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In this article we have researched the features of the choice and application of optimal strategies
in the game models of stakeholders’ management of the education project on the base of the matrix
game. Taking into acount all the possible scenarios of stakeholders’ actions in the project, the
payment matrix and significant combinations of the key factors have been considered. The problem
of providing the regional labour market with specialists in the engineering, technical and vocational

direction has been studied.
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Introduction. The Ministry of Education and Sci-
ence has elaborated a draft: «Strategy for the Reform
of Higher Education in Ukraine by 2020». The goal
of the reform is to create a competitive national sys-
tem of higher education,to transform universities into
centres of independent thought, to provide fair com-
petition between institutions of higher education as
a guarantee of high quality of higher education, and
also to create an appropriate link between the labour
market and the system of higher education. The main
challenges of the higher education system are the need
to provide the training of skilled professionals for the
labour market, to transform the economic model into
a «knowledge-based economy», the need for higher
education institutions to train professionals to meet
labor market requirements, and to increase practical
skills for graduates.

Formulation of the problem and analysis of
recent research and publications. Since a significant
number of potential entrants are currently leaving to
study abroad, and graduates of Ukrainian universities
are not employed according to their specialty, there is
a shortage of labour resources in working and engin-
eering specialties at the enterprises of the regions of
the country. In this regard, it is necessary to monitor
the demand of personnel with vocational and engin-

eering education in the leading manufactoring and
industrial enterprises and sectors of the region. As
an interested party, the University can use the infor-
mation lever of the impact on young people studying
in colleges, comprehensive schools and vocational
schools, orienting them to the regional labour market,
offering educational services in the field of specialty
and specialization.

The success of the implementation of such pro-
jects depends on the mutual expectations of universi-
ties and other project participants. There is a need to
develop and evaluate options for possible scenarios
for an educational project. The latest edition of the
PMBOK Guide has been added with a new area of
knowledge «The stakeholders’ management of the
project» — this indicates the relevance of the research
in this area.

The analysis of publications shows that «the rela-
tions that are made between stakeholders and the
resources that they possess are largely determined
by national, social and economic peculiarities, there-
fore, even existing developments require adaptation
to Ukraine's conditions». The analysis of approaches
to the definition of stakeholders of projects imple-
mented in higher education institutions [2] has been
carried out.
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The monograph [3] has developed a methodo-
logical approach to choosing the strategies of cooper-
ation between universities with each of the interested
parties, taking into account possible scenarios of
interaction between the stakeholder groups among
themselves. It has been shown that scenarios allow
us to analyze and plan non-standard situations and
to understand under which conditions a favorable or
unfavorable situation may arise. The scenario helps to
assess the ways how we can and should influence the
processes that lead to acceptable and unacceptable
measures for the organization.

The combination of strategies, according to the
authors, allows you to simulate any situation in
the project, as well as the bases for using the game
models through characterization and repetition. The
options for combining strategies for player behav-
ior are determined by the terms of a specific project
environment: relationship between the stakeholders,
experience and knowledge of the project manager,
company or team standards, requirements declared in
the project charter, etc. [4].

Scientifically grounded methods are required for
competent solving of problems with conflict situations.
Such methods are developed by the mathematical
theory of conflict situations, which is called the theory
of games. The purpose of the theory of games is to
determine the optimal strategy for each player [5].

The purpose of this work is to develop and
research the model of the stakeholders’ management
of the educational project on the base of the applica-
tion of optimal matrix game strategies. The results of
the research will be used to identify the stakeholders,
to develop and evaluate scenarios of their actions in a
study project, as well as select the most effective one.

Presentation of the main research material.
Through a survey of employees, interviews with the
personnel department of enterprises and institutions
of the region and a written request to their manage-
ment, we find out the demand of specialists in engin-
eering and technical direction for further employment

at the enterprises of the city and region. With such
information and connections with manufacturing,
it is imperative to reach out to potential students of
higher educational institutions, having worked in
higher educational institutions of the 1st and 2nd lev-
els of accreditation and secondary school, involving
the leading scientific and pedagogical staff of the
university, as well as successful graduates. Measures
to popularize such professions can raise the level of
prestige among entrants.

National University of Shipbuilding, a powerful
educational institution that offers and provides edu-
cation to obtain a Bachelor's degree in 27 specialties
and 46 specializations, Master's Degree in 21 special-
ties and 59 specializations. The state university, on
the one hand, is the subject of society and the state
and is represented as a center of education, science
and culture that meets the needs of society and fulfills
state orders for the training of specialists and the pur-
suit of fundamental scientific research. On the other
hand, it is the subject of a market economy as a pro-
ducer of intellectual products and educational servi-
ces and freely sells his products on the labour market
[6]. Satisfying the requirements of stakeholders, the
university receives from them the resources necessary
for its functioning, and transfers them the resources
of the university. Thus, the relationship between the
higher educational establishment and stakeholders is
built around resource sharing.

Offering new educational services, the univer-
sity focuses on the regional labour market and the
popularity of specialties and specializations among
entrants.

To consider possible scenarios for the project and
the diversity of stakeholders’ interests in the matrix
game, it is necessary to consider all the significant
combinations, making a payment matrix for them.

Let the project have 4 alternative strategies:

1. The stake for specialization A, the stake for the
use of internal resources of higher educational insti-
tutions.

Table 1
Matrix of preferences of choice of combinations
Situation Entrants Internal resources External resources
1 A A A
2 A A B
3 A B A
4 A B B
5 B A A
6 B A B
7 B B A
8 B B B
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2. The stake for specialization A, the stake for the
use of external resources.

3. The stake for specialization B, the stake for the
use of internal resources of higher educational insti-
tutions.

4. The stake for specialization B, the stake for the
use of external resources.

We consider the choice of the three project stake-
holders in relation to the specialization A or B: the
entrants, the internal resources of universities, and
external resources.

There are 8 variants of the situation, which is a
combination of the benefits of stakeholders in relation
to specialization (table 1).

Make a payment matrix, where the value is given
in the conventional monetary units.

The values of the matrix represent the amount of
net profit (in some conditional units) that the higher
education institution will receive when imple-
menting a particular strategy in a particular situation.
Thus, for example, the largest amount of profit can
be obtained by promoting specialization, the advan-
tage of which will be given by entrants, while at the
same time, the rate on external resources (which will
cost universities more cheaply internally), subject to
their interest in this specialization. These include
assignments of the faculty for conducting classes and
consultations at the university's branches and educa-
tional and consulting points located at a consider-
able distance from the main institution (Kyiv, Odesa,
Kherson, Kirovograd region of Ukraine, as well as
Batumi, Georgia), if we use external resources for
this activity, then we will receive the budget savings
of the special fund of higher educational institutions.

Internal resources are more expensive, but their
use is less risky. In calculating profits we have taken
into account not only the number of entrants who
manage to attract in a particular situation, but also
their outflow as a result of reluctance to continue
their studies due to inconsistency of the quality level
of education with initial expectations.

We find a solution to the problem assuming that
the probability of each situation is the same.

It is assumed that each player can choose only one
of the finite sets of their actions. The choice of action
is called the choice of player strategy.

If each player chooses his strategy, then these two
strategies are called the game's situation. The net
strategy of player I is to choose one of # lines of the
matrix of winnings A, and the player strategy II is
the choice of one of the columns of the same matrix.
At the same time, each player knows which strategy
is chosen by his opponent.

1. Check whether the payment matrix (table 2) has
a saddle point. If so, then we write out the decisions
of the game in pure strategies.

We believe that Player I chooses his strategy to
maximize his winnings, and player II chooses his
strategy so as to minimize the winner of player I.

We find a guaranteed win, which is determined by
the lower price of the game a = max (ai) = 80, which
indicates the maximum net strategy A2.

The upper price of the game b = min (bj) = 400.

That indicates the absence of a saddle point,
since a # b, then the price of the game is within
80 <y <400.

2. We find solutions to the game in mixed stra-
tegies.

The mathematical models of a pair of dual linear
programming problems can be written as follows:
find the minimum of the function F (x) with restric-
tions (for player II):

450x1+600x2+50x3+70x4 > 1

450x1+400x2+50x3+120x4 > 1

300x1+600x2+100x3+70x4 > 1

300x1+400x2+300x3+350x4 > 1

200x1+300x2+350x3+450x4 > 1

200x1+200x2+350x3+550x4 > 1

60x1+130x2+400x3+450x4 > 1

60x1+80x2+400x3+550x4 > 1

F(x) = x1+x2+x3+x4 — in

Find the maximum of the function Z (y) with
restrictions (for player I):

450y1+450y2+300y3+300y4+200y5+200y6+
60y7+60y8 < 1

600y1+400y2+600y3+400y4+300y5+200y6+
130y7+80y8 < 1

50y1+50y2+100y3+300y4+350y5+350y6+
400y7+400y8 < 1

70y1+120y2+70y3+350y4+450y5+550y6+
450y7+550y8 < 1

Z(y) = yl+y2+y3+yd+yS5+y6+y7+y8 — max

Table 2
Payment matrix of the game
Strategies/Situations 1 2 3 4 5 6 7 8
1 450 450 300 300 200 200 60 60
2 600 400 600 400 300 200 130 80
3 50 50 100 300 350 350 400 400
4 70 120 70 350 450 550 450 550
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Solve the direct problem of linear programming
by a simplex method, using a simplex table.

Determine the maximum value of the objective
SfunctionZ (Y)yl +y2 +y3+y4+y5S+y6+y7+y8
under these conditions-restrictions.

450y1+450y2+300y3+300y4+200y5+200y6+

As the main one, select the column correspond-
ing to the y8 variable, since it is the largest modulus
factor.

3. Definition of a new free variable.

Calculate the value of Di in terms of the fraction
of the division: bi / ai8

60y7+60y8<1 and one of them will choose the least: min (1: 60,
600y 1+400y2+600y3+400y4+300y5+200y6+ 1: 80, 1: 400, 1: 550) = 1/550

130y7+80y8<1 So, the fourth line is the main thing.
50y1+50y2+100y3+300y4+350y5+350y6+ The solution element is (550) and is located at the

400y7+400y8<1 intersection of the main column and the main line.
70y1+120y2+70y3+350y4+450y5+550y6+ 4. Recalculation of the simplex table.

450y7+550y8<1 We form the next part of the simplex table.

To construct the first reference plan, we introduce
the system of inequalities to the system of equations
by introducing additional variables (transition to
canonical form).

450y1+450y2+300y3+300y4+200y5+200y6+
60y7+60y8+y9 =1

600y1+400y2+600y3+400y4+300y5+200y6+
130y7+80y8+y10 =1

50y1+50y2+100y3+300y4+350y5+350y6+
400y7+400y8+yl11 =1

70y1+120y2+70y3+350y4+450y5+550y6+
450y7+550y8+yl2 =1

We solve the system of equations with respect to
the basis variables: y9, y10, y11, y12. Assuming that
the free variables are equal to 0, we get the first ref-
erence plan:

Y0 =(0,0,0,0,0,0,0,0,1,1,1,1) (table 3).

We turn to the main algorithm of the simplex
method.

Iteration Ne 0.

1. Verification of the criteria of optimality.

The current support plan is not optimal because
there are negative coefficients in the index line.

2. Definition of a new basic variable.

Instead of the variable 12, plan 1 will include the
variable y8. We get a new simplex table. Perform
some iteration.

The final version of the simplex table, when the
index line (fig. 1) does not contain negative elements,
the optimal plan is found:

Optimal mixed strategy of player I:

P =(0; 11/20; 0; 9/20)

Optimal mixed strategy of player II:

Q=1(0;0.533; 0; 0; 0; 0; 0.467; 0)

Game price: v=274

Xa =[0; 11/20; 0; 9/20]

Yb=[0; 0.533; 0; 0; 0; 0; 0.467; 0]

The essence of the simplex-method, in that the
movement to the optimum point is carried out from
one corner point to another, which can approach
to the Xopt- closer and faster. Such a scheme of
crossing points, called the simplex method, was
proposed by the American mathematician George
Danzig.

So, from a practical point of view, we can con-
clude that it is more profitable for a player to have
more strategies because it provides additional flex-
ibility to the project manager. Also, if pure strategies

Table 3
Supporting plan
Ba3uc B yl y2 y3 y4 y5 y6 y7 y8 y9 | y10 | y11 | yl2
y9 1 450 450 300 300 200 200 60 60 1 0 0 0
y10 1 600 400 600 400 300 200 130 80 0 1 0 0
yll 1 50 50 100 300 350 350 400 400 0 0 1 0
yl12 1 70 120 70 350 450 550 450 550 0 0 0 1
7(Y0) 0 -1 -1 -1 -1 -1 -1 -1 -1 0 0 0 0
Z(Y6) | 0.00365 175/548 | O 175/548 207/548 187/548 167/548 0 35/548 0 11/5480 0 9/5480

Fig. 1. A fragment of the index line of a simplex table
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allow you to choose the logic of behavior that ensures
the most stable implementation of the project, then
mixed strategies help control the balance of power
and stakeholder contributions to different attitudes
towards the project and its product [7].

Conclusions.

1. The formalization of the task of choosing the
optimal strategy of the stakeholders of the educa-
tional project has been carried out.

2. The elements of the payment matrix are pro-
posed to consider alternative scenarios and project
situations that are a combination of key factors.

3. The disadvantage of the approach is the combin-
atorial complexity of the task, which complicates the
simultaneous consideration of a large number of factors.

4. Further research in this area should be aimed
at developing mechanisms for assessing winnings in
certain scenarios in certain situations.
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YIPABJIHHS CTEMKXOJIJEPAMH HABUAJIBHOT'O ITIPOEKTY
HA OCHOBI 3ACTOCYBAHHSI OITUMAJIBHUX CTPATET'TIA MATPHYHOI I'PA

Y ecmammi docniosceno ocodrusocmi 6ubOpy ma 3acmocy8ants ONMUMATLHUX CMPamezill 8 i2posux mMooe-
JISIX YIPAGLIHHA CIEUKX0N0epamMu HAGUANbHO20 NPOEKmY Ha OCHOGI mampuunoi epu. 11io uac pozenady mooic-
JUBUX CYyeHapiig Oitl cmelKxon0epié 3a NPOeKmMoM PO3STAHYMO CYMMESI KOMOIHAYIl KIHU08Ux (axkmopie ma
niaamixcry mampuyro. Tlopyweno npoonemy 3ab6e3neuents pecioHaibH020 PUHKY npayi gaxieyimu 3 iHoce-
HEPHO-MEXHIYHO020 ma NPogheciliHo-MEeXHIUHO20 HANPSMY.

Knrouosi cnosa: nasuanvruil npoekm, 0OMiH pecypcami, pe2ioHAlIbHULL PUHOK NPayi, YNPAGIiHHA CMelK-
xonoepamu, nAAMINCHA MAMPUYSL.

YINPABJEHUE CTEMKXOJJIEPAMU YUYEBHOI'O ITPOEKTA
HA OCHOBE IIPUMEHEHUS ONTUMAJIbHBIX CTPATET Ui MATPUYHOM UT'PbI

B cmamve uccnedosanvl ocobennocmu 6vl060pa u npuMeHeHus ONMUMAIbHLIX CHMpameuli 6 uspoevix
MOOENSIX YNPasietus CmetKkxoi0epamu y4ebHo2o npoekma Ha ocHoge mampuyrou uepul. Ilpu paccmompenuu
BO3MOJICHBIX CYeHapues 0eucmeuil CmeuKkxon0epos no npoeKkmy paccmompenvl CyuecmeeHHble KoMounayuu
KAI0Ue8blX (hakmopos u niamedicHyto mampuyy. Iloonsam eonpoc obecneuenus pecuoHaibHo20 PulHKAa mpyoa
CREeYUATUCTAMU UHIICEHEPHO-IMEXHUYECKO20 U NPOPECCUOHANLHO-MEXHUYECKO20 HANPAGIEHUS.

Knrwouesvie cnosa: yuebnulii npoexm, oomen pecypcamul, pecuoHanbHblll puIHOK mpyod, YnpagieHue cmetix-
xXonoepami, nAAmedCHAsL MAmpuya.
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