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3anpononosamno mMooess Ynpasainns in-
BeCMUUIIHUM NPOUECoM, HA NPUKAAdi iH-
secmyeanus 6 iHQopMmauyilini mexHono-
eii (IT) 3 ypaxyeannuam 6Gazamodaxmop-
Hocmi 0anozo npovecy. Biominnicmo danoi
Modeni 6i0 paniue po3podaeHux noJsieae 6
momy, wo, no-nepuie, 60na po3ensoae inee-
cmuyitinull npouec K CKAAOHY cmpyxmy-
PY, 0215 aKoi Hedocmamhvo il MOOeNI06aHHS
saK o0no ¢paxmopnoi xamezopii. Ilo-opyzee,
3anpononosanamooens 3acHo8ana Ha piuen-
Hi Gininiinoi 6azamoxpoxoeoi epu axocmi 3
0eKiNbKOMA MEPMIHANGHUMU NOBEPXHAMU.
Piwenns ompumano 6 pamxax cxemu Ho6o-
20 Kaacy OLLHIUHUX 0a2amoKpoKosuUx izop,
AKL onucyroms 63aemo0ito 00'ckmis ¢ 6aza-
mosumipomy npocmopi. Pozensnd ineecmu-
UlliH020 npouecy y maxii NOCManosui 0ae
MONHCAUGICM® A0EKEAMHO ONUCAMU NPOYEC
nowyKy pauioHanbHux cmpameziil 2pasyie
8 x00i ineecmyeanns 6 inpopmauitini mex-
Hoaozii. Ilposedene docniodncents 003601u-
J10 peanizyeamu npozpamuuti K00 mooeni
8 cepedosuwi imimauyiinozo Mo0en06am-
Ha MatLab. Po3pob6aeno npozpamnuil npo-
Jykm — cucmema NiOMpumMKu NPUUHAMMS
piwmens <ITINVESTMENT>. Mamemamuune
s0po CIIIIP 3acnosane na 3acmocyeamti
H06020 KaaCY OininiUnux JudepenuianvHux
izop. 3anpononosane piuwenns 00360s€ 6i0-
wyKysamu onmumaivii cmpameeii ingecmy-
8aHHs 0151 NOMEHUIUIHUX THEECMOPIB, a 11020
3acmocyeanus 00360JUN0 IMEHWUMU PO3-
Oiscnocmi danux npoeHo3yeanHs i peasv-
Hoi eiddaui 6i0 ineecmyeanns, HANPUKIAO
6 npoexmu y cepi IT. Ompumane piwen-
151 00360UN0 epaiuno noxazamu nepeeazy
iHeecmopie 6 npoueci iHeecmyB8anHs 6 nPoex-
mu y cepi IT 3 ypaxysannam 6azamodax-
moprocmi y GazamosumMipHomy npocmopi.
Toxaszano, wo maxuii nioxio 6 cyxynnocmi
3 3aCMOCYBAHHAM KOMN'IOMEPHO20 Mode-
mosanns ma CIITIP oae ineecmopy wupoxi
Moscaueocmi 0N ananisy i eubopy pauio-
HANbHUX Pinancosux cmpameziii

Kanrouogi cnoea: onmumanvni cmpameeii
ineecmyeanns, niompumxa piuenv, 6azamo-
KpoKoea zpa, npozpamuuii npooyxm
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1. Introduction

It is needless to prove that at present information tech-
nologies (IT) are beginning to rank first in the context of
bringing the economy of any country to the forefront of the
world. Understanding this fact sheds light on the problem
of ever-increasing investments in various IT areas, such as
cloud computing, cybersecurity, Data Mining, Big Data,
Smart City, etc. Ignoring this circumstance [1, 2] may lead
to significant economic lag from other countries. However,
it should be noted that there may be risks on the way of the
IT development caused by the lack of an investment man-
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agement strategy. This makes it a relevant task to develop
models, as well as software products based on them [3, 4],
which address the field of investments in IT.

As it was noted, success in the IT field is largely driven
by investments in this area. The process of investment in IT
is characterized by many factors, such as the allocation of fi-
nancial resources to fund priority or non-priority I'Ts, the con-
sideration of complex relationships between financial flows
by investors. In addition, it is also possible that a conditional
investor is a group of investors with divergent interests, etc.
The specified circumstances lead to that the problem cannot
be described by any single factor, which results in multi-di-



mensionality. Solving multidimensional problems typically
requires the development of a toolkit that is not identical to
the toolkit developed for a one-dimensional case. Papers by
the scientists representing schools of Academicians L. S. Pon-
tryagin and N.N. Krasovsky prove this. When solving the
problems on determining investment strategies, there are dif-
ficulties due both to the complexity of the developed models
and approaches and the lack of a toolset to determine actual
values when assessing risks. It should be noted that the com-
plexity of the models makes it a very difficult task to develop
the algorithms and implement them in software products,
such as decision support systems (DSS) [4, 5].

Note that in the field of DSS development, the software
products used in the investment problems [4, 6] do not pro-
vide an opportunity to determine the rational recommenda-
tions and strategies for I'T investment.

This drawback can be eliminated by using the models in
the DSS that are based on the application of the theory of
multistep quality games with multiple terminal surfaces [7].

2. Literature review and problem statement

It was noted in papers [6, 7] that in order to improve
the productivity and effectiveness of the evaluation of such
projects, it is advisable to involve the potential of various
computerized systems and, in particular, the DSS. However,
for many subject areas, for example, for the task of assessing
investments in IT, the available DSS does not address the
cases with a set of investor strategies.

According to the authors of publications [8, 9], it is
advisable to use not only traditional methods and mo-
dels [10], when analyzing the models and the algorithms
used to evaluate the IT investment projects. For example,
in papers [11, 12], it was stated that, for all its appeal, the
hierarchy method (the T. Saati method) [13] and the expert
methods [9, 10, 14], widely used in the DSS, were in most
cases not suitable for the synthesis of forecasting estimates.
This is especially true for the problem of choosing by an
investor of the rational strategies of investment of their
financial resources in a particular IT project. The latter
circumstance is a drawback in the T. Saati method.

Models for DSS, which relate to analysis and evaluation
of investors’ strategies in the context of the actions of the
two parties (players), were proposed in papers [7, 15, 16].
According to [17, 18], a general approach to the model, which
is based on the game theory, is the assumption that one of the
sides of the investment process is seen as a set of potential
threats. These threats may arise from incompetent, inconsis-
tent actions of investors. This will result in a loss of capital
spent on a project, particularly in the IT field. Existing DSSs
do not eliminate this drawback.

In articles [16, 18], it was noted that for this class of prob-
lems, the most appropriate models describing the behavior of
a complex system are the models based on the game theory.

An analysis of research into this field [12, 15] has re-
vealed that most of the models and algorithms presented in
papers [14, 17-20], do not provide actual recommendations
to investors in [T-related projects. This is especially true of
the aspects of finding rational strategies for mutual financial
investment in such projects. This is not taken into consider-
ation in the existing DSS.

We also note that the approaches described by the au-
thors of [19-22] do not make it possible to find effective

recommendations and strategies for managing investments
in IT enterprises. It is especially necessary to consider the
multifactor nature of this problem and a rather large range
of possible rational strategies, on which an investor needs to
concentrate.

Articles [5, 15, 17, 18, 23, 24] show that the approaches
of the game theory are most effective in the problems in-
volving more than two decision-makers. This is due to the
fact that they allow taking into consideration many factors,
primarily in terms of information security of various types,
such as the lack of information about the actions of another
player, the lack of information about the state of another
player, about the classes of strategies of another player. In
addition, the dynamics assigning the motion of objects is
very important. For example, in the case of the dynamics
that exist in the considered task, it is impossible to apply the
Cauchy formula to find a solution to the differential analog
of this system, which means that the approaches of school
by L. S. Pontryagin [23] are not applicable here. And in the
case of using immeasurable counteractions by the opposing
player, the approaches of the school of N. N. Krasovsky [24]
are not applicable here.

These circumstances suggest that it is appropriate to
continue research into the development of new models and
software products that can provide the decision-making
support procedures in the process of the search for rational
investment strategies. In particular, this challenge remains
unresolved for the IT sector, for example, in the context of
obtaining a forecasting estimate for the feasibility of a par-
ticular strategy of an investor.

3. The aim and objectives of the study

The purpose of this paper is to develop a model for de-
cision support systems for choosing the rational strategies
related to mutual investment in information technologies,
taking into consideration the multifactor character of this
process.

To accomplish the aim, the following tasks have been set:

— to construct a model based on the theory of multi-step
quality games with multiple terminal surfaces for a decision
support system in the course of the selection of rational
strategies by investors in the IT field,;

— to perform computational experiments in the MATLAB
simulation environment to prove the model’s performance;

— to implement via software a decision support system
in the course of selecting rational strategies by investors,
taking into consideration the multifactor character of the
problem.

4. A model based on the theory of multi-step quality
games for a decision support system in the course of
the selection of rational strategies by investors

In addressing the challenges associated with the devel-
opment of a particular sector of the economy, one of the most
important factors is the possibility of the financial support
of innovative and advanced technologies in this area. Such
an important area as the IT, which currently defines the
place of a country in the global economic hierarchy, is not an
exception. However, the problem of financing (investment)
of any sphere requires its reasonable implementation, as any



magnitude of financial resources (FR) can be spent without
any appropriate effect. And here, it is necessary to resort to
the reputed decision-making methods to help solve the prob-
lem of reasonable financing the IT. Among these methods, it
is possible to separate the game theory, optimal management
techniques, optimization methods, and others. One of the
most effective methods and models in the problems of find-
ing the rational strategies for investors are the methods of
the game theory and, in particular, the method of multi-step
quality games. We will consider the problem of financing the
IT within the given method by attracting financial resources
(FinR) of investors. The use of the apparatus of multi-step
quality games makes it possible to provide financing with
all sorts of factors in mind, in particular, taking into account
the multiplicity of approaches to the construction of effective
IT at an enterprise. And this may make it possible to develop
the DSS-based game models, such as software products (SP),
that enable making rational decisions on the investment of
financial resources in the development of such technologies.

Papers |7, 15, 23, 24] show that the situations described
in the research are classic game situations, and such situa-
tions can be most effectively solved only by game methods.

The model proposed in this paper is based on an analysis
of the process of financing information technologies by in-
vestors, for the case their character is multifactorial.

The model is a continuation of papers [7, 15] and is
based on solving a bilinear multi-step quality game with
multiple terminal surfaces. The problem is considered in the
statement that is standard for a multi-step quality play with
multiple terminal surfaces.

There is a dynamic system in a multidimensional space
run by two players (investors). The system is set by the
system of bilinear multi-step equations with dependent
movements. The terminal surfaces Sy, Fy are set and sets of
strategies (U) and (V) of the players are determined. The
goal of the first player (further referred to as Ino1) is to bring
the dynamic system through his control strategies onto ter-
minal surface Sy no matter how the second player (further
Inv2) acts. The goal of Inv2 is symmetrical.

The formulated problem generates two problems, from
the point of view of the first ally-player and from the point of
view of the second ally-player [15].

The study examines the problem from the point of view
of the first ally-player. The problem from the point of view of
the second ally player will not be considered, as its solution
is similar due to symmetry. The solution is to find the sets of
preferences for Wi and W, players, that is, the set of initial
states of players and their strategies that enable the objects
to bring the system onto the given surface.

In problem 1, an ally player is interpreted for Ino1, the
opponent player is interpreted for Ino2. Conversely, in prob-
lem 2, an ally player is interpreted for Ino2 and the opponent
player — for Inv1. Both players are trying to invest in their
FRin IT.

We believe that for the assigned period of time [0, T
(T — natural positive number), Ino7 has the set A(0)=
=(h1(0),...,h,(0)) of financial resources (;(0) — FR for the
development of the i-th IT). Accordingly, Inv2 — f(0)=
=(f1(0),...,/2(0)) (fi(0)— FR for the development of the i-th
IT). These sets determine the magnitude predicted at mo-
ment =0, magnitude FinR of players for each information
technology).

Describe the dynamics of the change in FinR for the
players as follows:

h(t+1)=B,xh(t)+[(A+R)-E |xU(t)x
xh(t)-[(A,+R,)—E|xV(t)xB,x [ (t); (1)

S(e+1)=B,x f(t)+[(A,+R,) - E|xV(t)x
xB,x [ (t)-[ (A +R)-E|xU(t)x B xh(¢), (2)

where A(t)eR", [(t)ER", U(t), V() are the square matrices
of order n with positive elements u;(¢), 0;(¢)€[0, 1], on the
diagonals of diagonal matrices U(t), V(¢), respectively;
By, By are the matrices of the transformation of FR of
Inol and Ino2 at their successful implementation in the
IT, which are square matrices of order n with positive
elements g7, g? respectively; A;, Ry are the diagonal
matrices with positive elements, characterizing the per-
cent plate of Inov2 for financial investments and shares of
investment return of Inv2, related to investments of Invl
in the IT; Ay, Ry are the diagonal matrices with positive
elements, characterizing the percent plate of Inol for fi-
nancial investments and the share of investment return of
Inv1, related to investments of Ino2 in the IT;

E is the single matrix.

The interaction ends when the conditions are met:

(A(c). /(1)) €S ©)
(h(e)./ ()€ Fy, @)
where

S,=U (B f):(h: f)e R 20, f,<0},
E =\ {(l1):(kf)e R, f20,h,<0}.

If condition (3) is met, we believe that the procedure of
financing IT enterprises is completed. That is, Inov2 did not
have enough financial resources to continue the investment
procedure, at least one of the information technologies.

If condition (4) is met, we also believe that the procedure of
investment in the IT enterprise is completed. That is, Ino1 did
not have enough financial resources to continue the investment
procedure, at least for one of the information technologies.

If both conditions (3) and (4) are not met, we believe that
the investment procedure continues.

Values (h(T), f(t)) show the result of the investment pro-
cedure on the planned interval [0, T].

The above process is considered as a part of the positional
multi-step game scheme with complete information [22].

As already noted, due to the symmetry, we will limit
ourselves to the consideration of the problem from the posi-
tion of Inol. The second problem is solved in a similar way.
Determining a pure strategy and a set of preferences of the
first player was given in papers [12, 15].

A solution to problem 1 is to find many “preferences” of
Inv1l and its optimal strategies. The problem is stated simi-
larly in terms of Ino2.

Here are the conditions under which the solution of the
game is found, which is the set of “preference” of Wy and
the optimal strategies Inol. These conditions will be set by
matrix inequalities.

1) (A+R)-E>0,(A,+R,)-E>0;

2) (A +R)-E>0,(A,+R,)-E<O0;



3) (A+R)-E<0,(A,+R,)-E>0;
4) (A +R))-E<0,(A,+R,)-E<0.
All the other variants of the ratios of the elements of

these matrices.
Let us introduce the following designations.

Q,=(A+R)xB,
D,=[(A,+R,)-E]xB;
F,=(A,+R,)xB,
S,=[(A+R)-E]xB;

Q. =Q,x{Q,+D,xS,} xB,,
D, =D, x{F,+Q,xD,} xB,;
F, =F+S,xD,

S =8, XQ, +F, xS,.

Within these designations for case 1, the preference set
W, is determined as follows:

w=Uw; 5)
T=1

(1(0)./(0)):(~(0). f(0) e R2"),
W ={J3Q xh(0)2 D, x £(0),...Q; xh(0) 2 /W™ (6)
" 2D (0). (B x 7 (0) < 5,(0)},

i

The optimal strategies of player 1 will be U"(j)=E for
j=1,., T

For cases 1-3, the sets of preference of player 1 and his
optimal strategies are found in a similar way. The problem is
also similarly solved by ally player 2.

5. Computational experiment to find rational strategies
for investors

The computational experiments were performed in the
MATLAB environment. They were based on the initial data,
which were taken for calculations under the AP06751068
grant “Development of a decision support system for the
selection of strategies for investing in tools of cybersecurity
of crucial computer systems of the national scale” (Republic
of Kazakhstan — RK), as well as on the investment projects
in the IT sector at the enterprises in Kyiv and Kyiv oblast
(SRW “Information and software, mathematical modeling of
complex systems” (No. s/r 0114U005430, Ukraine).

Fig. 1-3 show the results of modeling the sets of pref-
erences of investors. Fig. 1 shows the preference area of
player 1, that is, the set of the initial financial resources that
have the property that if the investment process starts with
them, it will end as follows: player 1 will have the remaining
financial resources for investment, and player 2 will not.
In Fig. 1-3, the values x (designated in the figures as H1),
y (designated as H2) are the financial resources of investor 1.

Variable z (designated as W1) is the financial resources of
investor 2.

Case 1.

Suppose that the following assumptions are met:

— investor 1 is represented by two-dimensional FR;

— investor 2 is characterized by one-dimensional FR;

— investor 2 chooses all the components of his strategy
in an optimal way.

500
400
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100-
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20
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Fig. 1. Preference set of investor 1 for case 1

In Fig. 1, the preference area of investor 1 is under the
reduced surface in the positive orthant (H1, H2, F).

Case 2.

Let the following assumptions be true:

— investor 1 is represented by two-dimensional FR;

— investor 2 is characterized by one-dimensional FR;

—investor 1 does not “control” the second component of
his strategy, that is the second component may have any value.

Fig. 2 shows the set preference of investor 1 for case 2.

Fig. 2. Preference set of investor 1 for case 2

For case 2, the preference set of investor 1 will be less
(by including one set in another one). According to the
problem statement, the part of the space adjacent to the
orthant R, is preferable for investor 1. This fact is clearly
illustrated by Fig. 1, 2.

Case 3.

Let the following assumptions be true:

— investor 1 is represented by one-dimensional financial
resource;

— investor 2 is represented by one-dimensional financial
resource;

—investor 1 does not “control” the first component of
his strategy, that is the first component may have any value.

Fig. 3 shows the trajectory of the financial resources of
the parties for case 3.
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Fig. 3. Preference set of investor 1 for case 3

For case 3, the set of preferences of investor 1 will be
smaller (by including one set in another).

6. Software implementation of the decision support
system in the course of investing in information
technologies

The developed model refers to the class of such models
that make it possible to constructively find a solution to the
problem depending on the ratios of parameters that deter-
mine the problem. This enabled the implementation of the
DSS in the field of IT investment. In addition, the DSS also
includes the modules related to finding the optimal investor’
strategies for the following cases:

1) mutual financial investment;

2) incomplete information about the financial state of
the second party;

3) obtaining additional data by investor 1;

4) with the fixed time of completion of investors’ inter-
action, etc. It is the totality of the algorithms for solving
these and other problems that allows us to argue about the
creation of the DSS computational core.

The general form for assigning original data in the DSS
“Choice of the rational strategy for investing in information
technologies” (IT INVESTMENT) is shown in Fig. 4. The
datain Fig. 4 were selected to illustrate the complexity of the
considered model, and the variables on the form were taken
from history in the DSS database. If the solution related to
finding the preference area of investor 1 was not found, the
DSS will give the corresponding message.

Any options for investors’ actions acceptable in the problem
statement can be considered with the help of “THE INVEST-
MENT” DSS. Note that the system can only manifest itself
in the output it gives, in particular, in the form of charts, the
indication of the values of optimal investment strategies, etc.

The main windows of the DSS with the calculation
results and visualization of the investors’ preference areas
are shown in Fig. 5. DSS makes it possible to visualize the
calculation results both in text-output format for an investor
and in the form of the 2D (Fig. 5, @) or 3D chart (Fig. 5, b, ¢).

The DSS is implemented in the software environment
Visual Studio 2019.

When testing the DSS “IT INVESTMENT?”, the sit-
uations discussed above were considered. The cases where
players’ strategies bring them to the appropriate terminal
surfaces were explored. On the plane, the abscises axis is the
financial resources of investor 1 (H1). The ordinate axis is
the financial resources of investor 2 (H1).

The lower part of the window, Fig. 5, shows the conclu-
sion generated by the DSS in the process of searching for
the rational strategies by investors, as well as the area of
intersection of the preference set of investor 1. The rational

strategy of an investor is shown in Fig. 5 by the gray-blue
line for a 2D chart or by the plane for the 3D chart.

T INVESTMENT - x
27 Investor 1 Investor 2
Resources 10000 | 15000 |
Growth rate L5 | 2 |
Debt payment p.2 | 03 |
Interest rate p.8 | os |
Payable resources ps | 08 |
Construct 2D
History Construct 3D

Fig. 4. General view of the DSS module “IT INVESTMENT”

20K
15K °
10K

Q 35K
0K

-5K

-10K

1K 1K 21K
H
In this case, player 1 achieves the aim of interaction by applying his

optimal strategy. This means that player 2 loses his financial resource
despite his counteraction to player 1.

a

0K

-20K f
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In this case, player | achieves the aim of interaction by applying his
optimal strategy. This means that player 2 loses its financial resource,
despite his counteraction to player 1.

b
50K
0K
Q
-50K
-100K T T T T T f T
21K 31K 41K 51K 6IK 71K 81K 91K
H

In this case, player 1 achieves the aim of interaction by applying
his optimal strategy, that brings player 2 to the loss of financial
resource, despite his optimal counteraction. In this case, the
advantage of player 2 in the growth rate enables him to give
serious counteraction to player 1, which enables him to increase
his magnitude of financial resources over a definite time interval.

c

Fig. 5. Results of operation of the DSS “IT INVESTMENT”:
a — example of the two-dimensional chart; b — example of
a three-dimensional chart for two computational points;
¢ — example of a three-dimensional chart for five
computational points



Fig. 5 illustrates the situation where investor 1 has an
advantage in the ratio of initial financial resources, that is
they are in his preference set.

The developed apparatus of finding the optimal strate-
gies of players significantly “facilitates” solving a problem of
developing the rational behavior of investors. In particular,
it happens when a problem is described by a large number of
parameters, which makes it impossible to find a solution to a
problem without using the DSS. That is why there is no need
to talk about finding the model that gives a better result.
This was not the aim of the research. A better option might
be suitable for a case where it is possible to find solutions to a
problem in this statement through other approaches. If these
opportunities do not exist, such a question is rhetorical.

The DSS implemented the proposed model based on
the application of the methods of the theory of differential
games. The developed DSS allows reducing the discrep-
ancies in forecasting data and real return from the IT
investment.

7. Discussion of results from experiments on searching
for the rational strategies of investors

The model proposed in the article is the advancement of
papers [7, 15]. However, the approaches proposed in [7, 15]
do not make it possible to find a solution to the model out-
lined in this paper, as it is more complex than those models
because it takes into consideration some additional factors
(for example, incomplete information for an investor, the
possibility to assign the options that are analyzed by the I'T
using fuzzy sets, etc.), which are not taken into account in
models [7, 15].

Fig. 1 shows the preference set W; for investor 1 for case 1.
The obtained result in this problem statement is close to the
result given in [15]. This proves the correctness of the solu-
tion when stating the problem explored in the framework of
this article.

In Fig. 2, the area of preference of investor 1 will be
found as a result of the intersection of the preference set
of investor 1 from Fig. 1 (in Fig. 2, it is a colored surface)
and the hyperplane (in Fig. 2, the hyperplane is shown in
black). The “decrease” of the preference set of investor 1 is
determined by assumption 3 for case 2. Note that for case 2,
the preference set of investor 1 is the part of the preference
set of investor 1 (from Fig. 1), which is adjacent to axis 0H1.

In Fig. 3, the area of preference of investor 1 will be
found as a result of the intersection of the preference set of
investor 1 from Fig. 1 (in Fig. 3, it is the colored surface) and
a hyperplane (in Fig. 3, the hyperplane is shown in black).
The “decrease” of the preference set of investor 1 is due to
assumption 3 for case 3. Note that for case 3, the preference
set of investor 1 is a part of the preference set of investor 1
(from Fig. 1), which is adjacent to axis 0H2.

Fig. 5, a—c illustrates the situation when, despite the
advantage of investor 2 over investor 1 in terms of the rate
of growth of his financial resources, the ratio of parameters
is such that the initial financial resources of investors are
in the preference of player 1. Therefore, according to the
results of this article, investor 1 has his optimal strategy,
which leads his counterpart-investor to the loss of his finan-
cial resources. This is seen clearly, both in two-dimensional
and in three-dimensional cases. The result obtained in
“ITINVESTMENT?” is not clearly visible because the prob-

lem is complex, multidimensional. However, the existence
of the interpretation form of the solution as textual clues
for a decision-maker makes its interpretation easier than
operating mathematical concepts, such as a hyperplane or a
balance beam.

The results of computational experiments show the effec-
tiveness of the proposed tools to solve the task of managing
the financial resources by the parties, taking into consider-
ation the multifactor character.

Compared to the existing models described in [8, 12],
the proposed model improved the indicators of performance
and predictability for an investor an average by 8—11 %. This
statement was obtained based on the comparison with actual
calculations for investment projects in information systems
in Ukraine and Kazakhstan. The DSS received copyright
registration certificate No. 90553.

It should be noted that the considered model requires ob-
serving a series of limitations, in particular the condition for
the non-negativeness of the matrix elements that assign the
dynamics of the process is important. In turn, the elements
of the matrix depend on the characteristics of the investment
object in question and will be knowingly different if, for ex-
ample, we are talking about the IT investments related to cy-
bersecurity (where it is necessary to take into consideration
risks, vulnerabilities and threats), and investment in the
Smart City technologies (where it is necessary to take into
consideration the priority and the order of implementation of
information technologies).

Consideration of these models is a promising direction
for solving problems in the field of investment, for example,
in information systems and technologies, Smart City, bank-
ing and industrial sector of the economy. It deserves atten-
tion in the future and is defined as the prospect of continuing
research, the deployment of a fully-fledged DSS based on
this model in the problems of evaluating the investment
projects in various areas. It is possible to test DSS not only
in investment and financial projects in the area of the digital
economy but also in the related areas, for example, when
selecting strategies for investor groups.

8. Conclusions

1. A mathematical model based on the theory of multi-
step quality games with several terminal surfaces for a
decision support system in the course of the selection of in-
vestors’ rational strategies has been developed. The problem
of financing the company’s information technologies and
systems was chosen as an example. The model is focused
on practical application in the software-algorithmic unit of
decision support systems (DSS). The proposed DSS will be
useful in the process of the search for rational strategies by
investors. The model used in the mathematical core of the
DSS is based on the toolkit of bilinear multistep quality
games with multiple terminal surfaces. The article, unlike
the existing ones, is the first to deal with a new class of bi-
linear multi-step games. The resulting solution of this class
of games allowed displaying adequately in the multi-dimen-
sional space the preference sets of investors in the process of
investing in IT projects, taking into consideration the multi-
factor character. It was shown that this approach, combined
with the use of computer simulation and the DSS, gives an
investor more opportunities to analyze and choose rational
financial strategies.



2. Computer simulation of investors’ strategies and their
preference sets based on the developed model was carried out
employing the MATLAB software. The computer model has
made it possible to reduce the discrepancies in the results of
the forecasting estimate of the strategies for investors and
selected options on average by 8—11 %.

3. The software product — the decision support sys-
tem “IT INVESTMENT?”, based on the application of a
new class of bilinear differential games, was developed.
The DSS makes it possible to find the optimal investment
strategies for potential investors. The software product was
implemented in the programming environment Visual Stu-

dio 2019. The developed apparatus of finding the optimal
strategies of players with the help of “IT INVESTMENT”
makes it possible to significantly facilitate the problem of
generating the rational behavior that investors face when the
problem is described by a large number of parameters, which
makes it impossible to find a solution to the problem without
using DSS. In addition, the use of DSS has reduced discrep-
ancies in forecasting data and actual return on investment,
such as in IT projects. The proposed solution and the DSS
make it possible to choose the optimal financial component
of the investment strategy at any ratios of parameters de-
scribing the process.
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