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Abstract. The purpose of this study is to develop a system for monitoring the
financial effectiveness of digital development programs and the introduction of
the open source software in the educational environment. The main control ele-
ments in the monitoring system is a simulation system-dynamic model which
allows determining based on the experiments, the key financial indicators of the
development of digital projects of an IT company in dynamics. The main ad-
vantage of the first developed model, as the basic element of the monitoring sys-
tem, predicting the effectiveness of the transition to new types of information
products and data management, as well as the ability to track the dynamics of the
enterprise in the long term with various combinations of areas of investment into
open source software distribution projects, including educational information
systems. The proposed model allows you to determine key indicators of the de-
velopment of an IT company: the amount of income from the sale of all IT prod-
ucts and services, profit, accumulated capital, additional income due to the de-
velopment and expansion of the scope of the open source software, evaluation of
the effectiveness of the development of information systems based on them. The
results of the system-dynamic simulation are the tool for determining the balance
of investment funds invested into the commercial and non-profit sector of the
development of digital data of an IT company. The experimental implementation
of the PowerSim simulation software in a software environment allows you to
evaluate the prospects and opportunities of the IT company to switch to the ex-
panding of the range of services and produced products by using the open source
software.
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1 Introduction

New technologies - the Internet of things, cloud technology, distributed ledger, machine
intelligence, big data - are fundamentally changing the systems of interaction between
business and the state, for which modern information ecosystems are the basis for the
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emergence of entire global markets, as well as a condition for the transition from linear
technological chains to multilateral partnerships and communities. In this situation, the
principles of interaction between commercial and free software market participants, in
addition to network resources and services of the global information space, form other
principles for the formation of the result, together with new formats of digital ecosys-
tems [1]. In ecosysrems, citizens and business cooperate with the government in multi-
channel mode using different mobile devices, providing the necessary convenience and
speed, developing new digital competencies for citizens [2] as part of the implementa-
tion of public projects and programs that expand the opportunities for business to inter-
act with the state [3-6].

2 Theoretical Background

The efficiency of the implementation of state digital projects depends on the choice of
a way of interaction with software providers. The first option is focused on the purchase
of proprietary software - tools and platforms, the right to use which is acquired by their
manufacturers on a reimbursable basis. And the second option involves the use of the
open source software, which in most cases is either used for free or several times
cheaper than proprietary software, because the software is produced not by a specific
commercial company, but by the community [7-8].

For example, for communication between the services of state digital projects, in-
cluding the participation of third-party application developers, you can use the Open-
API Specification, according to which the interfaces between different programs and
data warehouses is built according to uniform rules. The basis of this research is the
development of a cost-effective approach to the formation of regulatory and technolog-
ical rules for attracting external applications created by independent software develop-
ers to government digital projects, including open source software resources, signifi-
cantly expanding capabilities due to third-party certified services and applications, in
addition to services provided to citizens and businesses [9].

After the development of these rules, third-party developers are able to offer the state
(the "owner™ of the project) on a fee basis (in the contractor's model) the development
of its individual elements and / or related applications (parts of the software and hard-
ware complex) that use open source software from created repository of program code
components and their reuse in similar digital projects, which guarantees independence
from developers of proprietary software, accordingly - reduction of license fees, pay-
ments for supporting software, etc.

3 Methodology and results

The paper proposes to conduct a series of simulation experiments on the basis of the
system dynamics method in order to determine the development strategy of an IT com-
pany on the basis of an invariant model of using non-commercial and commercial soft-
ware, as well as to predict the integrated financial result, taking into account the in-
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volvement of external sources of financing for the project, expanding digital competen-
cies of a potential target audience - users of the open source software [10]. The main
modeling hypothesis is the assumption that the threat of reducing the attractiveness of
the commercial IT sector (distribution and maintenance of licensed software) may be
compensated (balancing communication) by investing first-party and borrowed funds
into the development of digital competencies among the target audience - potential open
source software users (Fig. 1).
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Fig. 1. Diagram of cause-effect relationships of the analysis of strategic threats to the develop-
ment of the commercial sector of an IT company in the context of orientation to the develop-
ment and promotion of the open source software.

The balancing feedback loop to a large extent hinders the development of the IT com-
pany, which should be supported by searching of new areas of development, making
efforts to improve the software [11].

For this purpose, the model highlights positive feedback loops, Online services and
Open source software (for example, Open Office from Google), and programs devel-
oped on the basis of the open code (in particular, the Linux operating system), shown
in Fig. 1, as factors of external influence, the intensity of which should be timely re-
sponded to by the company.

As you know, for a business unit, the only source of capital accumulation, as well as
a source of investment in development, is the resulting profit, which is the difference
between the income and expenses of the enterprise. Income is the entire revenue from
the sale of IT products and services, including the expected growth of the open source
software and integrated IT solutions (which, in turn, are the combination of IT products
and IT services).

To determine the balance of investment funds invested into the commercial and non-
profit sector of the IT company, we turn to the formalization of the main parameters of
a dynamic simulation model [12, 14]. For the main processes of the company in terms
of developing only the commercial sector (commercial software), the main indicators
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in dynamics are presented in the form of difference equations, for the main storage level
- the capital of the enterprise:

NK(1)=NK(t-1)+D() - Z(t) @

where NK (t) is the amount of capital of the IT company accumulated for previous
periods at the time t;

NK (t-1) - the amount of capital accumulated for previous periods at the time (t-1);

D (t) - total income from the sale of IT products and IT services in the reporting
period t;

Z (t) - costs of the enterprise in the reporting period t.

The total costs of IT companies are calculated by the formula:

Z(1)=AZ()+ ZS(t)+ PZ(t) + OT(¢) +I(t), @)

where AZ (t) - administrative costs;

ZS (t) - certification costs;

PZ (t) - variable costs in the reporting period (includes the cost of purchasing soft-
ware and hardware with their subsequent implementation both individually and as part
of complex IT solutions, as well as the cost of providing IT services);

OT (1) is the general wage fund;

I (t) - the volume of investments in the development of the enterprise in the reporting
period.

Administrative costs are conditionally constant. The proportion of variable costs (ex-
cept for labor remuneration) for the provision of IT services is usually 12% -18% (av-
erage 15%) of the cost of selling the service. The average affiliate discount on IT prod-
ucts is provided to the company in the amount of 20%:

L=08E, ®)

where Pz is the purchase price of the IT product from the manufacturer;

Pr is the selling price of the IT product to the client.

Thus, variable costs (costs for the purchase of IT products for the purpose of their
subsequent sale, as well as for the provision of IT services) are calculated by the for-
mula:

PZ(r):O,S-dp-D(z)+0,15-dJ,AD(z), @)
where PZ (t) - variable costs in the reporting period,;

dy - the share of IT services in sales revenue;

dp - the share of IT products in sales revenue (dp = 1— dy).

Analysis of sales of the studied IT companies shows that the share of IT services in
revenue from sales is about 40%, and the share of IT products is about 60%. A mixed
wage system is also taken into account: a fixed minimum wage combined with a pre-
mium, the amount of which, as a rule, is set as a percentage of the cost of IT products
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and services sold. So that, the size of the wage fund in the proposed simulation model
is calculated by the formula:

Or#) =0T, +pr,-d, -D@t)+pr,-d, -D(t), ©)
where OT (t) is the total size of the wage fund;

OTfix - a fixed part of the payroll fund;

prp - premium for the implementation of IT products;

pry - premium for the implementation of IT services.

The balance of interests in the company, as well as financial resources allocated for
the development and distribution of the open source software for the purpose of reduc-
ing possible losses from sales of commercial software is achieved by the sequence of
the following measures: formation of the target audience - potential users of the open
source software; selection and training of technical personnel and teachers; knowledge
management of the target audience; expanding industry presence, including into the
online environment; updating the material and technical base, project infrastructure;
management of security and safety of information systems.

These key directions of development projects for the transition to open source soft-
ware form the basis of a system of monitoring the effectiveness of these programs in
an IT company, and in the simulation they are represented by a system of switches and
tuning coefficients of the model for analyzing the sensitivity of the IT company’s ac-
cumulated capital to ongoing changes:

1= M, ()

Z} , (6)
where Mi (1) is the cost of events in the i-th direction of the open source software de-
velopment project,i=1 ... 6.

The main assumptions adopted for experimental modeling are listed below. Invest-
ments in the development of I1T-business enterprises are made during the first year. In
all areas of the open source software development project, except for the third, the
amount of investment into the development is assimilated evenly throughout the year.

In the direction of “Target audience knowledge management”, it is planned to hold
three thematic seminars on information technologies throughout the year (the costs of
staff training in the relevant reporting periods have been taken into account), as well as
funding for advertising events (a fixed amount monthly).

The effectiveness of investment into the events, as stages of the open source software
development project in each of the areas of development of an IT company, is deter-
mined by the ratio of the expected effect (increase in the monthly open source software
implementation) to the amount of investments in the project areas.

The income from the sale of the open source software and related information ser-
vices consists of two components:

D(t) = SD(1)+ DD(t) @
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where SD (t) is the income from the sale of all IT products and services in the reporting
period t (calculated based on the analysis of data from previous periods).

DD (t) - additional income from software products and services implemented in the
reporting period t open source by increasing the speed of improving the open source
software.

A graphical interpretation of the simulation results is presented in Fig. 2. The pro-
posed model allows us to determine key indicators of the development of an IT com-
pany (the amount of income from the sale of all IT products and services, profit, accu-
mulated capital, additional income due to the development and expansion of the scope
of the open source software), to predict the dynamics of the company’s development
for the nearest and long term.
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Fig. 2. Dynamics of key development indicators of the open source software in an IT company
based on the results of simulation experiments.

According to the results of simulation experiments, subject to investment, the amount
of accumulated capital is approximately doubled, which confirms the usefulness of the
proposed measures for the development of the open source software.

The advantage of the developed system dynamics model is the possibility of choos-
ing the directions of development of the open source software development project and
their possible combinations, as well as tracking changes in the resulting indicators (in-
come, accumulated capital, profit), which allows you to choose the most suitable open
source software development option for a particular enterprise [13].

In the table 1, there are the forecast values of indicators of monitoring the open
source software system development efficiency (profit, return on investment), as well
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as an indicator of development potential, as a relative increase in average monthly
profit.

The simulation results show that option 5 (the implementation of all the proposed
measures) is the most effective, bringing 181.1% profit growth. Taking into account
the limited investment resources at the enterprise, option 2 may be implemented (ex-
panding the scope of the open source software combined with staff training and ex-
panding the presence in the online environment), which is characterized by the growth
rate of 45.5%.

Table 1. Financial indicators for assessing the development potential of an IT company with
various options for implementing measures to develop open source software.

Possible combinations of the sequence of stages of a develop-

ment project open source software
Open source

software devel-

opment project EIELE O

activities tlon_(W|th- Option  Option  Option Option4  Option 5
out invest- 1 2 3
ment)

The amount of
investment, 0 162 207 151 322000 583000
000 000 000
thousand rubles

Average
monthly earn-
ings, thousand

rubles

17 280 21431 25139 19887 45076 48 578

Payback pe-

. - 39.0 26.3 57.9 11.6 18.6
riod, months

Profit growth
(indicator of
development
potential), %

= 240% 455% 151% 160.9% 181.1%

4 Conclusion

Based on the results of the consideration of the existing approaches to assessing the
conditions of the development of an IT company taking into account a strategic alter-
native - expanding the scope of the open source software (as a threat from a decrease
in the attractiveness of the commercial sector of an IT company) and identifying con-
ditions for compensating for losses by investing own or borrowed funds in the devel-
opment of digital competencies of the target audience - potential users of the open
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source software. The authors proposed a simulation model that allows determining the
key financial benefits during the experiments, indicators of the development of IT com-
panies in dynamics.

The undeniable advantage of the author’s model of system dynamics is the multivar-
iate use - both for the current assessment and for monitoring the dynamics of the devel-
opment of the enterprise in the long term with various combinations of areas of invest-
ment in open source software distribution projects (the possibility of varying parame-
ters).
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