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Abstract: This article presents a methodology of the decision-making process using mathe-
matical tools, which can become a practical tool for decision-makers on the functioning
and strategic development of business ecosystems and their components depending on
changes in the internal, micro- and macroenvironment. An algorithm for finding linearly
independent elements of digital business ecosystems and a new option for interpreting
their results are developed. It is proposed that this impact be determined by calculating the
eigenvectors of the matrix and identifying the dependence through the contribution of the
eigenvectors to the overall mechanism of the system. A system analysis of the properties
of business ecosystems is carried out with a subsequent description of the methodology
for studying the impact of financial indicators on it. As an example of data for calculation,
the article uses Yandex data for 2023, as the most indicative business ecosystem with all
the necessary properties. The results of the study allow formulating recommendations for
top management on making management decisions and points of application of efforts.
Combining the developed methodology with promising technologies for automated calcu-
lation of big data and AI will provide a flexible management tool with the possibility of its
further development.

Keywords: matrices of unlimited size; linearly independent elements; vector analysis;
business ecosystem; ecosystem properties; decision-making; financial indicators of a
business ecosystem

MSC: 65F15

1. Introduction
This article raises research questions about the application of mathematical tools of

matrices of unlimited size for modeling the decision-making process of business ecosystems.
In recent years, the phenomenon of business ecosystems has received more and more

attention in scientific and practice-oriented areas. Nowadays, many manufacturers of
technically sophisticated devices apply an ecosystem approach throughout the lifecycle
of their products from development to replication. The most globally known examples of
business ecosystems are companies such as Apple, Amazon and a number of others, which
build their connections based on the needs of the end customers, thereby providing them
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with cross-compatible products and services at highly competitive prices and with the most
convenient sales technologies for the consumer. For example, Siemens applies the capabili-
ties of the ecosystem approach in various areas of its interests: the Signaling X system is
for signaling systems, and the Desigo CC system is for software development. Other re-
markable examples are some of the most dynamically developing digital ecosystems on the
Russian market, such as the Yandex and Mail.ru Group IT-holdings, as well as the largest
Russian bank “Sber” that since its creation has had a huge database formed from an array
of data of the bank services users and supplemented by their behavioral characteristics that
allows identifying trends for making management decisions. In the current period of rapid
development of information technology, and the provision of services and products that
meet the needs and desires of customers, the presented research can be used to build and
manage a new, higher form of organizational integration—a business ecosystem.

The relevance of this research is confirmed by the rapid development of these busi-
ness ecosystems due to the reduction in transaction costs by the development of internal
connections on the existing customer base, thereby reorienting customers’ needs to the
supplier of services or goods. Such new integration forms of business demonstrate higher
stability of functioning and efficiency due to the synergetic effect: the components of the
business ecosystem create joint effects that none of them could create acting outside the
system, and by building a business ecosystem, they gain competitive advantages. This
leads researchers to think about the issue of finding the optimal point for the appropriate
inclusion of a particular organization in the business ecosystem. The ability to identify
this point in the organization’s life cycle significantly expands the horizons of planning its
activities, avoiding crises of stagnation and bankruptcy, and equips the corporate center
and management with tools for flexible strategic decision-making.

The importance of considering synthetic disciplines and the development of nature-
like technologies integrated into all areas of science, not excluding mathematical and
economic spheres, should be noted. Therefore, starting to model the decision-making
process based on an assessment of the impact of financial indicators on the properties of a
business ecosystem, a number of economic mechanisms of functioning of organizations
that have analogies with biological processes occurring in ecosystems were analyzed. The
observed patterns have proved the fact that the moment of the life cycle, which is optimally
positioned for integration into the business ecosystem, can be described mathematically,
through indicators that most accurately characterize the ecosystem properties of the object
under study. Such an analysis can serve as a basis for making a decision to integrate a
business into a higher-order business system—the business ecosystem. In this formulation,
this issue is being considered in science for the first time.

This article presents the development of a methodology using mathematical model-
ing of the decision-making process, which can become a practical tool for those making
decisions on the functioning and strategic development of business ecosystems and their
components, depending on changes in the internal, micro- and macroenvironment.

The article consists of five sections. Section 1 contains an introduction. Section 2 exam-
ines the theoretical foundations of the research and the review of approaches to studying
business ecosystems. Section 3 describes the research methodology and data and substanti-
ates the indicators. Section 4 presents the results obtained. Finally, Section 5 discusses the
findings and offers concluding considerations and suggestions for future research.

2. Theoretical Background
Business ecosystems, the category that will be explored in this research further, are

ecosystems in business of all types and areas of activity. The history of the development
of the concept of “ecosystem” in economics determines its semantic load. In the 1920s,
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the Russian scientist A. Bogdanov in his work “Tectology: The Universal Organizational
Science” [1] proposed a new approach to the consideration of organizational systems and
their research according to the principles of organization or disorganization, as well as the
mutual influence of internal and external objects of the system on each other. In 1935, A.
Tansley [2] first used this term. In 1999, J. Moore [3] used biosimilars in the description
of enterprise management, becoming the first researcher of business ecosystems in the
modern sense. By the concept of a business ecosystem, he means a network consisting of
organizations and individual representatives of the business community, which together
not only form a system of mutual support but also evolve.

Modern studies present the theory of the foundation [4–6], construction and develop-
ment of business ecosystems [7–9]. Issues of the competitive advantages and cooperation
in business ecosystems and various aspects of the functioning of business systems were
considered in the studies [10–12]. Business ecosystems from the point of view of the
entrepreneurial model are considered in publications [13–17]. A very detailed study of
entrepreneurial ecosystems in advanced and emerging economies was performed in a
systematic literature review in [18]. Some researchers have studied business ecosystems
in the context of innovation [19–22]. Sustainability as a property of business ecosystems
is reflected in [23–28]. And studies [29,30] are devoted to the strategic management of
business ecosystems. A number of studies have already raised issues of terminology,
classification, composition and individual components of business ecosystems, but the
properties of ecosystems are currently, as well as their behavioral responses to manage-
ment influences, not fully studied [31,32]. The issues of overcoming the transition point
from an upward to downward wave on the organization’s life cycle graph are studied in
sufficient detail within the framework of the theory of crisis management and the life cycle
of organizations [33–38], approaches to assessing the probability of bankruptcy [39,40].

However, despite the high development rates of business ecosystems in the global
economy, the issues of patterns of their creation, functioning and development remain
poorly studied. The indicators used for the decision-making process are based on expert
assessments, use average coefficients formed on the basis of certain sample populations
of the surveyed companies, are not devoid of subjectivity in assessments, and most im-
portantly do not help managers make reasoned decisions on strategic planning. Also, the
capabilities of big data and mathematical modeling tools for business ecosystems still leave
many issues open to discussion.

Existing research on this topic is purely theoretical in nature and essentially describes
the processes taking place in time coordinates within an ecosystem. The definition of
parameters and their modification, in our opinion, can clarify and provide recommenda-
tions on the choice of points of application of managerial efforts to manage the business
ecosystem, as well as the choice of meters in terms of the strength of ecosystem properties
and their dependence on the results of the entire system as a whole.

The purpose of the research is to develop a new algorithm for consistently calculating
the impact of economic indicators of a business ecosystem on its properties, which makes it
possible to identify points of application of managerial efforts in its lifecycle to increase the
sustainability of the entire system and create the possibility of its effective development
through the inclusion of a single organization in the business ecosystem.

For this purpose, this research proposes to develop an algorithm using the mathemati-
cal tools of automated calculation of matrices of unlimited size, formed as a result of the
expansion of possible indicators and combinations of properties of the business ecosystem.
This allows the use of big data calculations and, subsequently, self-learning algorithms
using neural networks. This approach to managing organizational units of any order is
being used for the first time.
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The present study is a pilot study, and currently no work has been carried out to con-
sider the impact on ecosystem properties, especially in the field of biosimilars. Calculations
using big data allow you to expand the influence matrix to the required size, adding an
unlimited array of properties decomposed to various levels, as well as to make a variant
calculation for making managerial decisions. With a multiple increase in the data set, the
use of a trained neural network will be necessary for calculation, and data processing will
lead to the search and development of non-trivial solutions. The principles of the neural
network are based on the numerical representation of queries and their processing by pass-
ing through an array of neural layers, learning by adjusting the weights and parameters of
the set values.

If we talk about the practical side of using the considered methodology, then when
managing a business ecosystem, an unlimited number of internal and external relation-
ships arise between participants who dynamically rebuild, thereby changing the set of
beneficiaries of the ecosystem. The considered methodology will make it possible to take
into account such diverse interests as much as possible and find the optimal balance be-
tween the implementation of ecosystem properties and financial performance indicators
that determine the ability of the system to be in balance and have the opportunity for
further development.

The objectives of this research are the following:

- Development of mathematical tools for making management decisions;
- Selection and verification of indicators characterizing the basic properties of ecosys-

tems for calculation in the model;
- Ranking the impact of indicators on the properties of the business ecosystem;
- Calculation of the proposed model using indicators of the business ecosystem (for the

example of the IT company “Yandex”;
- Determining the impact vectors of indicators on the properties of the business ecosys-

tem and their contribution to the system mechanism.

The hypothesis of this research was the assumption that identifying the point of optimal
transition of an organization into the business ecosystem will have a significant impact on the
effectiveness of planning its activities in the area of the nearest strategic development.

3. Materials and Methods
The largest Russian business ecosystems were considered as the object of research:

Sberbank, Yandex, T-Bank, MTS and others. Based on the results of the review, Yandex
was selected as an ecosystem with pronounced ecosystem properties and components. A
group of services is constantly developing as cenoses in the Yandex ecosystem, from blogs
and multimedia libraries to an electronic trading platform and a vehicle-sharing service.
As a biotope, the ecosystem in question uses the Runet space—the Russian-speaking part
of the Internet with its huge number of users, united not only by language, but also by
preferences for services and goods, seasonal changes, etc. Yandex’s communications are
built taking into account all modern requirements in terms of high-speed communication
services and powerful data centers that allow you to accumulate data on all user actions for
further analysis and improvement of the quality and range of services provided. The data
from the largest digital business ecosystems of the modern IT sector in Russia, Yandex N.V,
and its official reporting [41] will be used as a practical object for considering the properties
of the ecosystem and as the most indicative and having all the properties of ecosystems,
namely integrity, self-reproduction, sustainability, self-regulation and emergence.

All the data for analysis in this research were obtained from open sources [41] accord-
ing to annual reports for 2023. Matrix calculations were performed using the service [42].
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In order to obtain reliable data, when using the methodology, official retrospective re-
ports of companies should be used, taking into account the full availability of the necessary
indicators characterizing the properties of the business ecosystem.

Both general scientific methods, such as factor analysis and the expert method, and
special methods for constructing analogies, in particular, the second similarity theorem
that allows bringing ecosystem properties to economic indicators, were used to search for
and process information.

In practice, the application of eigenvalues and eigenvectors of a matrix is used to solve
various technical applications in the field of building various communication systems,
calculating the rigidity of engineering structures and designing various machines and
mechanisms. In essence, eigenvalues and eigenvectors allow the decomposition of a
process into smaller components, thereby making the process of managing the entire
system more transparent and finding suitable tools. The theoretical foundations of such
techniques were considered by A. Kotelkin and M. Musin in their monograph “Influence
Matrices” [43]. It should be noted that the application of such mathematical methods to the
field of management decision-making is being performed for the first time.

Taking into account the description of the properties of the business ecosystem, a set
of performance indicators that affect the achievement of a specific property was identified.
In this research, the following hypothesis is used: each of the ecosystem properties is deter-
mined by a set of characteristics, the positive dynamics of which indicate the strengthening
of the property.

It is advisable to determine the set of ecosystem characteristics by the following
performance indicators [44]:

- Total revenue (revenue is the main income that a business receives from its main, core
activities, such as selling products, performing work or providing services);

- Profitability calculated on the basis of adjusted EBITDA (the calculation of EBITDA
margin allows for assessing the effectiveness of a company’s cost-cutting efforts: the
higher the EBITDA margin, the lower its operating costs relative to total revenue, and
the higher the company’s efficiency);

- Net profit (net profit reflects the company’s profit before interest on borrowed funds
and taxes; it takes into account only the company’s operating activities, excluding
financial and tax expenses);

- Share of the core company (Yandex search company) in the Russian market [41];
- Number of all users;
- Core revenue;
- Revenue from services (excluding core);
- Intra-segment revenue.

A core company is a company designated by the terms “bandmaster” or “orchestrator”
in international business ecosystem management practice.

Let us determine the most important indicators from the set presented above for each
of the five ecosystem properties and justify the choice for each property.

Integrity is a property of a system that shows that each element contributes to the real-
ization of its objective function [45]. At the same time, the objective function for business
ecosystems is the function of maximizing revenue while minimizing costs. Each element
of the ecosystem occupies a certain place and has a certain number of connections, both
with the core and with other business organizations within the ecosystem. Integrity is
characterized by the harmonious unity of the interrelationships of the elements, ensuring
the achievement of the goal in the most coordinated way, and in case of integration of
entrepreneurial organizations and the business ecosystem, in the most economically effi-
cient way. The most indicative of the set of indicators in this case is profitability (based on
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EBITDA), which shows a reduction in operating costs relative to total revenue and thus
determines the effectiveness of links within the ecosystem.

The property of self-reproduction is characterized by the stable growth of the entire
business ecosystem, and its individual components can be fueled by adjacent components.
In this case, it is possible to point out that the system produces components for its growth,
and the essence of business ecosystems is characterized by the expansion of the entire
system, both through the core and through the growth of the constituent components. The
most indicative indicator for this property is the total revenue, which shows the scale of
growth of the ecosystem as a whole.

The sustainability of a system is its ability to return to an equilibrium state after it
has been brought out of this state by external influences. If ecosystems are considered,
their sustainability is characterized by the ability to develop and function in conditions of
disturbing influences, both external and internal. The sustainability of an organizational
system is its ability to keep moving along the intended trajectory (in the case of a business
ecosystem, this is its ability to follow its development strategy). Within the framework of
this ecosystem research, it is proposed to consider the change in the net profit of the system
(the ratio of the net profit of the current year to the past) as an indicator characterizing this
property, showing the system’s resistance to external and internal influences.

The self-regulation function is characterized by the redistribution of necessary re-
sources between ecosystem components. In the case of the business ecosystems under
consideration, self-regulation is determined by market processes occurring in the ecosystem
functioning environment. The redistribution of resources occurs in order to sell the services
and goods of the system participants in the most rational and efficient way. The self-
regulation function is proposed to be characterized by intra-segment calculations showing
the movement of resources within the segment, thereby ensuring the process of regulating
resources within the system.

The emergence property of an ecosystem in the classical interpretation is characterized
by the appearance of new properties in the growth and change processes. When ecosystem
components interact, new properties or behaviors arise that are not typical for simpler orga-
nizations. Weak emergence occurs when complex phenomena are transformed from simple
processes, while strong emergence is characteristic of fundamentally new phenomena that
cannot be predicted.

It is worth characterizing the emergence property by the ratio of core revenue to
service revenue.

In order to determine the impact of each indicator on individual ecosystem properties,
it is proposed to use the law of self-preservation. For its development, the system as a
whole should acquire a stable property of self-preservation, combining the five previously
mentioned properties. This is what will allow it to maximize the realization of these
properties, thereby creating a solid foundation for survival and further development.

Structural stability is important for the business ecosystem that does not restrain its
active development. Here, Le Chatelier’s law of equilibrium should be used: if a system in
equilibrium is exposed to an effect that changes any of its conditions, then processes arise
in it aimed at counteracting these changes with a subsequent transition to a new state of
equilibrium, thereby passing through certain stages of development. This development
model meets the requirements of our ecosystem behavior model.

To quantify the sustainability, the indicative indicators shown in Table 1 are used.
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Table 1. Defining indicative indicators for business ecosystem properties.

Property Indicative Indicators

Integrity Profitability (based on adjusted EBITDA)

Self-reproduction Total revenue

Sustainability Change in net profit of the system

Self-regulation Intra-segment calculations

Emergence Ratio of core revenue to service revenue

The mechanism of self–preservation consists in the continuous maintenance of a given
level of disorganization (entropy (chaos)), constant counteraction to destructive factors that
violate the order in it, determined by the properties under consideration.

In this state of the business ecosystem, it is proposed to consider the following relationship:

(C1 + C2) ≥ (D1 + D2) (1)

where the following definitions hold:
D1 are destabilizing factors of the internal environment (changes in the general behav-

ior strategy, rules for building connections, changes in the bandwidth of communication
channels, management errors, increase or decrease in the number of ecosystem participants,
changes in the properties of the ecosystem core, etc.);

D2 are destabilizing factors of the external environment (inflation, fluctuations in
demand for various types of products and services, changes in the structure of the customer
base and their preferences, user loyalty, political and geopolitical situation, economic
crises, etc.);

C1 are internal resources for sustainability (management decision-making, reconfig-
uration of links between ecosystem participants and the core, growth of management
competencies, internal regulatory measures, etc.);

C2 are external resources (political lobbying, attracting investors, expanding the circle
of beneficiaries, etc.) [45].

Let us assume that the property of self-preservation is maximally realized at the
point of necessary equilibrium, taking into account the possibility of development and the
synergetic effect from the implementation of the previously indicated ecosystem properties.
The synergetic effect of the maximum possible achievement of these five properties is
reflected in the magnitude of the entire system’s potential, as well as in the possibility
of its further development. It should be noted that an ecosystem cannot be in complete
equilibrium and should constantly evolve, thereby fully realizing the properties of self-
reproduction and emergence.

The general algorithm of the calculation part is shown in the next figure (Figure 1).
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4. Results
In order to apply the above concept in practice, the authors proposed a methodology

for determining the point of maximum concentration of ecosystem properties as the point of
the most effective state for the preservation of properties and further development [46,47].

Each of the ecosystem properties (integrity, self-reproduction, sustainability, self-
regulation and emergence) is assigned one indicative indicator (Table 1) that most fully
characterizes it.

In the authors’ model, the first iteration suggests the following dependency. Each
selected property is directly influenced by both the indicative indicator and the remaining
others, but with less force. To determine the degree of influence of each of the indicators on
the property of the business ecosystem, the authors used the ranking method of indicators
with justification of their significance. Table 2 shows the results. When the rank is higher,
the influence of the indicator on the property is lower.

Table 2. Ranking the impact of indicators on the properties of the business ecosystem.

Ecosystem Properties Integrity Self-Reproduction Sustainability Self-Regulation Emergence

Integrity - 1 2 3 4

Self-reproduction 2 - 4 1 3

Sustainability 1 4 - 3 2

Self-regulation 3 2 1 - 4

Emergence 4 1 3 2 -
Source: compiled by the authors.

After that, the authors ranked the indicators to distribute their impact on each of the
properties. Taking into account the definitions of the above properties, they justified their
effects on each.

Integrity, as mentioned earlier, is determined by the contribution of each element to the
final result of the ecosystem. Taking into account the unity of the ecosystem and the set of
its properties with the definition of each of the related properties, it is possible to determine
their ranked influence on the property of integrity. In this case, the most influential
property, according to the authors, is the property of ecosystem sustainability, followed
by the properties of self-reproduction, sustainability, self-regulation and emergence, in
that order.

The authors similarly determined the influence on the remaining properties.
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To distribute the influence, the authors used an estimate of the probability of influence
that is distributed linearly. So, with a linear probability distribution of dependence, the
indicative indicator for the probability of influence is equal to 1 for the first rank of influence,
0.8 for the second rank, and so on up to 0.2.

The linear model requires adaptation to the realities of a market economy, and to
transform the simplified linear distribution, the authors used the gamma probability
distribution, which is universal and is used to model various phenomena. It is determined
by two parameters: the shape and the scale, and has a probability density function that
can be used to calculate the probability of any event, for example, in the financial sector,
for insurance, for determining the reliability parameters of technology and for modeling
biological processes.

For the selected array of probabilities, the authors determined the necessary param-
eters of the distribution of the random variables α and β. With an array of linearly dis-
tributed probabilities (x = 0.2; 0.4; 0.6; 0.8; 1) the parameters are the following: α = 3.60 and
β = 0.17 (the parameters were calculated for the gamma distribution). With these param-
eters, the authors calculated the distribution function and the probability density for the
gamma distribution (Table 3).

Table 3. Calculation of the gamma distribution.

Rank Linear
Probability Distribution Function Probability Density

5 0.2 0.05464 0.74462

4 0.4 0.28388 1.39212

3 0.6 0.55548 1.23191

2 0.8 0.75950 0.80257

1 1 0.88172 0.44209
Source: compiled by the authors.

Further, using the law of the normal gamma probability distribution, the authors
determined the effect of the indicator on the remaining four properties, thereby taking
into account the synergetic effect of the influence of all ecosystem properties and the
probabilistic component.

The distribution graph is shown in Figure 2.
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Let us make the transition from the influence rank to the linear probability.
As an influence distribution tool, the authors used the probability parameter of the

influence of each of the indicators presented in Table 2 with the values of the coefficients Sn,
thereby determining the numerical value of each of the values. Taking into account the law
of the normal gamma distribution and the influence ranks shown in Table 2, the authors
calculated the variables Sn and presented the results in Table 3.

After that using the law of the normal gamma probability distribution, the authors
determined the effect of the indicator on the remaining four properties, thereby taking
into account the synergetic effect of the influence of all ecosystem properties and the
probabilistic component.

The matrix is compiled for the indicators for the period of one specific year. To
understand the process, the authors presented the matrix template in Table 4 with an
indicative indicator for each of the ecosystem properties.

Table 4. Template for the matrix of the impact of indicators on the properties of the business ecosystem.

Indicator
Property of a Business Ecosystem

Integrity Self-
Reproduction Sustainability Self-

Regulation Emergence

Share SRO

Profitability (adjusted EBITDA), RO X

Share SR

Total revenue, R X

Share S∆NP

Change in the net profit of the system, ∆NP X

Share SIS

Intra-segment calculations, IS X

Share SRcore/Rserv

The ratio of core revenue to service
revenue Rcore/Rserv

X

After that, the authors determined the coefficients of the impact of indicators on the
ecosystem property using the data on determining the rank from Table 2 and the probability
distribution from Table 3 and summarized the results in Table 5.

Table 5. Determining the coefficients of ecosystem indicators.

Ranks Integrity Self-
Reproduction Sustainability Self-Regulation Emergence

Rank 1 2 3 4 5

SRO 0.88172 0.75950 0.55548 0.28388 0.05464

Rank 3 1 5 2 4

SR 0.55548 0.88172 0.55548 0.75950 0.28388

Rank 2 5 1 4 3

S∆NP 0.75950 0.55548 0.88172 0.28388 0.55548

Rank 4 3 2 1 5

SIS 0.28388 0.55548 0.75950 0.88172 0.55548

Rank 5 2 4 3 1

SRcore/Rserv
0.55548 0.75950 0.28388 0.55548 0.88172



Mathematics 2025, 13, 1161 11 of 19

It is necessary to define a management model for the business ecosystem in order to
determine the necessary impacts (which are expressed, among other things, in managerial
actions) on it in the process of its progress toward the goal. It should be noted that the
business ecosystem, having the properties of self-regulation, does not exclude control
impact, thereby ensuring a faster return to the moment of its equilibrium in the most
efficient and least energy-consuming way. Thus, the authors noted the minimization of
control impact that fully corresponds to the above-mentioned properties of the business
ecosystem. At the same time, the control impact on the business ecosystem is not completely
excluded; it is necessary to adjust its behavior. Taking this into account, this research
created a practical mechanism for managing the business ecosystem for both management
personnel and beneficiaries directly.

Let us describe the business ecosystem management model as a process with a con-
trol impact.

The control process in the system is expressed by the following equation [46]:

AX = λX, (2)

where the following definitions hold:
A is the initial state of the control object;
X is the control impact on the control object;
λX is the result of the control (the power of the control impact).
In this case, the state of the control object is the following:

A = XλX−1, (3)

where the following definitions hold:
λ is the eigenvector: the coefficient of the synergetic effect of the control impact.
In accordance with the developed methodology, a synergetic effect appears when

various parameters of the business ecosystem are affected; thereby, there is a nonlinear
effect from management decisions and their application.

In this research, the authors propose to use the concept of “system energy”, which is
described by analogy with physical processes, since the authors used the analog similarity of
the biological world when describing the properties of a business ecosystem. In the authors’
opinion, the principle of analog similarity can also be applied to the above model [45]. The
idea of the concept of “system energy” is that the authors make an analogy between the
system’s internal energy and the body’s internal energy, which is the sum of the kinetic
energy of all its molecules and the potential energy of their interaction. It should be
clarified that the equilibrium of the business ecosystem is a state in which the maximum
realization of its properties is ensured, assuming not only a stable existence, but also
dynamic development to maximize the satisfaction of the needs for the provision of services
and goods to users of the system.

Further, using the properties of integrity, self-reproduction, sustainability and self-
regulation, the authors applied the law of conservation and distribution of energy that was
discussed earlier in the research. It is these three properties of the business ecosystem that
ensure its sustainability. At the same time, the system remains in equilibrium, and there is
a possibility of further development provided by the emergence property.

Let us apply these properties of the business ecosystem to the matrix of the impact of
indicators on the properties of the business ecosystem. The sum of the eigenvalues (∑ λi)
and the sum of the diagonal elements of the original matrix are identical and characterize
the law of conservation of the “system energy”.
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The distribution of eigenvalues (λi) over the factor vectors of the system characterizes
the share of contribution of each of them to the total potential of the entire system.

The structure of each vector of eigenvalues (λi) characterizes the law of conservation
of the structure of the distributed “system energy” within the vectors.

To analyze the sustainability and prepare the defining vectors of the matrix, the authors
summarized the data in Table 6. For further calculations, the authors transposed the matrix
and rounded the values for convenience of calculations and determination of the indicators’
impact (vertically in the table) on the properties of the business ecosystem (horizontally).
The results of transformations are presented in Table 7.

Table 6. Matrix of the impact of indicators on the properties of the Yandex business ecosystem based
on the results of work in 2023.

Indicators 2023 Integrity Self-
Reproduction Sustainability Self-

Regulation Emergence

Rank 1 2 3 4 5

Probability 0.88172 0.7595 0.55548 0.28388 0.05464

Profitability (adjusted
EBITDA), % 12.1 10.669 9.190 6.721 3.435 0.661

Rank 3 1 5 2 4

Probability 0.55548 0.88172 0.05464 0.7595 0.28388

Total revenue, mln.
rub. 800,125 444,453.4 705,486.2 43,718.83 607,694.94 227,139.485

Rank 2 5 1 4 3

Probability 0.7595 0.05464 0.88172 0.28388 0.55548

Growth rate of the net
profit of the system, % 46 34.937 2.513 40.559 13.058 25.552

Rank 4 3 2 1 5

Probability 0.28388 0.55548 0.7595 0.88172 0.05464

Intra-segment
calculations, mln. rub. 131,949 37,457.68 73,295.03 100,215.27 116,342.07 7209.69

Rank 5 2 4 3 1

Probability 0.05464 0.7595 0.28388 0.55548 0.88172

The ratio of core
revenue to service

revenue, %
56 3.060 42.532 15.897 31.107 49.376

Table 7. Transposed influence matrix (with rounded values).

Indicators
Profitability
(Adjusted

EBITDA), %

Total
Revenue,
mln. rub.

Change in the
Net Profit of

the System, %

Intra-Segment
Calculations,

mln. rub.

The Ratio of Core
Revenue to Service

Revenue, %

2023 12.1 800,125 46 131,949 56

Integrity 11 444,453 35 37,458 3

Self-reproduction 9 705,486 3 73,295 43

Sustainability 7 43,719 41 100,215 16

Self-regulation 3 607,695 13 116,342 31

Emergence 1 227,139 26 7210 49

Tables 6 and 7 have the form necessary for further calculations.
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Further, the matrix Am×n presented in Table 7 in terms of finding eigenvalues and
eigenvectors was calculated. The calculation was performed using an online service [42].
The calculation results are presented below.

Am×n =



11 444453 35 37458 3

9 705486 3 73295 43

7 43719 41 100215 16

3 607695 13 116342 31

1 227 26 7210 49


The sum of the spectrum of the matrix is 821,929 and is calculated as the sum of the

elements of the main diagonal:

Λ = a11 + a22 + a33 + a44 + a55 (4)

where the following definition holds:
amn is the value of the matrix cell of column m of row n.
The eigenvectors of the matrix A are as follows:

υ1 ≈



6.384

−0

−3.116

0.001

1


, the eigenvalue λ1 = −16.371

υ2 ≈



−1.961

−0

−0.691

+0

1


, the eigenvalue λ2 = 29.602

υ3 ≈



−0.100

−0

0.552

−0

1


, the eigenvalue λ3 = 63.213

υ4 ≈



−1.667

−0.748

13.174

6.705

1


, the eigenvalue λ4 = 48559.946
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υ5 ≈



69.416

112.037

19.767

103.638

1


, the eigenvalue λ5 = 773292.609

In the case of determining the impact of indicators on the set of properties of the
business ecosystem, the authors used the obtained eigenvectors of the previously prepared
matrix presented in Table 7. In the case of determining the impact, the calculation of
eigenvectors and their values allows the authors to determine the key indicators, the
changes in which have the greatest impact on the set of properties of the business ecosystem
and ensure the maximum conservation of its “energy”.

For the ease of understanding of the research, here and further, the authors present
calculations using matrices in the form of corresponding tables.

The found eigenvectors of the impact of indicators on the properties of the business
ecosystem will form the matrix A′

m×n, the values of which are summarized in Table 8 for
further calculations.

A′
m×n =



6.384 −1.961 −0.1 −1.667 69.416

0 0 0 −0.748 112.037

3.116 −0.691 0.552 13.174 19.767

0.001 0 0 6.705 103.638

1 1 1 1 1


Based on the data obtained, the authors determined the contribution of the eigenvec-

tors to the mechanism of the system Aυ using the following formula:

Aυm=
λm

Λ
, (5)

where the following definitions hold:
λm is the value of the eigenvector of the indicator in column m;
Λ is the spectrum of the matrix Am×n.
The data in Table 8 allow the authors to conclude that the “intra-segment calculations”

and “the ratio of core revenue to service revenue” indicators have the greatest impact on
the system mechanism, and the contribution of the second indicator is the most significant
and takes the leading place in terms of influence.

In Table 9, the authors determine the sum of the values of the eigenvectors of the
impact of indicators on the properties of the business ecosystem, using the sum of the
horizontal columns of the resulting matrix:

∑ υn =
m

∑
i=1

a′mn

Table 9 shows that the largest sum of the values of the eigenvectors is formed by the
indicators “intra-segment calculations” and “the ratio of core revenue to service revenue”.
Thus, these are the indicators that have the greatest impact on the five ecosystem properties
in general.
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Table 8. Eigenvectors of the impact of indicators on the properties of the business ecosystem and
their contribution to the mechanism of the system.

Indicators
Profitability
(Adjusted

EBITDA), %

Total
Revenue,
mln. rub.

Change in the
Net Profit of

the System, %

Intra-Segment
Calculations,

mln. rub.

The Ratio of Core
Revenue to Service

Revenue, %

Integrity 6.384 −1.961 −0.1 −1.667 69.416

Self-reproduction 0 0 0 −0.748 112.037

Sustainability 3.116 −0.691 0.552 13.174 19.767

Self-regulation 0.001 0 0 6.705 103.638

Emergence 1 1 1 1 1

Eigenvalues −16.371 29.602 63.213 48,559.946 773,292.609

Contribution of
eigenvalues to the

system mechanism, %
−0.0020 0.0036 0.0077 5.9080 94.0827

Table 9. The sum of the values of the eigenvectors of the impact of indicators on the properties of the
business ecosystem.

Indicators
Profitability
(Adjusted

EBITDA), %

Total
Revenue,
mln. rub.

Change in the
Net Profit of

the System, %

Intra-Segment
Calculations,

mln. rub.

The Ratio of Core
Revenue to Service

Revenue, %

Integrity 6.384 −1.961 −0.1 −1.667 69.416

Self-reproduction 0 0 0 −0.748 112.037

Sustainability 3.116 −0.691 0.552 13.174 19.767

Self-regulation 0.001 0 0 6.705 103.638

Emergence 1 1 1 1 1

The sum of the values
of the eigenvector 10.501 −1.652 1.452 18.464 305.858

To determine the degree of impact of indicators on the properties of the business
ecosystem, it is necessary to determine the structure of its eigenvectors. To do this, the
authors divided each value by columns from Table 9 by the sum of its eigenvectors. To
exclude negative values, the authors squared the values of the columns with negative
values. As a result, they obtained the resulting table, on the basis of which it is possible to
draw conclusions from the calculations (Table 10). The table checks the calculation for the
sum of shares that should be equal to 1.

For visual clarity, the cells with values from lower (0) to higher (0.72284) were painted
in certain colors. Taking into account the results shown in Table 8, let us consider columns
4 and 5 of the table. By searching for the maximum value in these columns, the largest
value of the share of influence was found, thereby diagnosing the impact on the considered
property of the business ecosystem. In the presented calculation using the developed
methodology, it can be concluded that the most influential indicator “intra-segment calcula-
tions” has a great impact on sustainability property, and the indicator “ratio of core revenue
to service revenue” has the most significant impact on the self-reproduction property.

By obtaining numerical values of the degree of influence and evaluating them within
the framework of the methodology, we identify the most influential financial indicators
for certain ecosystem properties. Thus, it can be seen from the calculations performed that
changing intra-segment calculations, for example, by reducing the activity of organizations’
connections in segments by type of activity, weakens or strengthens the stability property
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of the entire business ecosystem. Speaking of stability, its adjustment makes it possible to
strengthen the equilibrium of the system by strengthening, thereby distributing forces to
its static state without subsequent development.

Table 10. Structure of eigenvectors of influence of indicators on the properties of a business ecosystem.

Indicators
Profitability
(Adjusted

EBITDA), %

Total
Revenue,
Million
Rubles

Change in the
Net Profit of

the System, %

Intra-Segment
Calculations,

Million Rubles

The Ratio of Core
Revenue to Service

Revenue, %

Integrity 0.6079 0.72284 0.0076 0.0125 0.2270

Self-reproduction 0.0000 0.0000 0.0000 0.0025 0.3663

Sustainability 0.2967 0.089752 0.2318 0.7788 0.0646

Self-regulation 0.0001 0.0000 0.0000 0.2017 0.3388

Emergence 0.0952 0.187969 0.7606 0.0045 0.0033

The verification
amount of the share 1 1 1 1 1

The results obtained are consistent with the initial hypotheses, including those put
forward within the framework of A.A. Bogdanov’s theory, and correspond to trends
in the influence of financial indicators on the overall development or stagnation of the
business ecosystem.

As model validation, the calculation of the sum of the spectrum of the original matrix
from the sum of the eigenvalues is performed. As it was calculated before, the sum of the
spectrum of the matrix is equal to 821,929; let us calculate the sum of the eigenvalues of the
found vectors from Table 8. The sum of the eigenvalues is also equal to 821,929; therefore,
with this equality, the model can be considered valid.

5. Discussion
The results obtained in mathematical calculations have theoretical and practical ap-

plications, revealing the essence of the mechanism of functioning of business ecosystems
under the influence of certain economic factors and the control impact on them.

In general, the hypothesis put forward in the framework of this study is confirmed
by the very fact of the existence of the gravity matrix and the results obtained, which are
confirmed by retrospective data.

The calculations presented in the research according to the developed methodology are
an example of working with business ecosystem indicators and can be used by management
and business ecosystem participants to enhance and regulate the necessary properties at
various points in time, depending on the external and internal environment of the system,
and represent a practical tool.

As we noted earlier, the calculation of results can be performed with different variants
of a set of decomposed properties, and as part of the calculation using this methodology,
users can consider linking these properties with various indicators of business ecosys-
tem activity available in selected sources, thereby making the proposed methodology
adaptive. But in this case, one should not forget about the correctness of the choice of
indicators and available data, since incorrect alignment of indicators and properties of the
business ecosystem will inevitably lead to an incorrect calculation of gravity; thereby, in
its practical application, it may disrupt the strategic development of the ecosystem due to
incorrect decisions.



Mathematics 2025, 13, 1161 17 of 19

During the research, restrictions on the choice of business ecosystems were used by
checking the existence of their properties and ecosystem components, including the internal
and external connections of the system and the presence of a pronounced core.

This method can be used as a component of a machine learning system based on
the use of big data and as an ever-expanding matrix of diagnostic parameters, thereby
increasing the accuracy of recommendations on control impact. The developed method
involves the use of a mathematical tool that simplifies the transition to the development
of a technical specification for automation of the developed algorithm for assessing the
impact of various indicators on the properties of the business ecosystem. This allows for
finding certain areas in the organization’s lifecycle that are favorable for various changes.

At the same time, it should be clearly understood that large amounts of data for
subsequent calculation using neural network tools must be verified and represent data
for determining the decomposed properties of a business ecosystem. Otherwise, we may
obtain a large error that increases with each iteration of the calculation in the layers of the
neural network, thereby increasing the risk of making an incorrect management decision,
exacerbating the ecosystem situation in the market, which will lead to enormous energy
costs to restore equilibrium and the possibility of subsequent development.

As a result of the research, for the first time, we received a tool for digitizing the
business ecosystem and its properties, which plays an important role in finding mechanisms
for managing business ecosystems in real conditions [48,49].

It should be noted that the developed method is applicable to business ecosystems
that include all five of the above properties and have a typical composition of elements (a
core organization and sets of ecosystem participants in various fields), thereby providing
all the necessary internal and external links. The number of indicators under consideration
should be equal to the selected properties, but, in essence, the method can also be applied
to an expanded set of indicators with a ranking of each property (Table 5).

Further studies will be in the field of strategic planning of the organization’s activities
based on the proposed computational model that allows for determining the optimal start-
ing point for the prolongation of its life cycle. The model proposed by the authors improves
the accuracy of planning based on the application of the original author’s algorithm and
objective performance indicators of the organization.
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