/3 8/3 - 1/3 0 0
as 0 4/3 0 25/3 44/3 - 173 1 0
as 0 5/3 0 53/3 52/3 - 8/3 0 1
A WiXx)= 173 0 4/3 5/3 - 1/3 0 0
a 1 /11 1 9/11 0 1/11 -2/11 0
az 1 1/11 0 25/44 1 —7/44 3/44 0
as 0 1/11 0 86/11 0 1/11 —-13/11 1
Aj Wi (Xp) = 2/11 0 17/44 0 —3/44 —5/44 0
a, 1 7/86 1 0 0 7/86 — 5/86 — 9/86
as 1 29/344 0 0 1 —57/344 53/344 —25/344
as 1 1/86 0 1 0 1/86 —13/86 11/86
Aj Wi(Xop) = 61/344 0 0 0 —25/344 —19/344 —17/344
Table 6 — Solution of the optimization problem (16) by the simplex method
a a as dag as 273
Basis C B
1 1 1 0 0 0
a, 0 1 3 7 8 1 0 0
as 0 1 7 8 1 0 1 0
ag 0 1 8 4 4 0 0 1
Aj Wi(Xp)= 0 -1 -1 -1 0 0 0
ay 0 4/7 0 25/7 53/7 1 - 3/7 0
a 1 1/7 1 8/7 177 0 177 0
ag 0 - 1/7 0 -36/7 20/7 0 -8/7 1
A; Wun(Y)=_ 117 0 1/7 - 6/7 0 1/7 0
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Table 6 continuation

a 0 1/8 —25/8 57/8 1 - 7/8 0
a; 1 1/8 7/8 1/8 0 1/8 0
as 0 172 9/2 72 0 - 12 1
A; Wi (Ys) = 1/8 - 1/8 - 718 0 1/8 0
as 1 1/57 —25/57 1 8/57 - 7/57 0
a 1 7/57 53/57 0 - 1/57 8/57 0
as 0 25/57 344/57 0 —28/57 — 4/57 1
A; Wn(Y3)=  8/57 —29/57 0 7/57 1/57 0
a; 1 17/344 0 0 1 9/86 —11/86 25/344
a; 1 19/344 0 1 0 5/86 13/86 —53/344
aj 1 25/344 1 0 0 - 7/86 - 1/86 57/344
Aj Wi (Yop) = 61/344 0 0 0 7/86 1/86 29/344
Table 7 — Summary table of bimatrix game solutions
_
Bimatrix game
2 5 6 3.7 8
c,=16 7 1 C,=|7 8 1
6 3 6 8 4 4
Solution for the first player A
108
X, = ﬁ,i’ﬁ ~[0.46,0.07,0.47] =[46%,7%,47%| y=——~470
’ 61 61 61 23
Solution for the second player B
344
X, =| =20 81 1022,043,035] = [22%,43%.35%) = =564
23°23°23 61
Matrix game 256 (matrix of the first player)
C,=16 7 1
6 3 6
Solution of primal and dual problems
108
X = 156 19 ~[0.33,0.26,0.41] = [33%,26%, 41%)] vy =—-=4,70
114672346 23
, 108
Yy = i&ﬁ ~[0.22,0.43,0.35] = [22%,43%,35%] vy =——=4,70
23°23°23 23
Matrix game 378 (matrix of the second player)
C,=|7 8 1
8 4 4
Solution of primal and dual problems
28 4 29 344
Xr=|22 2 =2 1~[0.46,0.07,0.47] = [46%, 7%, 47° vy =——~5,64
g [61’61’61j| s s ) 5761
25 19 17 e
Yy =| 22,2, =" |~ [0.41,031,0.28] = [41%, 31%, 28° Uy =——==5,64
i [61,61,61} [0.41,0.31,0.28] = [41%, 31%, 28%)] S =]
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From the last simplex table, we obtain:

g s 25 e 19 17 A
! 344 7 344 77 344
1 B
*B *B *B * Vi
DR R _U_yandyi3=79
B B

=1,2,3 the game solution looks as follows:

i
) {E 9 Q} ~[0.41,0.31,0.28] = [41%, 31%, 28%]’

61°61°61
u%:éﬂi~564
61
5 DISCUSSION

The summary table of solutions to the bimatrix game
and its respective matrix games is given in Table 7.

Having analyzed the calculation results, we formulate
several important statements:

— The optimum mixed solution of the first player

X, = ﬁ,i,_ in the bimatrix game coincides
61 61 61
28 4 29

with mixed solution X ;' = {a,a,a

} in the matrix

game given by payoff matrix ¢, of the other player B.

In other words, the optimum behavior of the first player is
a result of solving the primal optimization problem for the
second player, i.e. the first player will not take account of
own matrix — all the attention is paid to the matrix of the
other player; but at the same time, the value of win

vy = 108 470
23

is a result of solving dual optimization problem

vy = 108 470
23

for the matrix game given by own matrix Ca.
— The optimum mixed strategy of the other player

_[5 108
§ 23723723

coincides with the calculation of dual optimization prob-

yro[5 10 8
2372323

for the first player. Therefore, the optimum behavior of

lem

the second player is fully derived from matrix C, of the

first player — the values of own wins do not matter.

— The value of win
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0)1; zﬁz5.64
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of the dual problem for the second player.

— Solutions of the dual LO problem for the first
player’s matrix game and of the primal LO problem for
the second player’s matrix game give the full result of the
bimatrix game solution. Thus, we can skip the calculation
of the bimatrix game in general, but solve two separate
matrix games.

— The players’ behavior in the bimatrix game is some-
times subjected to strange transformations — the players’
behavior strategies begin not to depend on the value of
their own benefit. The players start to be only concerned
about what the other player’s benefit would be. We en-
counter the effect of behavior confrontation or antago-
nism. This fact can be related to the modern direction in
the game theory — the behavior game theory and requires
further research.

The approach proposed is taken as the basis of the rec-
ommendation system.

CONCLUSIONS

For a project team, it’s extremely important to begin
implementing a project in compliance with the calendar
schedule. The proposed method of analyzing the team
members’ proposals contributes to avoiding or solving
conflict situations at the stage when they get into closer
interaction. The provided calculation of the model exam-
ple shows that using the proposed method enable the pro-
ject manager giving a well-grounded advantage to the
other team member as the expected average win of this
player is bigger than of the first player . In this case, the
manager has the possibility to model situations for the
players (for the team) and to promptly respond to prob-
able departures of their behavior strategies from the opti-
mum, to establish sound relations between the team
members and to select the best proposals for solving the
project tasks. Further research provides for designing an
information system as a project manager’s tool that is
based on the method elaborated.
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BUKOPVCTAHHS IMTOBEJTHKOBOI'O AHTATOHI3MY TA BIMATPUYHOI TEOPII ITP B YIIPABJITHHI
IT-TIPOEKTAMUA

Yepuos C. K. — 1-p Texs. HayK, npodecop, 3aBixyBad kadeapy ynpasiiHHs MpoekTaMu HarioHamsHOTO yHIBEPCUTETY KOpabdiie-
OymyBaHHS iMeHI agMipana MakapoBa, M. MukouaiB, YkpaiHa.

Yepuosa JI6. C. — kaH1. TeXH. HAyK, JAOLCHT, JOUEHT Kadeapu iHPOpMAaLifHUX yIPaBIITIOUYNX CHCTEM Ta TexHojoriii Hariona-
JIBHOTO YHIBEPCHTETY KopabneOyayBaHHs iMeHi axmipana Makaposa, M. Mukonais, YkpaiHa.

Yepuosa Jla. C. — 1-p TexH. HayK, JOICHT, TOLCHT Kadeapu iHGpopMaIiifHUX yIpaBIIsSIOYUX CUCTEM Ta TexHouorii Harionans-
HOTO yHiBepcHTeTy KopabieOyayBaHHs iMeHi anmipaina MakapoBa, Mukonais, YkpaiHa

Kynaneus H. E. — 1-p Hayk, npodecop, 3acTynHuk 3aBigyBada kadeapu inbpopmaniiinux cucreM i Mepex HarioHanbHoro yHi-
BepcuteTy «JIpBiBChKA MOMiTEXHiKay, M. JIbBIB, YKpaiHa.

TitoB C. [I. — noneHT kadeapu Buioi MareMaTuku HamioHanpHOTO yHiBepcUTeTy KopabyieOyayBaHHS iMeHI aaMipaia Makapo-
Ba, M. MukounaiB, Ykpaina

Tpymasikos E. I. — n-p texn. mayk, mpodecop, mpodecop kadenpu konaumionyBaHHs Ta pedpexeparii HamionamsHOro
yHIBepCHTETY KopabieOyayBaHHs iMeHi anmipaia Makaposa, M. Mukouais, Ykpaina

AHOTAIIA

AKTyaJIbHICTB. Y CTaTTi 3alpONOHOBAHO METOIUKY aHAJi3y MPOMO3HUIIN WICHIB KOMaHIM 3 METOI YHHKHEHHS KOH(MIIKTHHX
CUTYyaliil Ha eTari GopMyBaHHSI KOMaHIIH.

O0’€KTOM OCHTIPKEHHS € METOAUKY aHaJli3y MPOTO3MIiN YYACHUKIB KOMaHIH MIPY BUPIIICHHI 3aBIaHb MIPOCKTY.

Meta podotu — [IpoananisyBatu po3poOieHy METOAMKY aHaji3y MPOMO3MLill Y9aCHUKIB KOMaHAH I0J0 YHHUKHCHHIO ab0 BUpI-
IIEHHIO KOH(IIKTHUX CUTYaIlilf Ha eTalli CIpanbOBYBaHHS KOMaH/II

Metona. Po3pobiennii meron 6azyerbest Ha Teopil MaTpu4HUX irop. KoHQUIIKTH MiJK OKpEeMHMH 4IeHAaMH KOMaHIHW B OCHOBHOMY
BHHHKAIOTh Ha eTami GopMyBaHHs KoMaHIH. J[isl KepiBHUKA MPOEKTY BaXKIMBO BYACHO BUSIBUTH KOH(IIIKTHY CHTyawLilo i 3HAHUTH 3
Hel BUXif, 11100 3aJOBOJEHUTH 000X WICHIB KOMaHAM 1 0e3 KoM st KoMaHIHoT po6oTyu B wiomy. KoManna, cTBopeHa Juis peati-
3anii IT-npoeKTy, 4acTo CTUKAETHCS 3 CUTYAIII€I0, KOJIH JBOE 1i yYaCHHKIB MArOTh pi3He GayeHHs MiAXO/IB 10 CTBOPEHHS KiHIIEBOTO
npoaykty. [Ipu bOMy KOXEH 3 HUX Ma€ BEIUKHIA JOCBIA PO3pOOKH MOAIOHUX MPOTrPaMHUX MPOAYKTIB 200 CEPBICIB pi3HUMH KOMaH-
namu. [ eeKTHBHOTO BHUPILICHHS 3a3HAYCHOI CUTYallii MH POIIOHYEMO BUKOPHCTOBYBATH ITiIXOIH, XapaKTEPHi I OIMaTPpUIHIX
irop, KOJIM KOXKEH 13 IUX YYaCHHUKIB KOMaH/AN PO3TIISAAEThCS K TpaBelb. [Ipu IboMy BpaxoBY€eThCS TOH (akT, M0 B OCHOBI Oimar-
pHUHOT Teopil irop JIeXHUTh KOHQIIIKT ABOX IPaBIiB, IHTEPECH SIKUX IMPOTHIEKH] — aHTarOHICTHYHA I'pa 3 HyJIHOBOIO CyMOIO SIKpa3 i €
OCHOBOIO PO3POOJICHOTO MiXOTY.

Pe3yabTaTH. 3anponioHOBaHA METOJMKA aHANI3y NMPOIO3HIIH yYaCHUKIB KOMaH/M CIIPHsE YHUKHEHHIO a00 BUPIIICHHIO KOH)III-
KTHUX CUTYyalliii Ha eTami 1X OimbII TicHOT B3aemomii. [l e(eKTUBHOTO BUPINICHHS 3a3HAYEHOI CUTYyAIlil MU MPOMOHYEMO BUKOPHC-
TOBYBATH MiJIXOIH, XapaKTepHi sl OIMATPHYHUX irop, KOJNK KOXEH i3 IMX YYacHHKIB KOMaHIU PO3MILIIAETHCS SIK TpaBelb. [lpu
LIOMY BPaxOBYETHCsI TOM (akT, 1110 B OCHOBI OiMAaTPUYHOI TEOpii irop JexuTh KOHQIIIKT JBOX I'PABLIB, iIHTEPECH SIKUX HPOTHICKHI —
AQHTaroHiCTUYHA Ipa 3 HyJHOBOK CYMOIO € CaMe TaKHM EJIIEMEHTOM, SIKHUH 1 € OCHOBOIO pO3POOJICHOTO MiAXOY.

BucnoBku. HaBeneHuii po3paxyHOK MOJENBHOTO NPUKIIALY IOKAa3ye, 10 BUKOPHCTAHHS 3alPOINIOHOBAHOTO METOAY J03BOJISIE
KEpiBHUKY NPOEKTY HaJaBaTH OOIPYHTOBaHy IepeBary iHIIOMY 4WICHY KOMaH[H, OCKIIbKH OYiKyBaHHH CepelHiil BHrpall LbOro
rpaBIsl € OUTBIINM, HDXK IEpIIOro IPaBIil. Y IIbOMY BHUIIAJKY MEHEKEP Ma€ MOXKIMBICTH MOJEIIOBATH CHUTYyamii JUIsi TPaBIiB (JuIst
KOMaHJIM) i ONepaTHBHO pearyBaTH Ha WMOBIPHI BiJXMJICHHs CTpaTeriii X IOBEIIHKM BiJl ONTHMAaJbHHX, HAJAro/KyBaTH 310POBi
CTOCYHKHM MDX WICHaMH KOMaH/X 1 BUOUpATH HaWKpallli IPOIIO3ULIT 11010 BUPILICHHS 3aBJIaHb IPOCKTY.

KJIIOYOBI CJIOBA: 6imarpuuHi irpu, Teopii MaTpU4YHUX irop, ynpasiinss [T npoektamu, popMyBaHH KOMaH/IH.

© Chernov S. K., Chernova Lb. S., Chernova Ld. S., Kunanets N. E., Titov S. D., Trushliakov E. 1., 2023 @ @ @
DOI 10.15588/1607-3274-2023-2-16 OPEN (o ) ACCESS

164



p-ISSN 1607-3274 Pagioenexrponika, inpopmaTuka, ynpasiinus. 2023. Ne 2
e-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2023. Ne 2

JITEPATYPA 6.

1. Mahdi Hosseini S. A model for project team formation in
complex engineering projects under uncertainty / S. Mahdi
Hosseini, Peyman Akhavan // A knowledge-sharing ap- 7.
proach —2017.—Vol. 46, Issue 7. — P. 1131-1157.

2. Ampuero M. A. Developing a Model and a Tool for the
Formation of Project Team/ Margarita André Ampuero //
Latin American Women and Research Contributions to the
IT Field. — 2021, 23 p.

3. Strnad D. A fuzzy-genetic decision support system for pro- 8.
ject team formation / D. Strnad, N. Guid // Applied Soft
Computing. — 2010. — Vol. 10, Issue 4. — P. 1178-1187.

4. Dotsenko N. Project-oriented management of adaptive
teams’ formation resources in multi-project environment / 9.
Nataliia Dotsenko, Dmytro Chumachenko and Igor Chu-
machenko //Applied Soft Computing. — 2010. — Vol. 10, Is-
sue 4. —P. 1178-1187.

5. Formation of IT Project Implementation Team / Ruslan  10.

Nebesnyi, Volodymyr Pasichnyk, Nataliia Kunanets, Na-

taliia Veretennikova, Oksana Kunanets // IEEE 15th Interna-  11.
tional Conference on Computer Sciences and Information  12.

Technologies (CSIT). — Zbarazh, Ukraine. — 2020. — URL:
https://ieeexplore.ieee.org/document/9322005

13.

Harold William Kuhn and Albert William Tucker Linear
Inequalities and Related Systems. (AM-38), Volume 38 in
the series Annals of Mathematics Studies, 346 p.

Using Neuromodels for Evaluating and Determining Pro-
ductivity Technical / S. Leoshchenko, A. Oliinyk, T. Zaiko
et al] // Processes 2020 IEEE International Conference on
Problems of Infocommunications. Science and Technology
(PIC S&T) 06-09 October
2020DOTI: 10.1109/PICST51311.2020.9468053

Subbotin S. A. Methods of sampling based on exhaustive
and evolutionary search / S. A. Subbotin //. Aut. Control
Comp. Sci. — 2013. — Volume 47, pp 113-121.
hdoi.org/10.3103/S0146411613030073

Joel Orverem Application of Matrices to the Theory of
Games / Joel Orverem, Azuaba Emmanuel // Journal of Ni-
gerian Association of Matematical Physics. — 2016. —
Vol. 36(2). - P. 25-28

Game Theory and Mechanism Design. — Berlin, 2014. —
P. 131-148. doi.org/10.1142/9789814525053 0009

Peters H. - 2008 Matrix Games Game Theory springer
Broom M. Multi-player matrix games / M. Broom, C. Can-
nings and G. T. Vickers // Bulletin of Mathematical Biol-
ogy. — 1997.— Vol. 59, No. 5.— P. 931-952.

Racko Lukas Matrix games with random payoff / Lukas
Racko. — Prague 2021. — 35 p.

© Chernov S. K., Chernova Lb. S., Chernova Ld. S., Kunanets N. E., Titov S. D., Trushliakov E. L., 2023 8 [@ G ©
OPEN ACCESS

DOI 10.15588/1607-3274-2023-2-16

165





