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Abstract: Ecosystem business models are becoming widespread in the modern economy; their poten-
tial is increasingly understood by financial institutions. Banks become part of the ecosystems and
some of them initiate their creation, seeing in this business model an opportunity for their develop-
ment. However, not all the possibilities of the ecosystem business model are sufficiently recognized
by banks. Meanwhile, becoming “orchestrators” of ecosystems, banks get new opportunities, taking
on new management functions that require the development of new promising competencies. This
aspect predetermined the goal of this article—to explore the essence and development prospects
of banking ecosystems and create a model for the establishment of additional innovative and tech-
nological advantages for banking ecosystems, allowing the bank to create conditions for long-term
competitive advantages. Methods of comparative analysis, statistical methods, modeling methods,
and cluster and regression analysis were applied. The results: a model of technological increment that
formed during the functioning of the banking ecosystem has been developed; the authors established
that the orchestration of the ecosystem by the bank creates opportunities for the formation of new
profit centers because of the formation’s greater number of innovative technologies and the possibility
to dispose the intellectual property.

Keywords: ecosystem business models; innovative technologies; banking ecosystems; orchestrating
of ecosystems

1. Introduction

The study of entrepreneurial ecosystems is becoming an independent field of study
and is considered as a special business model typical of the era of digitalization. There
are opinions that this economic form was formed in the Middle Ages and is the result of
the evolution of fair trade and merchant and trading communities. It is obvious that its
formation has logical relationships with vertically integrated forms of management and
with cluster formations of a technological nature (as we described in the article [1]).

However, despite a few similarities with other models of economic activity, what are
called entrepreneurial ecosystems are not just an evolved form of partnership and collabo-
ration. In the conditions of digitalization, they gain independent meaning and form new
competitive conditions in the external and internal environment. Being a promising form, it
has a few advantages that determine its originality and authenticity. This is predetermined
by their manufacturability (in the context of the presence of special technologies that form
the system and make it authentic, market-relevant and competitive), the implementation of
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digital platform relations, the prevalence of collaborative partnerships, and the availability
of financial relations (forms, methods and technologies of implementation, which should
increase by including in the system not only relations related to the payment of goods
and services, but also with insurance, crediting of participants, other possible forms of
development of financial relations and financial services within ecosystems, including
specialized ones, which should arise with their progress).

The concept of an ecosystem has become quite firmly established in all areas of
modern economic science and economic activity. The paradigmatic nature of the ecosystems
characterizes their significance for research and high-probability occurrence of new business
conditions because of the digitalization of business processes and the transformation of
consumer behavior.

The authors, developing the research at the conceptual level, also remember that the
economic meaning of the concept of “ecosystem” was provided by J.F. Moore [2,3], and
they believe (for a few reasons, including those indicated in [1]) that it is not quite correct
to use the concept of ecosystem without a specific economic context. In this regard, the
authors understand by ecosystems a special (ecosystem) business model. This position
does not contradict the concept of J.F. Moore and other researchers.

Ecosystems are unique in that they create conditions for the formation of a new
competition form—coopetition. In a few works devoted to the study of ecosystems, their
authors note that they contribute to the development of the ecosystems theory. Perhaps
this is evidence of the isolation of this phenomenon and the emergence of an independent
direction of research.

We are not sure that it is expedient to form a special theory of ecosystems, but we
respect this position. The theoretical concept of ecosystems is developing rapidly, and
new views on the concept of ecosystems have already been formed, different from those
that have become classics. It should be noted that the COVID-19 pandemic, despite its
tragic character, stimulated the development of ecosystems. The increased interest of the
scientific community in the study of this phenomenon has led to an increase in the number
of publications and the differentiation of researcher positions. Of particular interest is that
ecosystems are able to constitute new forms of cooperation and new forms of competition.

As noted, the pioneer of research of ecosystems in business was J.F. Moore. Among
those who began to study this phenomenon a long time ago, we should highlight the
publications of T.F. Bresnahan and S. Greenstein [4], A. Gawer and M.A. Cusumano [5],
J. West [6], N. Economides and E. Katsamakas [7], R.M. Henderson and A. Gawer [8], C.
Wigren [9], M. Markus and M. Silver [10], S.A. Zahra and S. Nambisan [11] and others.
Many of these authors continue to develop their conceptions. Because of the impossi-
bility of citing within the framework of this manuscript the entire significant number of
reputable researchers who have studied the researched issues, we will focus on those
studies whose results are especially significant within the goal of this manuscript, using
several accents—understanding ecosystems, studying the mechanism of their functioning,
composition and prospects, innovative opportunities and significance implementation
in banking and for the development of banks. We also consider the fact that the term
“ecosystem” does not yet have a generally accepted definition, but this makes their study
even more interesting.

According to R. Adner, an ecosystem can be characterized as the result of the interac-
tion and coordinated behavior of numerous partners who form a value proposition through
their efforts; for him an ecosystem is a “structure that defines belonging” [12], p. 40.

S.Y. Barykin et al. argue that Adner improved J.F. Moore’s understanding of ecosys-
tems and differentiate two types of ecosystems—Moore’s ecosystems and Adner’s economic
ecosystems, each of which is subject to special specific conditions [13].

According to E. Autio et al., who have studied industrial areas and agglomerations,
clusters and innovative systems single out entrepreneurial ecosystems as a separate type of
entrepreneurial activity, rightly making such accents as innovative business models and
“by voluntary horizontal knowledge spillovers” carried out within ecosystems [14].
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It should be noted that M.G. Jacobides et al. note such qualities of ecosystems as
modularity, which allows “multilateral dependences based on various types of comple-
mentarities” [15].

P. Torres and P. Godinho [16], based on the conclusions of E. Autio and L. Thomas [17]
and E. Autio et al. [14], are thinking the main promising advantages of “entrepreneurial
ecosystems” are “modularity”, “organization of communications”, organization of connec-
tions between participants and in relation to the availability of search capabilities and on
scaling up [16].

J.T. Li et al. consider the unique advantages of ecosystems; analyzing the complexities
and “bottlenecks” formed during the transformation of business models in their article, they
join researchers who combine the management of multinational networks and management
of platform technologies, working within the framework of the development of the theory
of the ecosystem, and propose the concept of ecosystem advantages—“ecosystem-specific
advantages”. The authors especially highlight the value of “firm-specific advantages”
(FSAs) [18].

Pointing to the relationship with the theory of internalization, the authors J.T. Li et al.
note that the use of individual firms with specific characteristics (FSA) by platform compa-
nies “follows the logic of externalization and depends on the pooling of external, additional
assets owned and controlled by autonomous partners” [18–20], since this firm can share its
technologies with partners, transfer rights to them (for example, Google, which shared An-
droid code, and Baidu, which shared Apollo). The peculiarity of this situation may lie in the
fact that, unlike MNCs (multinational corporations) and internalization processes, within
the framework of the operation of platform ecosystems a situation may arise in which the
company’s intangible assets become available to partners in host countries, which is in the
interests of the platform owner, since this creates network effects (although sometimes the
use of the platform becomes completely independent of the owner company), and each of
the partners can use the open codes of different companies; that is, complementarities have
access to alternative systems (for example, both iOS and Android) [18].

According to J.T. Li et al., additional benefits in ecosystems are created by “the gen-
erative potential of distributed innovators” and are also shaped by the sharing economy.
At the same time, the owners of such platforms themselves receive unique opportunities
“to recombine resources is considered MNCs”, which is possible only at high levels of
development of MNCs and does not correspond to the theory of internalization, according
to which MNC companies seek to obtain rent and “concerns itself mostly with the capture
of rents earned in value-adding activities” [18,21]. J.T. Li et al. consider ecosystems “as
a mode of cooperative governance”, noting, first, that “the ecosystem perspective better
describes platform organization structures than traditional theories Ecosystems can be
seen as comprising a multilateral set of autonomous firms that collaborate to realize a
value proposition” (R. Adner [12]; M.G. Jacobides [15]) and, second, that “the international-
ization of digital platforms largely depends on whether platforms can attract ecosystem
participants in local markets and align their goals with those of the platform” [18,22].

Researchers also pay attention to the study of competing platforms (ecosystems) and
find that competing platforms may have different focuses for profit [23].

A. Gupta et al., following the formation of the theory of “social inclusive open inno-
vation”, also touch upon the importance of developing technological, as well as market
and institutional adaptability, when because of open innovative platforms they create the
opportunity for interaction between communities and corporations [24].

Returning to the question pointed out by J.T. Li et al. that ecosystems are not without
significant bottlenecks [18], we note that the competitive advantage of ecosystems consists
precisely of the fact that ecosystems have great advantages in optimizing the problems cre-
ated by bottlenecks (in comparison to other business models). This is due to their openness
and the possibilities of technological improvement, but at the same time, ecosystems have
a drawback consisting of an extended payback period for investments in their creation
and orchestration. At the same time, ecosystems are characterized by the uninterrupted
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dynamism of resources traffic, and the development of partnerships into an ecosystem
makes new market spaces (digital and non-digital) possible for its orchestrators at a lower
cost. It is the secret of ecosystems to consist of the uninterrupted dynamic development of
this system: extensive factors are transformed into intensive factors in it.

The discovery of the dynamics and prospects of ecosystems seems to be significant
also. In this regard, it should be noted, first, the manuscript of A. Cozzolinoa et al. They
studied the possibilities of developing collaboration and “competition between incumbent
producers and entrant platforms”. The authors identified three groups of clusters, which
are of great importance for understanding the prospects for the growth of ecosystems and
new forms of competitive relations [25]. Second, one should pay attention to the ideas
presented in the manuscripts, and then in the book, by C. Beaudry, T. Burger-Helmchen
and P. Cohendet. First in their article and then in the book, they differentiate the forms
and concepts of ecosystems. In addition, they are studying a dynamic approach to the
formation of ecosystems. This is an important contribution of these authors and it finds
our understanding: we also consider the dynamic character of ecosystems and show it in
the model (in the section “Results” in this manuscript) [26].

R.B. Bouncken and S. Kraus discuss the evolution of ecosystems and establish that the
development of ecosystems is ensured by a change in the balance of power, one of which
stimulates a given company to scale it up, while the other stimulates it to use external
resources to solve its business problems [27]. This position seems interesting and related to
the problem of optimizing transaction costs and, of course, with institutional theory and
had the correlation with R. Coases’ ideas in his famous book, The Nature of the Firm [28].

Y. Yi, Y. Chen and D. Li define the innovative perspectives of business ecosystems,
which are born precisely because of the interaction of participants in these ecosystems. The
authors also consider the problem of learning in organizations [29].

For Finnish scientists A. Bazarhanova et al., the “digital platforms are open, constantly
evolving sociotechnical structures” that are sensitive to change. They study the process
of evolution of the ecosystem from the “dominant phase with centralized management
structures to a more federated approach to management”, and they study the problem of
ownership transformation and conclude that “platforms can transform into industry infras-
tructures has an important implication for our understanding of the dynamics underlying
digital platform” [30].

A great contribution to the systematization of ideas about ecosystems is made by L.
Thomas et al. In general, the authors attempt to systematize the mainstreams that have
formed in the scientific literature, describing the entire set of phenomena that describe
the formation and development of platform ecosystems. They differentiate works and
scrutinize the work of scientists, subdividing them into four main streams of research:
(1) “Organizational”; (2) “Product family”; (3) “Market intermediary”; and (4) “Platform
ecosystem”. Each of the directions is characterized by its own “level” of research—“firm”,
“product”, “industry”, and “System/Industry”, respectively. “Key Concepts” are also dif-
ferentiated: “Core competencies”, “real options” and “dynamic capabilities” (1); “Product
family; architecture; modularity; commonality” (2); “Network externalities; standards;
multi-sided markets” (3); and “Network externalities; innovation; standards; modularity”
(4). They also noted that each stream will have own value creation methods: for “Organiza-
tional” (1)—“Flexibility; Superior adaption”; for “Product family” (2)—“Flexibility; cost
savings; innovation”; for “Market intermediary” (3)—“Market efficiency; pricing structure;
market power”; and for “Platform ecosystem”—“Flexibility; cost savings; innovation; ex-
ternalities; innovation; learning; market power” [31]. L. Thomas et al. also consider that A.
Gawer and M.A. Cusumano [5], T.F. Bresnahan and S. Greenstein [4], J. West [6], A. Gawer
and R.M. Henderson [8] are studying platform ecosystems.

Indeed, A. Gawer and M.A. Cusumano [32] distinguish two types of platforms: “inter-
nal (company or product) platforms”, representing the structure formed by a “set of assets”
(1); and “external (industry platforms as products, services, or technologies)” that provide
the basis on which “external innovators” organized into an “innovative business system”
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develop their own complementary products, technologies, or services. They illustrated, as
in an ecosystem, that “many peripheral firms are connected to a central platform” through
technology standards or software [5].

A few authors study the features and benefits of ecosystems. For example, L. Thomas et al. [31]
believe that ecosystems contribute to economies of scale, and according to [33] —economies
of substitution. According to the ideas of L. Thomas et al., “a platform ecosystem is typically
more complex than a product family or multi-sided market because it includes concepts
from both the product family and multi-sided market streams such as modularity and
market simplification” [31] and it “acts as a hub of value exchanges” [7]. The advantage of
platform ecosystems, according to L. Thomas et al., is form because of the loss of control over
the entire product system. This facilitates the “integration of independent complementary
products”, which means obtaining direct and indirect network externalities, and leads to
the acquisition of market power through the coordination of buyers and sellers. In this
way, platforms enable transactional leverage enhanced by the benefits of architectural
openness [31]. These authors studied the in-depth issues of ownership (in ecosystems).

N. Economides and E. Katsamakas noted back in 2006 that “Technology platforms are
the hubs of the value chains in technology industries”. They distinguished the advantages
of “proprietary” and “open” source. They believed that firms having prioritized (closed)
platforms realize “two-sided platform pricing”, which is not available for firms with open
technology platforms. They asked important questions about whether it is possible for open
and closed platforms to coexist in the same market (in the same industry) and what the
competition is between them. Their conclusion is that in the face of competition between
a “system based on an open-source platform” and a “system based on a closed source
platform”, the second of them will be dominating in market share and in the profits, even if
the cost of implementing open platforms is zero [7].

Raising the issue of differentiation of ecosystem types, we note that by combining the
concepts of digital and entrepreneurial ecosystems, F. Sussan and Z.J. Acs introduced the
concept of a digital entrepreneurial ecosystem (DEE). They studied its structure, formed
by four concepts: “digital infrastructure governance, digital user citizenship, digital en-
trepreneurship, and digital marketplace” [34].

Moreover, the concept of “digital ecosystem” [16] belongs to P. Dini et al. [35], as well as
to P. Weil and S.L. Woerner [36]. “Digital ecosystems” was also studied by G. Elia et al. [37],
and in the “Digital Ecosystems” study by Z.J. Acs et al. [38], based on a systems approach,
national enterprise systems have been studied [37]. An interesting position has been taken
by [39] who believe that “DEE represents a combination of elements, in a particular territory,
backing the growth of start-ups aiming to pursue new opportunities that arise from digital
technologies” and Song’s position asking are DEE “local, global, intermediate, or all of the
above?” [40], p. 583.

K. Taylor-Wesselink and F. Teulon [41] makes a serious analysis of the ecosystems
literature and differentiate directions, and also rightly note the digital platform’s ability to
change “quickly and unpredictably”, complicating entrepreneurial activity, and following
A. Martinez et al. [42] suggest that “through the use of digital platforms, entrepreneurial
opportunities and success are democratized” [41].

T. Riazanow et al. studied several types of ecosystems in the context of digital trans-
formation in several industry areas (automotive, blockchain, financial, insurance and IoT)
and identified similarities between them and created clusters formed by companies that
are not part of the same ecosystem. The authors discussed the specifics of their functioning
and identified those that create unique value for their ecosystems [43].

G. Baran and A. Berkowicz studied whether digital platform ecosystems create “real
value for society” and what solutions contribute to their growth. Considering “the trans-
functionality of the digital strategy”, the authors develop a model representing ecosystems
as “Living Labs”, noting their innovative value. They believe that “Digital ecosystems
are collaborative organizations that are digitally connected, modular, non-hierarchical,
specialized, connected, and competing” [44].
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E. Stam and A. Van de Ven, after analyzing the growth of ecosystems in the Nether-
lands, concluded: “We find that the prevalence of high-growth firms in a region is strongly
related to the quality of its entrepreneurial ecosystem” [45].

An important issue regarding the measurement of ecosystems effectiveness was stud-
ied by J. Dul. He wrote: “since the literature has not reached a consensus on how to
measure entrepreneurial ecosystems performance. Finding the necessity of each element is
of special concern from a policy perspective because a necessary condition cannot be left
out. A necessary condition must be present to achieve a desired outcome” [46].

P. Torres and P. Godinho raise the question of the levels and composition of en-
trepreneurial ecosystems and the elements that should be included in them. They take
a separate state as a unit of analysis, in which “ambitious entrepreneurship” is formed,
created by digital entrepreneurial ecosystems. Their creation is facilitated by various
conditions that are differentiated by levels, they study “bottlenecks” that impede the
development of ambitious and digital entrepreneurship [16].

An interesting view is presented by Song (the DEE structure). He proposed a reconfig-
uration of the DEE, highlighting three types of frameworks. The first of them is “digital
user citizenship” (the entire set of users, including consumers and producers). The second
structure is “digital technology entrepreneurship”—agents developing additional prod-
ucts and services related to digital platforms and the “digital multisided platform” itself.
Song also defined the conditions that are necessary for the stability and effectiveness of the
platform—“the protection of user privacy, platform efficiency, market competition not being
stifled by platforms, security of the digital infrastructure, and also digital finance” [40].

Some other aspects of research are also interesting. For example, A. Hein et al. pay
attention to the study of “Platform ownership”. The authors differentiated mechanisms in
which “digital platforms help suppliers and consumers find each other” and noted that
“decentralized ecosystems of digital platforms” are “driven by “peer-to-peer communities”.
Thus, the authors consider both the ownership of the platform and the mechanisms for
creating its value, as well as the independence of commentators, to be important [47].

T. Thompson et al., in their study based on the study of an ecosystem created in a
single metropolis (Seattle), indicate that the main motives for the creation of ecosystems
to occur under the influence of endogenous rather than exogenous causes are due to the
subject’s desire with over time to a shift from distributed and fragmented activities to a
more coordinated and integrated social order, patterns of more coordinated, integrated
social interactions. They also believe that instrumental state policy is not a motivating
factor. The authors identify 14 stages in the formation of an “entrepreneurial ecosystem” in
which an alliance is created on a socially oriented initiative, which then transforms into
“Social Purpose Corporations (SPCs)”, and then into a commercial structure [48].

In addition to traditionally describing the creating mechanism of the formation of
platform ecosystems (which is based on platform technology (Apple)), there are other
mechanisms—for example, the mechanism of transformation from a socially significant
corporation into a commercial corporation (T. Thompson et al. [48]). The literature also
describes the mechanism for the formation of ecosystems on the initiative of the state [16].
These authors, applying field theory, rightly insist on the prevalence of social relations
in the formation of ecosystems: “We see ecosystems as relational, activity-rich spaces
where actors grapple with conflicts and consensus and with institutional conformity and
distinctive approaches as they strive to establish conventions that can sustain activity
and support their legitimacy. Our research suggests that the nondeliberate act of creating
an ecosystem by engaging in entrepreneurship-linked activities can sow the seeds of
transformative institutional change when new conventions are created to name, serve, and
align local needs. The ongoing task is how to sustain and amplify such conventions such
that they can coexist with and potentially supplant incumbent conventional meanings and
activities” [16,48].

An interesting aspect is studied by M. Kenney and J. Zysman. They analyze the
established and developing environment for education and development of financing for
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the creation of new firms in the United States and believe that the development of open
access software, the expansion of the number of sources of financing (including through the
spread of crowdfunding platforms), and the reduction in the costs of creating startups have
created, since the crisis of 2000 (dot.com), conditions for regime change, when traditional
firms begin to be squeezed out and industrial ecosystems are modified. They also note
that new-format firms are able to sustain losses for a sufficiently long time (“unprofitable
firms can continue to operate and undermine the work of existing operators”). They also
suggest that “These firms may be destroying economic value” and, in some cases, “they
may be destroying social value”. M. Kenney and J. Zysman consider deeper and more
significant manifestations of Moore’s law and the technological opportunities resulting
from the development of cloud computing technologies as an explanation for the reasons
for reducing the cost of creating startups. This means that the infrastructure costs of modern
startups are classified as variable rather than fixed (as they used to be). The essence of this
transformation is that if, earlier, an IT startup had to buy or build the entire IT infrastructure,
now there is the possibility of renting server capacities [49].

However, if, according to M. Kenney and J. Zysman, “Getting started easier than
ever; getting out ever slower”, the time to market dominance has increased and other costs
have increased, but the number of investment vehicles has also increased. Noting the fact
of the formation of a “complex ecosystem of funding organizations and networks”, M.
Kenney and J. Zysman single out “mega-funds” that “formed six ecosystems”: “angel
groups or syndicates”, “super-angels”, “accelerators, of which YCombinator”, digital
crowdfunding platforms (Indiegogo, Kickstarter, AngelsList) and “open-ended mutual
funds and sovereign wealth funds are making massive late-stage investments” [49].

They also note the proliferation of “smaller venture capital firms”, including investing
using cryptocurrencies, but they are not sure about the rise of the trend. In addition to the
above, they boldly conclude that “two basic conditions in a capitalist society—labor and
competition—undergo changes in their activities”. According to the author’s opinion, the
consequences will vary for different types of work, but the current situation is characterized
by the using of “loss-based” “market dominance strategies” that generate “capital gains
without achieving even medium-term market stability”. Therefore, labor “may be seen as a
commodity whose cost should be minimized rather than, but not, as an asset whose value
can contribute to a firm’s long-term competitive advantage and better social outcomes” [49].

The theme of ecosystem development has been widely discussed at the World Eco-
nomic Forum. On its platforms, it was noted that ecosystems are interesting not only as a
new business in the digital space, but also as an addition to “established models” or even
as “full-fledged replacements for them”. The dominance of ecosystems has attracted the
attention of the WEF. Its experts compiled a corresponding report in 2019 [50]. The authors
of the report noted that the composition of the initiators of the creation of platforms is
heterogeneous both in size and in specialization; for some, this is the main activity and,
for others, it is an addition to the main activity. The report reflects the growth rate of
companies whose activities are based on platform technologies. A feature of their business
model is that “unlike the industrial giants of the 20th century, platform companies do not
just create value themselves, they organize the creation of value by external users” so value
itself becomes shared. This makes joint ventures more promising, “going it alone” becomes
“burdensome” (and we would add that it is also risky).

Calling such firms “flipped”, the authors of the report note the priority of the platform
itself compared to its product value. This happens because of the functioning of the
platform, which levels out the naturally declining value of the goods, and the digital
ecosystems themselves increase their power because of the growth of the ecosystem scale
(the effect of power formation was independently considered by the authors in the work [1]).
The boundaries of markets and firms are blurring.

The authors of the manuscript also point out that the reliability of the ecosystem is
given by a diverse composition of subjects using it and united by its (suppliers, innovative
consumers and public administration bodies). Ecosystems keep the interests of the state,
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society and business. Interestingly, the authors of the report see the similarity of the
ecosystem with the organism, which, based on the principles of natural selection, chooses
those directions “where there is more food” [50].

Of interest is another emphasis made by the authors of the article—the study of the
change in the “trust landscape”, which is due to “a fundamental rethinking of institutional
and public governance”. A critical determinant of the future of each ecosystem will be how
effectively corporations can inspire and develop trust in their operations and their product
offerings. The growing need to develop corporate trust will lead to the occurrence of a
“new generation of commercial trust” and mark “the decline of many of the institutions
that came of age during the 20th century managerial revolution”.

The idea of Y. Shi et al. needs to be noted; they propose a “Whirlwind Model of Busi-
ness Ecosystem”, which allows them to define a business ecosystem as “an interdependent
and interactive relationships between a group of diversified business communities and
a business-focused and integrated industrial system, as well as their supporting infras-
tructures”, and in the “linking Business Ecosystem and Natural Ecosystem” they see a
promising direction for “Future Industrialization” [51].

Of particular interest in our study in this manuscript are banking ecosystems. However,
there are few works devoted specifically to banking ecosystems, despite the growth in the
number of such ecosystems and their prospects. Given the importance of studying banking
ecosystems and the prospect of including industrial enterprises in them, the importance of
the article M.T. Okano et al. should be noted. They are exploring issues related to digital
transformation in the manufacturing industry, starting from the premise that the study of
digital transformation is associated with the functioning of two digital technologies—a
digital platform and a digital ecosystem. Differentiating these aspects, they study the
process of digital transformation of manufacturing companies, considering five cases that
differ in the degree and depth of connection of companies in digital reality [52].

Other important aspects of banking ecosystem research are presented in [53]. The
authors of this article, based on the survey, study the impact of digitalization on banking
business models and study how their business models are being transformed (in the UAE).

Analyzing the innovative and technological significance of ecosystems, we highly
appreciate the idea of Thompson, noting that “Digitalization facilitates the exchange of
knowledge” [48].

Equally important are the ideas of P. Torres and P. Godinho. These authors argue
that DEE is a necessary condition for obtaining high-quality products, but their presence
in no way affects the creation of a new business. “Cultural and informal institutions”
and “market conditions”, as well as “networking and support” and “knowledge creation
and dissemination”, have a significant impact on the quality of entrepreneurial activity in
entrepreneurial ecosystems [16].

Moreover, their study showed that “knowledge creation and dissemination” is not
statistically significant for unicorns, although “Digital technologies can facilitate absorbing
knowledge and materializing knowledge spill-overs” [54].

In the context of studying the possibilities that ecosystems, because of the interaction
of participants, create conditions for faster creation of innovations and their accelerated
diffusion, the article of D. Askarany et al. [55] aroused interest. These authors provide
“practical evidence” that shows the emergence and diffusion of new technologies is fa-
cilitated by the development of interconnections between enterprises (the B2B sector) in
their interconnected group. It should be noted that these authors do not insist that such a
relationship is “the only effective approach for introducing new technologies”, but illus-
trate this process by cases; they discriminate between four diffusion channels [55]. Since
ecosystems are shaped primarily by the supply of the B2B sector, the mentioned article is
valuable for this manuscript.

It is debatable whether “ecosystem” and “innovation ecosystem” can be synonymized,
as according to A. Gawer and M.A. Cusumano [32].
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We believe that the occurrence of technological increment is the most important aspect
that determines the prospects for the ecosystem’s development, independent of level and
specialization, which determines the prospects for commercial and social goals. Thus, we
would like to point out the correctness, for example, of P. Torres and P. Godinho, who
noted that “knowledge creation and dissemination seem to be more important to boost
digitally-enabled unicorns rather than unicorns in general” [16].

In the end of the Introduction, the importance of the few remarks of M.G. Jacobides et al.
point out: the “Ecosystem is a term used inconsistently”; it is possible that “ecosystems
become a new way of organizing, distinct from both firms and markets, supply chains and
hierarchies”, and the “ecosystems respond to a completely new logic that has occurred
as a result of major shifts” [50]. Believing that ecosystems became an independent busi-
ness model, possessing their own strategies, and have prospects, we cannot exclude the
fact that after some time we will be forced to agree with M. Kenney and J. Zysman that
ecosystems are nothing more than “entrepreneurial experiments” [49]. However, at the
same time, the authors propose the thesis that ecosystems are a special business model,
formed through the influence of digitalization processes, changing forms of competition
and increasing digital literacy and digital susceptibility of consumers. This business model
can be implemented by the subjects as an independent one or implemented in parallel with
the main type of activity of modern companies. Ecosystem business models contain a great
potential for innovation generated by the technological increment generated in ecosys-
tems because of the exchange of new knowledge and technological exchange that occurs
naturally between ecosystem participants. The observations we made earlier suggested
that banks have less understanding of this possibility than non-bank structures (those
that are leaders in the field of building ecosystems and are included in the analysis in the
“Results” section). This opportunity is very significant for banks, since the owning of an
ecosystem allows bank to improve their economic effectiveness (including the effectiveness
of communication provided by reputational factors), although the formation of ecosystems
requires investment. In general, for everyone, but especially for banks, the possibilities of
technological increment because of the exchange of information and technologies between
participants (in fact, this is a technological transfer carried out by ecosystem participants
operating within this ecosystem) turn out to be latent, although they have great potential,
since banks have effective investment vehicles that can enable them to synthesize and
commercialize the innovative technologies generated in their ecosystem. Identification
of this opportunity and the awareness of banks of this prospect will create conditions for
increasing their competitiveness sustainability in the development of their investment
activities and opportunities for diversification of their activities. Such mechanisms, we
believe, are inherent in an ecosystem (it is an ecosystem’s nature) business models and
must be used. Therefore, to show how successful projects for the formation of ecosystems
affect the activities of banks, we compared the results of the activities of the ecosystems of
banks and ecosystems of non-banking structures (orchestrating ecosystems) and proposed
a model of technological increment of banking ecosystems, which is reflected in the Results
and Conclusion. The Discussion section provides some discussion points that provide a
basis for the development of research in this area and the application of these ideas in the
practice of banking.

2. Materials and Methods

The methodological basis of the study was made up of methods of comparative analy-
sis, statistical methods, methods of regression and cluster analysis and data envelopment
analysis (DEA), which allow evaluating and comparing economic agents by several input
and output parameters and studying the hypothesis of constant returns to scale, as well as
the modeling method, based on dynamic programming approaches.

It should be noted that cluster analysis has been used in works on ecosystems before. A
work has already been mentioned above in which this type of analysis has been successfully
applied [43].



J. Open Innov. Technol. Mark. Complex. 2022, 8, 143 10 of 33

Based on the above points, the authors put forward the thesis that ecosystems are
business models, since they can be implemented as independent activities of individual
companies, which can be implemented by them in parallel or in combination. The ecosys-
tem as a business model is characterized by unique approaches to the coordination of
activities and the development of partnerships based on the formation of a unique cumula-
tive offer to the market of value. With functioning based on open-source or closed-source
platform technologies, the ecosystem as a business model simultaneously implements the
development of both horizontal and vertical market relationships, forming private market
mechanisms in its microenvironment and integrating various forms of cooperation (not
managing, but orchestrating based on contractual relations the activities of the participants
(complementarities)).

In general, the formation of an ecosystem business model can be explained from the
standpoint of the concept of J.A. Schumpeter: an ecosystem is formed because of a special
combination of technical, communication and financial technologies, which together form
a special case of organizing entrepreneurial activity and can be considered as an innovative
form of entrepreneurship.

The peculiarity of ecosystem business models is that they “create value in two changes”
(as noted by McKinsey experts). Values that are significant for both b-2-c and b-2-b. Sharing
this point of the view, we consider it necessary to add to it the following idea: we believe
that the interpretation of the value created by ecosystems is also determined by the fact that
because of them, new consumer, managerial and trade information, including educational
innovative and technological values, are formed, regardless of whether this beneficiary of
the created value is a representative of the b-2-b or b-2-c market.

All this makes ecosystems a promising business model. Banks are estimating the
prospects of ecosystems more and more. This is supported by McKinsey data: more
than half (60%) of the US banks they surveyed said they were likely to form their own
ecosystem or join an existing ecosystem [56–58]. This research shows the interest of banks
in the formation of ecosystems, but it does not guarantee that banks already intend to seek
ecosystem opportunities to increase their innovation and technological potential.

According to McKinsey, which also draws on data from S&P Capital IQ, six of the top
companies by market capitalization own the ecosystem. These are: Amazon—$1.572 billion,
Microsoft—$1.614 billion, Alphabet—$999 billion, Facebook—$712 billon, Alibaba—$709 billion.
The seventh company that does not have an ecosystem, but at the same time is the second in
the world in terms of capitalization—Saudi Aramco—$1.855 billion (as of 5 August 2020) and
does not represent an ecosystem model.

According to data of the global analytical agencies [59–83]: in 2021, the market value of
the same companies was: Amazon—$1558 billion, Alphabet—$1,392,561.8 M ($1.393 billion),
Microsoft—$1,778,228.6 billion, Facebook—$838,724.2 billion and Alibaba—$580.88 billion [84].

According to McKinsey experts, in the modern world, the Ecosystem 1.0 model is being
replaced by the Ecosystem 2.0 model, which characterizes the growth of the ecosystem’s
power. They formulated several principles of Ecosystem 2.0: “use strategic mapping
to identify control points” and “lock in impact with precise capabilities”; designing an
organization for many participants [56].

In the literature, the composition of the ecosystem has been widely studied, which
includes orchestrators, complementarities and consumers. Complementing the differentia-
tion of the ecosystems mentioned in the introduction (digital/non-digital, open/closed,
platform), we note that they are also divided into solution and transaction ecosystems (and
their hybrids). In our opinion, differentiation is also relevant depending on the composition
of participants (b-2-b, b-2-b, b-2-g and ecosystems created by states), as well as industrial,
trade, universal, financial and, finally, banking ecosystems.

Focusing on the study of banking ecosystems, we note that a bank can become an
ecosystem initiator (orchestrator) or become a complementarity. However, we believe that
the first option is more promising. In this manuscript, we present the results of a study of the
growth opportunities for the innovative potential of banks and their economic efficiency.
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However, despite the competence and availability of investment and information
and communication capabilities of banks, including those related to their possession of
information about customers, not all banks have yet realized the benefits of creating
ecosystems. Note that in the 2019 WEF report, banking and financial institutions were not
included at all among the leading ecosystems orchestrators [50].

Having identified this situation, we decided, first, to study the feasibility of forming
ecosystems by banks and received conclusions that serve as proof of the prospects. This
thesis is explained by the fact that ecosystems as business models have just begun to
develop and the triumph of this business model can be announced no earlier than in five
years. Second, we explored the possibility of additional benefits for realizing the interests
of banking ecosystems and got an optimistic result, which, it should be noted, also has a
universal character.

Quite rarely, experts still speak out about banking ecosystems. For example, according
to Finextra Research experts, banks receive a few benefits from the implementation of
banking ecosystems [85]; this information is added in [86]. They point out that banks, by
forming ecosystems, create significant advantages for themselves, which consist of the
fact that the level of consumer confidence in banks is higher than in other financial institu-
tions; banks have great information capabilities (client base) and financial opportunities to
maximize the expansion of the product portfolio, the necessary infrastructure.

However, according to the same source, the development of ecosystems by banks
can be narrowed down because of the presence of problems, which include the difficulty
of reorienting the product offering system because of the functioning historical lines, the
difficulties associated with the need to restructure the banking culture, the difficulties that
are due to the inflexibility of the regulatory framework for the development and marketing
of banking products. However, at the same time, compared to other fintech organizations,
banks have more opportunities, competencies and consumer confidence [86].

Despite all the advantages, the banking business has not yet fully realized the im-
portance of creating its own ecosystems, but some banks have realized the totality of
opportunities that ecosystem orchestration gives them, and as they understand the signifi-
cance of this process and start organizing this process banks are drawn into this process
and see it has great prospects.

Noting how fast and with what a high growth rate, the activity of individual banks
is increasing in the creating of their own ecosystems and the fact that such ecosystems
have a high degree of competitiveness, even in comparison with ecosystems formed by
non-banking structures, we ventured to suggest that despite the need to bear numerous
costs for the creation of ecosystems, their functioning brings significant progress to banking
structures, which is expressed in the growth of profits and revenues, an increase in assets,
even in the medium term, and in the long term creates conditions for sustainable profit
growth through the development of its ecosystem and increasing its competitiveness and
growth of sales markets in the long run.

Evidence of the fact that it is profitable for banks to form ecosystems is, for example, the
statement of Sberbank, which, having carried out 1 million technological implementations
and changes in 2021, including those aimed at forming an ecosystem, achieved “30% growth
in the financial sector and triple growth in non-financial business”, and thanks to the use of
artificial intelligence technology was able to get RUB 205 billion (USD 2,722,195,000). In
total, this bank manages more than 40 companies and supports more than 20 offline mobile
applications within its digital ecosystem [86].

At the same time, those banks that have not yet mastered the ecosystem business
model show significantly lower efficiency, despite that those banks that build ecosystems
incur additional costs for the formation and maintenance of ecosystems. However, it is
precisely ecosystems that create new sources of income and conditions for banks to increase
their efficiency.

To do this, at the first stage of the study, we began to study how many banking
ecosystems are functioning today. It turned out that the statistical data that allow us to
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correctly compare the necessary indicators have not yet been formed. The only source that
allows you to identify banks that form ecosystems has become a completely authoritative
source [87–89]. It highlights several financial ecosystems: Citi, Standard Chartered, Wells
Fargo, mBank, Ant Financial, Rakuten, Facebook Pay, Amazon Pay, Google Pay, Android
Pay, WeChat Pay and Goldman Sachs.

Agreeing with this grouping, at the second stage of the study, actions were taken to
search for information in the banking statements among the selected banking structures on
the financial performance of their activities. Here we encountered information limitations,
which showed that comparable data for at least a five-year period at this stage in the
development of banking ecosystems and an ecosystem business model cannot yet be found
at all.

Based on these possibilities and limitations, as well as following the goal of obtaining a
reliable result (proof or refutation of the hypothesis of this manuscript), we decided on the
composition of the sample, which included banks having their ecosystems and companies
that have ecosystems but are not banks (and in which they are subjected to comparative
and other types of analysis). At the same time, we note that at one of first stage of our
general analysis, we also studied and compared similar performance indicators of banks
(having ecosystems) and other banks that do not have ecosystems and found that for the
most part the latter (those banks that do not use this business model) do not show such
efficiency as the first ones. The results of the study are given in the Section “Results”.

3. Results

Based on the results present in Section 2 above, Materials and Methods, we have set
a task—to compare four banks that have their own ecosystems and four companies that
have financial ecosystems and are “ecosystem leaders” but are not banks (Facebook Pay
(Facebook) (Meta Platforms), Amazon Pay (Amazon), Google Pay (Alphabet), Android Pay
(Apple), subject to their renaming). We conducted three types of studies (cluster analysis,
regression analysis and applied the DEA method). At the same time, the one of the authors
who carried out the calculations did not have information about the composition of the
studied elements, which were only numbered. This made it possible to obtain unbiased
conclusions that confirmed the hypothesis that banking ecosystems are progressive for
banks and contribute to the growth of competitiveness and profitability of banks both in
the industry and in the cross-industry context. For other limitations and assumptions, see
the Discussion section.

For this reason, the sampling consists of:

1. Facebook Pay (Facebook) (Meta Platforms),
2. Amazon Pay (Amazon),
3. Google Pay (Alphabet),
4. Android Pay (Apple),
5. Citi (Citigroup),
6. Wells Fargo,
7. Goldman Sachs,
8. Sberbank.

For the analysis, eight DMU (decision making units) were considered, represented
by banks and firms that have been creating and developing their ecosystems for more
than 5 years. The analysis was carried out based on statistical data for 2015–2021 for three
indicators: revenues, profits and assets (USD millions). The data sources are: [59–83,90–124].
This data is presented in the Appendix A (Tables A1 and A2). The main purpose of the
study is to identify trends in the development of DMU, identifying the most effective DMU.
In addition, it needs to be noted that the study of these indicators is determined both by
the relevance and comparability of the data, and by the fact that we tried not to violate
the rights of anyone’s interests (commercial and reputational) and therefore used data
from open sources. At the same time, a comparative analysis (which was carried out at
the preliminary research stage) allowed us to rely on the study of these indicators, when
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we compared the indicators of banks that form or do not form ecosystems and revealed
a stable relationship between the fact that the economic efficiency of banks working on
the formation of ecosystems is growing faster than those that did not choose in favor of
the formation of ecosystems. Moreover, the financial performance of these (ecosystem-
building) banks is growing at a faster rate than other banks (and not only because of the
size and influence of these banks) and is comparable to the growth rate of the ecosystem
building leaders. Thus, the relationship between the financial performance of banks and
the presence of their ecosystems exists, but, at the same time, there are also underestimated
latent opportunities for the development of banking ecosystems.

General trends in indicators for the considered DMUs for 7 years are shown in Figure 1.
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As can be seen from Figure 1, the largest difference between DMUs is observed in
terms of the assets indicator. The four leading DMUs in this indicator in 2015 are banks
(DMU 5, 6, 7, 8) that retain their positions in this indicator after 6 years. In general, growth
is seen across all DMUs in 2021. However, the largest relative increase in all indicators is
observed for DMU 1, 2, 3 and 4.

The dynamics of differences in the trends of DMU activity can also be observed in
Figure 2, showing the three-dimensional coordinate space of all three and the position of
the DMU in it. Figure 1a is based on data from 2015, although it reflects general trends
across all DMUs from 2015 to 2019. Since the considered DMUs are represented by two
types of primary activities, it was interesting to study the characters of the development
of ecosystems of various DMUs: whether the nature of ecosystem development depends
on the primary activities of the DMU. For that purpose, the authors conducted a cluster
analysis of all DMUs for each year.

As can be seen from Figure 3, the hierarchical clustering method implemented in
the “STATISTICA” software environment divided eight DMUs into at least two clusters.
In 2015–2019, the first cluster consists of five and six DMUs (banks), the second cluster
includes all other DMUs.
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Moreover, the second cluster is heterogeneous. It is explicitly allocated to separate
subclusters (or lower-level clusters) of DMU 7 (bank). Another subcluster is DMUs 4 and
8. The other DMUs, 1, 2 and 3, are very similar in the character of the ratios of clustering
indicators. Further, in 2020, we see an increase in the distance to the center of the second
cluster at DMU 8 (Banks), and DMU 7 moved to the first cluster (and replaced DMU 6
there): that is, these three DMUs have significant changes in activity, which changes the
ratio of clustering criteria. In 2021, DMU 6 returns to cluster 1. At trust level 1E6, 3 clusters
can be allocated. But considering that there are only 8 DMUs under consideration, we do
not see the feasibility of allocating a third cluster consisting of two DMUs.

Thus, in 2021, the first cluster already consists of three DMUs-5, 6 and 7, repre-sented
by banks and the second cluster, consisting of DMUs 1, 2, 3, 4 and 8, consisting of DMUs of
the IT sector and one bank (DMU 8). We can also observe that the trends in the development
of the banking and IT sectors are different, and over time this difference is increasing—
DMU 7 bank has moved to the first cluster. The exception is DMU 8 provided by the bank.
This exception is explained by the fact that this bank has made serious progress in creating
an ecosystem and is the orchestrator of one of the largest ecosystems in its country.

Due to the lack of semantic load, we did not specify the average cluster distances and
the average indicators of each firm in the cluster.

Next, using regression analysis, we will consider the characteristics of the activity
processes in each cluster separately.

The resulting measure of performance for commercial enterprises is profit. Based
on the available data on the three performance indicators, we constructed a regression
equation for each cluster. Due to the small number of DMUs in each cluster, we will
consider data for all 7 years in one equation.

Data for cluster 1 for regression analysis are presented in Table A1 (Appendix A).
Before regression analysis, the data were checked for multicollinearity. The pairwise

correlation coefficient for the independent variables revenues and assets for cluster 1 data
was 0.63 (with the assumed collinearity equal to or greater than 0.7). Based on these data,
the authors excluded the multicollinearity of independent factors in the data used.

The study used the single variable normal linear regression model and multiple normal
linear regression model.

As a result of the analysis, we obtained a multiple regression equation (model 1),
showing a high correlation coefficient between the dependent variable profits and the
independent variables revenues and assets, while the hypothesis 1 itself about the quality
of the model indicates its inadequacy to the experimental data; i.e., it cannot be used for
further research and forecasting of processes according to the selected characteristics.

a = Y = x1, x = x2, x3 (1)

Y = 350.41 + 0.31624 × x2 − 0.00381 × x3, (2)

Multiple correlation coefficient R = 0.40748, R2 = 0.16604.
Standard error 7724.7, F = 1.1946, Significance F = 0.33709.

Hypothesis for model 1. Regression model 1 is inadequate for the experimental data.

Next, we considered one-factor relationships between the studied variables. The
results of the analysis are presented in Table 1.
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Table 1. Results of the regression analysis of the variables of the first cluster *.

N Type of Model Regression Equation
Multiple

Correlation
Coefficient R

R2 Standard Error F Significance F

Variables Y = x1, x = x2

2 Linear
Y = a0 + a1 × x Y = −2489 + 0.2602 × x2 0.39426 0.15544 7468.7 2.393 0.03098

3 Exhibitor
Y = EXP(a0 + a1 × x) Y = EXP(2.1777 + 9.8724 × 10−5 × x2) 0.74548 0.55575 17,583 16.263 9.0094× 10−7

4 Exhibitor
Y = EXP(a0 + a1 × x + a2 × xˆ2)

Y = EXP(0.15867 + 0.00026535 × x2 − 1.7786 ×
10−9 × (x2)2) 0.99 0.9801 0.38822 295.57 7.0566 × 10−7

Variables: Y = x1, x = x3,

5 Exhibitor
Y = EXP(a0 + a1/x) Y = EXP(3.3181 + 1.132 × 107/x3) 0.70032 0.49045 1.2419 × 105 12.513 2.4994 × 10−6

6 Exhibitor
Y = EXP(a0 + a1 × x + a2 × xˆ2)

Y = EXP(0.097371 + 1.0913 × 10−5 × x3 − 2.9955
× 10−12 × (x3)2) 0.9944 0.98882 0.29099 530.76 3.6504 × 10−7

Variables Y = x2, X = x3,

7 Linear
Y = a0 + a1 × x Y = 24448 + 0.027527 × x3 0.63638 0.40498 9499.3 8.8478 1.3418 × 10−5

8 Polynomial
Y = sum{ai × xˆi}

Y = 2.0453 × 10−5 – 0.40891 × x3 + 3.1563 × 10−7

× (x3)2 − 7.0841 × 10−14 × (x3)3 0.8748 0.76527 6486.1 11.954 0.001184

9 Exhibitor
Y = EXP(a0 + a1/x) Y = EXP(11.995 − 1.4049 × 106/x3) 0.74782 0.55924 8770.6 16.494 8.5766 × 10−7

* Source: calculated by the authors based on the data Appendix A, Table A1.
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Table 1 includes equations with the highest correlation coefficient and a confirmed
hypothesis about the adequacy of the model for the experimental data. The strongest
relationship between the variables is exponential. The most significant (strong) linear
relationship is between the variables x2 and x3, which indicates a direct dependence of the
DMU revenue of the first cluster on the size of fixed assets.

We have built a regression equation for the second cluster.
Data for cluster 2 for regression analysis are presented in Table A2 (Appendix A).
Before regression analysis, the data were checked for multicollinearity. The pairwise

correlation coefficient for the independent variables revenues and assets for cluster 2 data
was −0.201 (with the assumed collinearity equal to or greater than 0.7). Based on these
data, the authors excluded the multicollinearity of independent factors in the data used.

As a result of the analysis, a multiple regression equation (model 10) was obtained,
showing a high correlation coefficient (0.6499) between the dependent variable profits and
the independent variables revenues and assets, while hypothesis 1 about the quality of the
model indicates its adequacy to experimental data; i.e., it can be used for further research
and forecasting of processes according to selected characteristics.

Y = x1, x = x2, x3, (3)

Y = 13666 + 0.082971 × x2 − 0.00042228 × x3, (4)

Multiple correlation coefficient R = 0.42034, R2 = 0.17668.
Standard error = 20,590, F = 4.0774, Significance F = 0.024225.

Hypothesis for model 10. Regression model 10 is adequate for the experimental data.

Next, we consider one-factor relationships between the variables under study. The
results of the analysis (models 11–18) are presented in Table 2.

The analysis made it possible to single out two clusters demonstrating two different
trends in the development of ecosystems, described by different models of regression
dependencies.

The next step of the study is to determine the most effective DMUs. The amount
of profit is certainly an indicator of the resulting activity of any DMU and allows you
to directly compare the absolute and relative amount of profit between the considered
DMUs, but considering that all DMUs have different indicators characterizing costs, assets,
working staff, etc., parametric analysis does not always give a clear and (or) exhaustive
answer about the effectiveness of the DMU. In this regard, we used data envelopment
analysis (DEA), which allows us to evaluate and compare economic agents according to
several input and output parameters, in which the measure of efficiency is a coefficient that
reflects the ratio of outputs to inputs (results to resources); i.e., DEA solves the optimum
problem: minimizing inputs for actual outputs (input-oriented model) or maximizing
outputs given actual inputs (output-oriented model).

This type of analysis does not require the user to specify weights for input and
output parameters, does not require the formulation and testing of hypotheses about
functional relationships between input and output parameters (unlike regression analysis).
In addition, DEA allows us to consider the hypothesis of constant returns to scale (if we
change the input parameters proportionally, then the output parameters will change in
the same proportion—absolute efficiency) and the hypothesis of variable returns to scale
(current or limited efficiency, when we understand that in the system has limitations, for
example, technological ones, and a constant proportional change in the output parameters
is technologically or physically impossible).
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Table 2. Results of the regression analysis of the variables of the second cluster *.

N Type of Model Regression Equation
Multiple

Correlation
Coefficient R

R2 Standard Error F Significance F

Variables Y = x1, x = x2

11 Polynomial
Y = cyммa{ai × xˆi}

Y = 24621 − 0.32301 × x2 + 2.6474 × 10−6 ×
(x2)2 − 4.22 × 10−12 × (x2)3 0.55219 0.30492 19,173 5.4103 0.0037569

12 Exhibitor
Y = EXP(a0 + a1/x) Y = EXP(9.5623 + 656.99/x2) 0.50404 0.25406 19,322 13.283 1.7125 × 10−8

13 Logistics
Y = a0+ a1/(1+ a2 × EXP(a3 × x))

Y = 16,133+ 27,310/(1+ 3.2855 × EXP(−6.8381 ×
10−5 × x2)) 0.53327 0.28438 19,454 4.901 0.0059733

Variables: Y = x1, x = x3,

14 Optimum
Y = x/(a0 + a1 × x + a2 × xˆ2)

Y = x3/(30.093 − 0.00010791 × x3 + 2.3963 ×
10−10 × (x3)2) 0.77555 0.60147 30.806 28.675 2.7832 × 10−6

15 Hyperbole
Y = 1/(a0 + a1 × LN(x)) Y = 1/(0.0015978 − 0.00011702 × LN( x3)) 0.71401 0.50981 1.6487× 105 40.561 7.0695 × 10−11

Variables Y = x2, X = x3,

16 Polynomial
Y = sum{ai × xˆi}

Y = −0.010909 + 1.4563 × x3 −3.5196 × 10−6 ×
(x3)2 + 2.1342 × 10−12 × (x3)3 0.49325 0.2433 1.0111× 105 3.9654 0.014971

17 Polynomial
Y = sum{ai × xˆi}

Y = −80034 + 2.1739 × x3 −5.2163 × 10−6 ×
(x3)2 + 3.2285 × 10−12 × (x3)3 0.5544 0.30736 96,731 5.4728 0.0035553

18 Parabola
Y = a0 + a1 × x + a2 × xˆ2

Y = 0.02183 + 0.77783 × x3 − 8.3032 × 10−7

× (x3)2) 0.46423 0.21551 1.0158 × 105 5.2197 0.0099489

* Source: calculated by the authors based on the data Appendix A, Table A2.
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Given the limited dataset, assets were considered as inputs, and revenues and profits
were considered as outputs.

Considering that the pandemic has adjusted, it is futile to consider the “pre-pandemic
period”: a return to the past within the framework of current realities is impossible. There-
fore, the analysis was carried out according to the data of 2019–2021. In addition, we
considered a model with variable economies of scale, realizing that a direct proportional
increase in revenue and profit from an increase in assets is unlikely because revenue and
profits are more dependent on DMU costs, number of employees and quality of work than
on the size of assets.

The DEA results are presented in Table 3. The analysis was performed in the MaxDEA
8Basic software environment (http://maxdea.com/ accessed on 1 January 2022).

Table 3. Envelopment model output-oriented results for 2019–2021 *.

DMU Score Benchmark
Projection

(Assets, USD
Million)

Projection
(Revenues, USD

Million)

Projection
(Profits, USD

Million)

1 2 3 4 5 6

2019

DMU 1 1 DMU 1 (1.00) 133,376 70,697 18,485

DMU 2 1 DMU 2 (1.00) 225,248 280,522 11,588

DMU 3 0.789153954
DMU 1 (0.293020);
DMU 2 (0.022043);
DMU 4 (0.684936)

275,909 205,101.9313 43,518.75809

DMU 4 1 DMU 4 (1.00) 338,516 260,174 55,256

DMU 5 0.351111192 DMU 4 (1.00) 338,516 260,174 55,256

DMU 6 0.356793832 DMU 4 (1.00) 338,516 260,174 55,256

DMU 7 0.153214131 DMU 4 (1.00) 338,516 260,174 55,256

DMU 8 0.247013899 DMU 4 (1.00) 338,516 260,174 55,256

2020

DMU 1 1 DMU 1 (1.00) 159,316 85,965 29,146

DMU 2 1 DMU 2 (1.00) 321,195 386,064 21,331

DMU 3 0.71049621
DMU 1 (0.025958);

319,616 269,620.5732 56,677.29026
DMU 4 (0.974042)

DMU 4 1 DMU 4 (1.00) 323,888 274,515 57,411

DMU 5 0.393427
DMU 2 (0.329096);

323,001.745 311,225.3058 45,537.22405
DMU 4 (0.670904)

DMU 6 0.48647568
DMU 1 (0.777766);

195,291 152,657.1684 27,409.24214
DMU 2 (0.222234)

DMU 7 0,16475937 DMU 4 (1.00) 323,888 274,515 57,411

DMU 8 0,16475937 DMU 4 (1.00) 323,888 274,515 57,411

http://maxdea.com/
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Table 3. Cont.

DMU Score Benchmark
Projection

(Assets, USD
Million)

Projection
(Revenues, USD

Million)

Projection
(Profits, USD

Million)

2021

DMU 1 1 DMU 1 (1.00) 165,987 117,929 39,370

DMU 2 1 DMU 2 (1.00) 420,549 469,822 33,364

DMU 3 1 DMU 3 (1.00); 359,268 257,637 76,033

DMU 4 1 DMU 4 (1.00) 351,002 365,817 94,680

DMU 5 0.28680338
DMU 3 (0.972798);

359,043.1451 250,638.612 76,540.24275
DMU 4 (0.027202)

DMU 6 0.29201822 DMU 2 (0.052569)
DMU 3 (0.947431); 362,489.5069 268,791.4435 73,789.9152

DMU 7 0.27385537
DMU 3 (0.840802);

357,952.0734 216,680.0703 79,001.55582
DMU 4 (0.159198)

DMU 8 0.20139187 DMU 3 (0.593494)
DMU 4 (0.406506) 355,907.8253 153,054.8407 83,613.10867

* Source: calculated by the authors based on the data Appendix A, Tables A1 and A2.

According to the conditions for conducting DEA, DMUs with an efficiency coefficient
(Score) equal to 1 are effective. This coefficient shows the optimal ratio of inputs (costs) and
outputs (results).

It can be concluded that there is a large efficiency gap (column 2) between DMUs 1,
2, 3 and 4 and DMUs 5, 6, 7 and 8, which once again confirms the different performance
characteristics of these DMU groups. Unfortunately, we cannot analyze the efficiency
within these groups or previously calculated clusters, since for adequate DEA results, the
number of DMUs considered should be at least two times greater than the number of input
and output parameters.

Table 3 shows that during 2019–2021, DMUs 1, 2 and 4 are effective (Score = 1); i.e.,
of all the DMUs under consideration, these three have the optimal ratio of inputs and
outputs. Considering that we were looking at an exit-oriented model, the DMU data
has the maximum exits (revenues and profits) at actual entries. Therefore, the MaxDEA
8Basic program recommended as the Benchmark the same values (themselves), and the
parameters of the same DMUs as the design optimal parameters.

Of the other DMUs considered, DMU 3 is closest to the efficiency, with its score ranging
from 0.789153954 in 2019 to 1.0 in 2021. As a benchmark, the program suggests focusing on
DMU 1, 2 and 4 in 2019 and 2020 in different proportions. Recommendations for input and
output parameters were obtained by calculation of optimal parameters:

- In 2019, assets—USD 275,909 million, revenues—USD 205,101.9313 million and
profits—USD 43,518.75809 million;

- In 2020, assets—USD 319,616 million, revenues—USD 269,620.5732 million and
profits—USD 56,677.29026 million;

When these ratios are reached (in the corresponding year), DMU 3 will reach the
efficiency frontier (in the corresponding year). For DMU 5, 6, 7 and 8 in 2019, DMU 4 and
all its corresponding indicators are offered as a benchmark. In 2020 and 2021, DMU 1,
2 and 4 are offered as a benchmark in various proportions for each analyzed DMU. The
calculated optimal values for assets, revenues and profits are presented in Table 3 in the
corresponding cells.
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Starting the next stage of the study in this manuscript, aimed at studying the latent
opportunities and benefits arising from the creation and functioning of banking ecosystems,
it should be noted that given that ecosystems also have their own (original and exclusive)
financial technologies characterized by a special organization of financial flows that form
ecosystems, which together with a special combination of financial technologies used in
the ecosystem that are, among other things, the know-how of the system, and noting
the high potential for the development of financial technologies in the system, as well as
the advanced nature of precisely those ecosystems organized by financial and banking
institutions (organizations) when they play the role of an orchestrator, in this article we
pay special attention to the innovative and technological potential of ecosystem business
models, which, like other technologies, are among those possessed by participants, or
which are used use in this ecosystem, and create conditions for the development of the
ecosystems themselves, increasing their economic potential and creating conditions for the
innovative development of the whole economy.

In the process of the functioning of the ecosystem, its technological capacity increases
because of the regularly carried out technological exchange between the participants of the
ecosystem. This process is predetermined by the nature of ecosystems and can be described
as follows: the growth of technology makes it possible to increase the productivity of
the ecosystem, its scale (see also [1]) and the scale of the tasks it solves and leads to an
increase in competitiveness, profitability, market capitalization, market share, the number
of transactions and consumer loyalty.

We have described the content of the process of technological increment of the banking
ecosystem as follows.

Let there be some bank ecosystem—S, which because of the growth of technologies
and participants is transformed from the state (system status) S0 to the state (system status)
Sn in time, remaining in the same ecosystem. In this ecosystem (as a system). There are m
participants (A) (A1, A2, . . . , Am) at the zero stage S0.

S0 ∪ {A1, A2, . . . , Am}, (5)

Each of these is the owner of a certain number of technologies, but for simplicity at this
stage we will assume that the number of technologies (t) for all participants is the same (l):

T ∈ A,

Specifying that each agent Am owns a certain number of technologies:

TA1 ∈ A1

TA2 ∈ A2

. . .
TAm ∈ Am,

or: {
tA1
1 , tA1

2 , . . . tA1
l

}
∈ A1,{

tA2
1 , tA2

2 , . . . tA2
l

}
∈ A2,

. . . {
tAm
1 , tAm

2 , . . . tAm
l

}
∈ Am, (6)

That is, each A belongs to a certain technological set (combination) T.
Each A is characterized by a certain performance of technologies that allows you to

perform your tasks in the best possible way. It can be a measure of profitability, the ability
to handle consumer requests. In general, this is the technological capacity of this partner
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organization (A), which plays the role of a subsystem in shaping the overall capacity (or
productivity) of the entire ecosystem—S0.

If individually each of the partners (Am) has own productivity:

yA1
0 = f

(
tA1
1 , tA1

2 , . . . , tA1
l

)
,

yA2
0 = f

(
tA2
1 , tA2

2 , . . . , tA2
l

)
,

. . .
yAm

0 = f
(

tAm
1 , tAm

2 , . . . , tAm
l

)
, (7)

However, functioning within the same ecosystem, each of the participants acquires
new technologies that he receives from borrowing from other partners. Consider three
stages (iterations).

The first of them is when the technology exchange did not take place and the bank
ecosystem S did not change technologically. This period will be considered stage 0. Its con-
tent is discussed above, but the system operation function S (productivity (bank ecosystem))
will look like this:

Y0 = F0

(
TA1

0 , TA2
0 , . . . , TAm

0

)
, (8)

The system owns as much technology as before: technological growth has not occurred.{
TA1 , TA2 , . . . , TAm

}
∈ S0 (9)

Let the technology exchange take place at stage I, when each participant of this bank
ecosystem exchanged at least one technology by acquiring another. Then each of the
participants already has one technology more, that is, (l + 1):{

tA1
1 , tA1

2 , . . . tA1
l , tA1

l+1

}
∈ AI

1,{
tA2
1 , tA2

2 , . . . tA2
l , tA2

l+1

}
∈ AI

2,

. . . {
tAm
1 , tAm

2 , . . . tAm
l , tAm

l+1

}
∈ AI

m (10)

Then in stage I, separately, each of the partners (Am) has another individual productivity:

yI
A1

= f
(

tA1
1 , tA1

2 , . . . , tA1
l , . . . , tA1

l+1

)
,

yI
A2

= f
(

tA2
1 , tA2

2 , . . . , tA2
l , . . . , tA2

l+1

)
,

yI
Am

= f
(

tAm
1 , tAm

2 , . . . , tAm
l , . . . , tAm

l+1

)
, (11)

In stage I, the system operation function of the entire bank ecosystem S and its new
state SI will look like this:

YI = FI

(
TA1

I , TA2
I , . . . , TAm

I

)
, (12)

As well as:
YI > Y0. (13)

That is, the potential of the system has increased.
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The S0 system was transformed into the SI system by the number of technologies
it owns: {

TA1 , TA2 , . . . , TAm , . . . , TAm′
}
∈ SI , (14)

where m′ is the set of technologies that the partners received as a result of the exchange.
However, the structure of the bank ecosystem remains the same:

SI ∪ {A1, A2, . . . , Am}, (15)

That is, the bank ecosystem has changed partially.

SI ≈ S0 (16)

Suppose that at stage II a new participant (m + 1) is included in the bank ecosystem,
the number of which will grow to some finite number (v), at some stage there will be a
withdrawal of some technology tz, which also participates in the exchange of technologies
and the number of technological exchanges will increase by k (i.e.,), and is formed by one
new technology and each of the participants of bank ecosystem as a result of adaptation to
the production conditions of each of the individual participants, as new technologies (l′),
expressed as derivatives, then:{

tA1
1 , tA1

2 , . . . tA1
l , tA1

l+1 , tA1
l′ , . . . tA1

k

}
∈ AI I

1 ,{
tA2
1 , tA2

2 , . . . tA2
l , tA2

l+1, tA2
l′ , tA2

k

}
∈ AI I

2 ,

. . . {
tAm
1 , tAm

2 , . . . tAm
l , tAm

l+1, tAm
l′′ , tAm

k

}
∈ AI I

m ,{
tAm+1
1 , tAm+1

2 , . . . tAm+1
l , tAm+1

l+k , tAm+1

l′

}
∈ AI I

m+1. (17)

Then in stage II, the individual performance of each of the partners (Am+1) is deter-
mined by the functions:

yI I
A1

= f
(

tA1
1 , tA1

2 , . . . , tA1
l , . . . , tA1

l+1, tA1
l+1 , tA1

l′ , . . . tA1
k

)
,

yI I
A2

= f
(

tA2
1 , tA2

2 , . . . , tA2
l , . . . , tA2

l+1, tA2
l+1 , tA2

l′ , . . . tA2
k

)
,

. . .
yI I

Am
= f

(
tAm
1 , tAm

2 , . . . , tAm
l , . . . , tAm

l+1 , tAm
l′ , . . . tAm

k

)
yI I

Am+1
= f

(
tAm+1
1 , tAm+1

2 , . . . , tAm+1
l , . . . , tAm+1

l+k , tAm+1
l′

)
, (18)

It goes without saying that in reality:

tA1
1 6= tA2

1 6= tAm
1 6= tAm+1

1 6= tAm+v
1 ; (19)

tA1
2 6= tA2

2 6= tAm
2 6= tAm+1

2 6= tAm+v
2 ; (20)

tA1
l 6= tA2

l 6= tAm
l 6= tAm+1

l 6= tAm+v
1 ; (21)

tA1
l′ 6= tA2

l′ 6= tAm
l′ 6= tAm+1

l′ 6= tAm+v
l′ (22)

However:
tA1
l
∼= tA2

l
∼= tAm

l
∼= tAm+1

l
∼= tAm+v

l ; (23)

tA1
l+k
∼= tA2

l+k
∼= tAm

l+k
∼= tAm+1

l+k
∼= tAm+v

l+k , (24)
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Then:
YI I = F0

(
TA1

I I , TA2
I I , . . . , TAm

I I , TAm+1
I I , . . . , TAm+v

I I

)
, (25)

However:
YII > YI., (26)

YII >> Y0. (27)

Acts of exchange will not always lead to the formation of a new technology.
Hence:

SI I ∪ {A1, A2, . . . , Am+v}, (28){
TA1 , TA2 , . . . , TAm , . . . , TAm+1 , . . . , TAm+v

}
∈ SI I . (29)

Ecosystem S has been transformed into system SII; further transformations will occur
up to some n (it is inappropriate to show the growth of the system further), i.e.,:

SO < SII > SI, (30)

Sn >> S0 (31)

In terms of both scale and productivity, other things are equal. Transformation occurs
with the growth of two factors—an increase in the number of technologies and the facts of
their effective exchange and with the inclusion of the v-th participant.

However, the growth of this bank ecosystem, which is a system with open-closed
access for participants, may suffer from entropy, as a process that causes the “irreversible
dissipation of energy” of this system, which in the economic system of relations can con-
tribute to the undesirable spread of exclusive organizational, technical and marketing
technologies and its know-how of the system beyond its limits. In this regard, it is neces-
sary to note the disciplining nature of the financial structures (financial infrastructure) of
banking ecosystems.

As can be seen, this model, which should be characterized as a model of technological
increment of the ecosystem, shows how the functioning of the ecosystem contributes to the
growth of the innovative potential of the bank that owns the ecosystem and orchestrates
it. The uniqueness of ecosystems as business models and the specifics of technologies and
their exchange create unique conditions when, in the process of movement of goods and
services, financial and logistical flows, transformation, optimization and improvement
of technologies that separate companies had before joining the ecosystem, which do not
exclude and even contributes to the formation of innovative technologies. This opportunity
appears because of the implementation of various forms of communication between ecosys-
tem participants. They enrich their technological knowledge and unwittingly generate
innovative technologies that make the system unique. But it is not only that. The main
motive for the formation of an ecosystem by a bank is the desire to maintain or increase
the size of its market (its customers) and they manage to do this, but there is also a latent
meaning, which consists in the fact that ecosystem business models, by their nature (as
well as by the nature of information and technology), allow the generation of technology,
and if banks take this into account, they can become centers of technological knowledge.
The generation of technologies within the ecosystem is necessary not only to ensure the
sustainability of development but can also serve to develop the functions of banks (or-
chestrators of ecosystems) when they cannot only have technologies for the development
of new production areas by investing in their projects, but also become an independent
participant in the market of innovative technologies. Thus, the influence of the nature of
the ecosystem business model, technology and banking forms a unique combination that is
realized in ecosystems, which is advisable for banks to use.
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4. Discussion

The points of discussion relate to the fact that there is no way to obtain accurate
information both about the costs of banks for the formation and development of the
ecosystem, and about the growth of their profits and revenues because of the functioning
of their ecosystems, caused by the lack of special reporting. This is explained by the fact
that the formation of ecosystems is closely connected with the processes of digitization and
with the processes of mergers and acquisitions carried out by banks. We cannot be sure that
all the costs of digitization and acquisitions are directly related to building ecosystems. But
we can be sure that the process of ecosystem formation is always connected with both the
first and the second. Therefore, the analysis of profits, revenues and increments of assets
are rather indicators reflecting the dynamics than indirect indicators, but they cannot be
considered as indicators that do not reflect their dynamics. In this regard, the direction
of future research will be to conduct a broader comparative analysis aimed at studying
the effectiveness of ecosystem activities of banks. In addition, we do not exclude that the
income from the functioning of ecosystems for banks at the first stages may be negative,
which is explained by the costs of creating and developing the ecosystem. That is why we
considered the dynamics of assets.

The debatable point also lies in that it was impossible to study a longer period, since
the start to the beginning of the functioning of banking structures was taken recently
and this is an innovative activity for banks, this also determines the directions for the
development of future research.

The points of discussion are related to the limitations of the study, which are, on the
one hand, considered a rather small sample size, although logically justified, which also
implies considering that the number of financial institutions forming their ecosystems will
grow because of the prospects of this type of business. On the other hand, the given model
has a universal character and can be applied in non-financial, non-banking structures.

Limitations also determine the methods used, including those directly related to the
technological increment model; insufficient attention to the totality of external factors limits
the development of this ecosystem (including the presence of competition and government
restrictions, as well as the need to bear marketing costs and the costs of ensuring the safety
and integrity of the ecosystem, increasing the level of complexity with the development
of ecosystems).

The prospects for future research are defined by us as related to the study of the bound-
aries of the development of individual ecosystems, the study of their institutional features and
sustainability of development, the formation and development of innovative ecosystems.

For ourselves, we see the future development of research in the formation of an
institutional theory of the functioning of ecosystems, designed to explain the nature of
partnerships and the transforming forms of implementation of externals and internals of a
positive and negative nature. An important direction will be the formation of a marketing
concept for the formation and promotion of ecosystem technologies and the formation of
models for the functioning of ecosystem.

5. Conclusions

Thus, the study made it possible to find out that for banking institutions the formation
of ecosystems is of great interest, and many banks carry out their activities in their formation.
Given that this process is investment-intensive and requires high competencies in their
development of digitalization and the organization of competent management in intra-
banking activities, as well as highly effective marketing activities within and outside their
ecosystem. It should be noted that by forming ecosystems, banks are reaching a new level
of organization of activities, expanding their competencies, and diversifying their activities.
In general, one can be sure that the creation of banking ecosystems is not a tribute to fashion,
but an opportunity to improve their financial performance and create additional sources of
growth. In the formation of ecosystems for banks, new opportunities are formed that have
a hidden form.
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In addition to the above, these are opportunities to increase the number of customers,
the formation of unique synthesized banking and financial products. However, the most
important thing, in our opinion, is that innovative technologies are formed in ecosystems,
formed through cooperation between the orchestrator and complementarities and between
complementarities. The possibility of establishing control over the innovations created by
the ecosystem by the orchestrator bank should allow it not only to gain access to innovations
created in various areas, but also to manage and even own the intellectual property created
within the ecosystem. Thus, the arranging bank becomes a strong agent of the innovative
technology market and the owner of advanced intellectual property. This means both new
competencies and new opportunities and prospects for growth.
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Appendix A

Table A1. Data for cluster 1 for regression analysis *.

Year DMU Profits, USD
Million (X1)

Revenues, USD
Million (X2)

Assets, USD
Million (X3)

2015
DMU 5 17,242 77,277 1,731,210
DMU 6 22,894 86,057 1,787,632

2016
DMU 5 14,912 70,797 1,792,077
DMU 6 21,938 88,267 1,930,115

2017
DMU 5 −6798 72,444 1,842,465
DMU 6 22,183 88,389 1,951,757

2018
DMU 5 18,045 72,854 1,917,383
DMU 6 22,393 86,408 1,895,883

2019
DMU 5 19,401 74,300 1,951,158
DMU 6 19,715 86,832 1,925,753

2020
DMU 5 11,047 75,501 2,260,090
DMU 7 9459 44,560 1,163,028

2021
DMU 5 21,952 71,884 2,291,413
DMU 6 21,548 78,492 1,948,068
DMU 7 21,635 59,339 1,463,988

* Source: calculated by the authors based on the data [59–83,90–124].
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Table A2. Data for cluster 2 for regression analysis *.

Year DMU Profits, USD
Million (X1)

Revenues, USD
Million (X2)

Assets, USD
Million (X3)

2015

DMU 1 3688 17,928 49,407
DMU 2 596 107,006 65,444
DMU 3 16,348 74,989 147,461
DMU 4 53,394 233,712 290,345
DMU 7 6083 33,820 861,395
DMU 8 3064 23,539 375,054

2016

DMU 1 10,217 27,638 64,961
DMU 2 2371 135,987 83,402
DMU 3 19,478 90,272 167,497
DMU 4 45,687 215,639 321,686
DMU 7 7938 30,608 860,165
DMU 8 8934 32,917 418,237

2017

DMU 1 15,934 40,653 84,254
DMU 2 3033 177,866 131,310
DMU 3 12,662 110,855 197,295
DMU 4 48,351 229,234 375,319
DMU 7 4286 32,730 916,776
DMU 8 12,998 39,364 470,693

2018

DMU 1 22,112 55,838 97,334
DMU 2 10,073 232,887 162,648
DMU 3 30,736 136,819 232,792
DMU 4 59,531 265,595 365,725
DMU 7 10,459 36,616 931,796
DMU 8 11,972 32,998 449,067

2019

DMU 1 18,485 70,697 133,376
DMU 2 11,588 280,522 225,248
DMU 3 34,343 161,857 275,909
DMU 4 55,256 260,174 338,516
DMU 7 8466 36,546 992,968
DMU 8 13,649 37,969 483,929

2020

DMU 1 29,146 85,965 159,316
DMU 2 21,331 386,064 321,195
DMU 3 40,269 182,527 319,616
DMU 4 57,411 274,515 323,888
DMU 6 3377 74,264 195,291
DMU 8 10,301 33,813 487,521

2021

DMU 1 39,370 117,929 165,987
DMU 2 33,364 469,822 420,549
DMU 3 76,033 257,637 359,268
DMU 4 94,680 365,817 351,002
DMU 8 16,839 30,824 554,093

* Source: calculated by the authors based on the data [59–83,90–124].

References
1. Matkovskaya, Y.S. Ecosystem Business-Models: Methodological problems of identification and some methods of describing the

processes of their scaling. In Proceedings of the 14th International Conference “Management of Large-Scale System Development”
(MLSD), Moscow, Russia, 27–29 September 2021; IEEE: Manhattan, NY, USA. [CrossRef]

2. Moore, J.F. Predators and Prey: A New Ecology of Competition. Harv. Bus. Rev. 1999, 71, 75–86.
3. Moore, J.F. The Death of Competition: Leadership and Strategy in the Age of Business Ecosystems; Harper Collins: New York, NY, USA, 1997.

http://doi.org/10.1109/MLSD52249.2021.9600194


J. Open Innov. Technol. Mark. Complex. 2022, 8, 143 29 of 33

4. Bresnahan, T.F.; Greenstein, S. Technological competition and the structure of the computer industry. J. Ind. Econ. 1999, 47, 1–40.
[CrossRef]

5. Gawer, A.; Cusumano, M.A. Platform Leadership: How Intel, Microsoft, and Cisco Drive Industry Innovation; Harvard Business School
Press: Boston, MA, USA, 2002.

6. West, J. How open is open enough? Melding proprietary and open source platform strategies. Res. Policy 2003, 32, 1259–1285.
[CrossRef]

7. Economides, N.; Katsamakas, E. Two-Sided Competition of Proprietary vs. Open Source Technology Platforms and the Implica-
tions for the Software Industry. Manag. Sci. 2006, 52, 1057–1071. [CrossRef]

8. Henderson, R.; Gawer, A. Platform Owner Entry and Innovation in Complementary Markets: Evidence from Intel. J. Econ. Manag.
Strategy 2007, 16, 1–34. [CrossRef]

9. Wigren, C. Assessing the quality of qualitative research in entrepreneurship. In Handbook for Qualitative Research Methods in
Entrepreneurship; Neergaard, H., Ulhoi, J., Eds.; Edward Elgar: Northampton, MS, USA, 2007; pp. 383–405.

10. Markus, M.; Silver, M. A foundation for the study of IT effects: A new look at DeSanctis and Poole’s concepts of structural
features and spirit. J. Assoc. Inf. Syst. Res. 2008, 9, 609–632. [CrossRef]

11. Zahra, S.A.; Nambisan, S. Entrepreneurship in global innovation ecosystems. Acad. Mark. Sci. Rev. 2011, 1, 4–17. [CrossRef]
12. Adner, R. Ecosystem as Structure: An Actionable Construct for Strategy. J. Manag. 2016, 43, 39–58. [CrossRef]
13. Barykin, S.Y.; Kapustina, I.V.; Kirillova, T.V.; Yadykin, V.K.; Konnikov, Y.A. Economics of Digital Ecosystems. J. Open Innov.

Technol. Mark. Complex. 2020, 6, 124. [CrossRef]
14. Autio, E.; Nambisan, S.; Thomas, L.; Wright, M. Digital affordances, spatial affordances, and the genesis of entrepreneurial

ecosystems. Strateg. Entrep. J. 2017, 12, 72–95. [CrossRef]
15. Jacobides, M.G.; Cennamo, C.; Gawer, A. Towards a theory of ecosystems. Strateg. Manag. J. 2018, 39, 2255–2276. [CrossRef]
16. Torres, P.; Godinho, P. Levels of necessity of entrepreneurial ecosystems elements. Small Bus. Econ. 2021, 59, 29–45. [CrossRef]
17. Autio, E.; Thomas, L. Innovation Ecosystems: Implications for Innovation Management. In The Oxford Handbook of Innovation

Management; Dodgson, M., Phillips, N., Gann, D.M., Eds.; Oxford University Press: Oxford, UK, 2014; pp. 204–228.
18. Li, J.T.; Chen, L.; Yi, J.T.; Mao, J.Y.; Liao, J.W. Ecosystem-specific advantages in international digital commerce. J. Int. Bus. Stud.

2019, 50, 1448–1463. [CrossRef]
19. Nambisan, S.; Lyytinen, K.; Majchrzak, A.; Song, M. Digital Innovation Management: Reinventing Innovation Management

Research in a Digital World. MIS Q. 2017, 41, 223–238. [CrossRef]
20. Parker, G.; van Alstyne, M.W.; Choudary, S.P. Platform Revolution; W.W. Norton & Company: New York, NY, USA, 2016; p. 352.
21. Buckley, P.J.; Strange, R. The governance of the global factory: Location and control of world economic activity. Acad. Manag.

Perspect. 2015, 29, 237–249. [CrossRef]
22. Ojala, A.; Evers, N.; Rialp, A. Extending the international new venture phenomenon to digital platform providers: A longitudinal

case study. J. World Bus. 2018, 53, 725–739. [CrossRef]
23. Adner, R.; Chen, J.; Zhu, F. Frenemies in Platform Markets: Heterogeneous Profit Foci as Drivers of Compatibility Decisions.

Manag. Sci. 2019, 66, 2432–2451. [CrossRef]
24. Gupta, A.; Dey, A.; Singh, G. Connecting corporations and communities: Towards a theory of social inclusive open innovation. J.

Open Innov. Technol. Mark. Complex. 2017, 3, 17. [CrossRef]
25. Cozzolinoa, A.; Corbobc, L.; Aversad, P. Digital platform-based ecosystems: The evolution of collaboration and competition

between incumbent producers and entrant platforms. J. Bus. Res. 2021, 126, 385–400. [CrossRef]
26. Beaudry, C.; Burger-Helmchen, T.; Cohendet, P. Editorial: Innovation policies and practices within innovation ecosystems. Ind.

Innov. 2021, 28, 535–545. [CrossRef]
27. Bouncken, R.B.; Kraus, S. Entrepreneurial Ecosystems in an Interconnected World: Emergence, Governance and Digitalization.

Rev. Manag. Sci. 2022, 16, 1–14. [CrossRef]
28. Coase, R.H. The Nature of the Firm. Economica 1937, 4, 386–405. [CrossRef]
29. Yi, Y.; Chen, Y.; Li, D. Stakeholder ties, organizational learning, and business model innovation: A business ecosystem perspective.

Technovation 2022, 114, 102445. [CrossRef]
30. Bazarhanova, A.; Yli-Huumo, J.; Smolander, K. From platform dominance to weakened ownership: How external regulation

changed Finnish e-identification. Electron. Mark. 2019, 30, 525–538. [CrossRef]
31. Thomas, L.D.W.; Autio, E.; Gann, D.M. Architectural leverage: Putting platforms in context. Acad. Manag. Perspect. 2014, 28,

198–219. [CrossRef]
32. Gawer, A.; Cusumano, M.A. Industry platforms and ecosystem innovation. Prod. Innov. Manag. 2014, 31, 417–433. [CrossRef]
33. Garud, R.; Kumaraswamy, A. Technological and Organizational Designs for Realizing Economies of Substitution. New Inst. Econ.

1995, 16, 93–109. [CrossRef]
34. Sussan, F.; Acs, Z.J. The digital entrepreneurial ecosystem. Small Bus. Econ. 2017, 49, 55–73. [CrossRef]
35. Dini, P.; Iqani, M.; Mansell, R. The (im)possibility of interdisciplinary lessons from constructing a theoretical framework for

digital ecosystems. Cult. Theory Crit. 2011, 52, 3–27. [CrossRef]
36. Weil, P.; Woerner, S.L. Thriving in an increasingly digital ecosystem. MIT Sloan Manag. Rev. 2015, 56, 27–34.
37. Elia, G.; Margherita, A.; Passiante, G. Digital entrepreneurship ecosystem: How digital technologies and collective intelligence

are reshaping the entrepreneurial process. Technol. Forecast. Soc. Chang. 2020, 150, 179791. [CrossRef]

http://doi.org/10.1111/1467-6451.00088
http://doi.org/10.1016/S0048-7333(03)00052-0
http://doi.org/10.1287/mnsc.1060.0549
http://doi.org/10.1111/j.1530-9134.2007.00130.x
http://doi.org/10.17705/1jais.00176
http://doi.org/10.1007/s13162-011-0004-3
http://doi.org/10.1177/0149206316678451
http://doi.org/10.3390/joitmc6040124
http://doi.org/10.1002/sej.1266
http://doi.org/10.1002/smj.2904
http://doi.org/10.1007/s11187-021-00515-3
http://doi.org/10.1057/s41267-019-00263-3
http://doi.org/10.25300/MISQ/2017/41:1.03
http://doi.org/10.5465/amp.2013.0113
http://doi.org/10.1016/j.jwb.2018.05.001
http://doi.org/10.1287/mnsc.2019.3327
http://doi.org/10.1186/s40852-017-0062-3
http://doi.org/10.1016/j.jbusres.2020.12.058
http://doi.org/10.1080/13662716.2021.1929870
http://doi.org/10.1007/s11846-021-00444-1
http://doi.org/10.1111/j.1468-0335.1937.tb00002.x
http://doi.org/10.1016/j.technovation.2021.102445
http://doi.org/10.1007/s12525-019-00331-4
http://doi.org/10.5465/amp.2011.0105
http://doi.org/10.1111/jpim.12105
http://doi.org/10.1002/smj.4250160919
http://doi.org/10.1007/s11187-017-9867-5
http://doi.org/10.1080/14735784.2011.621668
http://doi.org/10.1016/j.techfore.2019.119791


J. Open Innov. Technol. Mark. Complex. 2022, 8, 143 30 of 33

38. Acs, Z.J.; Autio, E.; Szerb, L. National systems of entrepreneurship: Measurement issues and policy implications. Res. Policy 2014,
43, 476–494. [CrossRef]

39. Du, W.; Pan, S.L.; Zhou, N.; Ouyang, T. From a marketplace of electronics to a digital entrepreneurial ecosystem (DEE): The
emergence of a meta-organization in Zhongguancun. China. Inf. Syst. J. 2018, 28, 1158–1175. [CrossRef]

40. Song, A.K. The digital entrepreneurial ecosystem–A critique and reconfguration. Small Bus. Econ. 2019, 53, 569–590. [CrossRef]
41. Taylor-Wesselink, K.; Teulon, F. The interaction and influence of digital and non-digital structures, cultures and social norms on

entrepreneurship. Can. J. Adm. Sci./Rev. Can. Sci. L’administration 2021. [CrossRef]
42. Martinez Dy, A.; Martin, L.; Marlow, S. Emancipation through digital entrepreneurship? A critical realist analysis. Organization

2018, 25, 585–608. [CrossRef]
43. Riasanow, T.; Jäntgen, L.; Hermes, S.; Böhm, M.; Krcmar, H. Core, intertwined, and ecosystem-specific clusters in platform

ecosystems: Analysing similarities in the digital transformation of the automotive, blockchain, financial, insurance and IIoT
industry. Electron. Mark. 2020, 31, 89–104. [CrossRef]

44. Baran, G.; Berkowicz, A. Digital Platform Ecosystems as Living Labs for Sustainable Entrepreneurship and Innovation: A
Conceptual Model Proposal. Sustainability 2021, 13, 6494. [CrossRef]

45. Stam, E.; Van de Ven, A. Entrepreneurial Ecosystem Elements. Small Bus. Econ. 2021, 56, 809–832. [CrossRef]
46. Dul, J. Necessary Condition Analysis (NCA): Logic and Methodology of “Necessary but Not Sufficient” Causality. Organ. Res.

Methods 2016, 19, 10–52. [CrossRef]
47. Hein, A.; Schreieck, M.; Riasanow, T.; Setzke, D.S.; Wiesche, M.; Böhm, M.; Krcmar, H. Digital platform ecosystems. Electron.

Mark. 2020, 30, 87–98. [CrossRef]
48. Thompson, T.; Purdy, J.; Ventresca, M.J. How entrepreneurial ecosystems take form: Evidence from social impact initiatives in

Seattle. Strateg. Entrep. J. 2018, 12, 96–116. [CrossRef]
49. Kenney, M.; Zysman, J. Unicorns, Cheshire cats, and the new dilemmas of entrepreneurial finance. Ventur. Cap. 2019, 21, 35–50.

[CrossRef]
50. Jacobides, M.G.; Sundararajan, A.; Van Alstyne, M. Platforms and Ecosystems: Enabling the Digital Economy; World Economic Forum:

Geneva, Switzerland, 2019. Available online: http://www3.weforum.org/docs/WEF_Digital_Platforms_and_Ecosystems_2019
.pdf (accessed on 1 April 2022).

51. Shi, Y.; Lu, C.; Hou, H.; Zhen, L.; Hu, J. Linking Business Ecosystem and Natural Ecosystem Together—A Sustainable Pathway
for Future Industrialization. J. Open Innov. Technol. Mark. Complex. 2021, 7, 38. [CrossRef]

52. Okano, M.; Antunes, S.N.; Fernandes, M. Digital transformation in the manufacturing industry under the optics of digital
platforms and ecosystems. Indep. J. Manag. Prod. (IJMP) 2021, 12, 1139–1159. [CrossRef]

53. Sibanda, W.; Ndiweni, E.; Boulkeroua, M.; Echchabi, A.; Ndlovu, T. Digital technology disruption on bank business models. Int. J.
Bus. Perform. Manag. 2020, 21, 184–213. [CrossRef]

54. Autio, E.; Szerb, L.; Komlósi, É.; Tiszberger, M. The European Index of Digital Entrepreneurship Systems. In JRC Technical Reports;
EUR 29309 EN, JRC112439; Nepelski, D., Rossetti, F., Van Roy, V., Eds.; Publications Office of the European Union: Luxembourg,
2018. Available online: https://ec.europa.eu/jrc (accessed on 1 April 2022). [CrossRef]

55. Askarany, D.; Yazdifar, H.; Dow, K. B2B Networking, Renewable Energy, and Sustainability. J. Risk Financ. Manag. 2021, 14, 290.
[CrossRef]

56. Chung, V.; Dietz, M.; Rab, I.; Townsend, Z. Digital Ecosystems 2.0: Climbing to the Next Level. McKinsey. 2020. Available
online: https://www.mckinsey.com/business-functions/mckinsey-digital/our-insights/ecosystem-2-point-0-climbing-to-the-
next-level (accessed on 1 April 2022).

57. De Smet, A.; Gagnon, C.; Mygatt, E. Organizing for the Future: Nine Keys to Becoming a Future-Ready Company. Available
online: https://www.mckinsey.com/business-functions/people-and-organizational-performance/our-insights/organizing-
for-the-future-nine-keys-to-becoming-a-future-ready-company (accessed on 1 April 2022).

58. Making the Great Attrition the Great Attraction. McKinsey. Available online: https://www.mckinsey.com/business-functions/
organization/our-insights/great-attrition-or-great-attraction-the-choice-is-yours (accessed on 1 April 2022).

59. Krupnejshie Kompanii Mira—2020 [The Largest Companies in the World—2020]. Available online: http://global-finances.ru/
krupneyshie-kompanii-mira-2020/ (accessed on 15 March 2022). (In Russian)

60. The World’s 50 Most Profitable Companies in 2020. Available online: https://asian-links.com/gdp/most-profitable-companies-
2020 (accessed on 15 March 2022).

61. Top-50 Naibolee Pribyl’nyh Kompanij Mira v 2020 Godu [Top 50 Most Profitable Companies in the World in 2020]. Available
online: https://globalstocks.ru/materialyi/reytingi/top-50-naibolee-pribylnyh-kompanij-mira-v-2020-godu/ (accessed on 15
March 2022). (In Russian)

62. Krupnejshie kompanii mira—2021 [The Largest Companies in the World—2021]. Available online: http://global-finances.ru/
krupneyshie-kompanii-mira-2021/ (accessed on 15 March 2022). (In Russian)

63. The World’s 50 Most Profitable Companies. Available online: https://asian-links.com/gdp/most-profitable-companies (accessed
on 15 March 2022).

64. Top-50 Naibolee Pribyl’nyh Kompanij Mira v 2021 Godu [Top 50 Most Profitable Companies in the World in 2021]. Available
online: https://globalstocks.ru/materialyi/reytingi/top-50-naibolee-pribyilnyih-kompaniy-mira/ (accessed on 15 March 2022).
(In Russian)

http://doi.org/10.1016/j.respol.2013.08.016
http://doi.org/10.1111/isj.12176
http://doi.org/10.1007/s11187-019-00232-y
http://doi.org/10.1002/cjas.1639
http://doi.org/10.1177/1350508418777891
http://doi.org/10.1007/s12525-020-00407-6
http://doi.org/10.3390/su13116494
http://doi.org/10.1007/s11187-019-00270-6
http://doi.org/10.1177/1094428115584005
http://doi.org/10.1007/s12525-019-00377-4
http://doi.org/10.1002/sej.1285
http://doi.org/10.1080/13691066.2018.1517430
http://www3.weforum.org/docs/WEF_Digital_Platforms_and_Ecosystems_2019.pdf
http://www3.weforum.org/docs/WEF_Digital_Platforms_and_Ecosystems_2019.pdf
http://doi.org/10.3390/joitmc7010038
http://doi.org/10.14807/ijmp.v12i4.1375
http://doi.org/10.1504/IJBPM.2020.106121
https://ec.europa.eu/jrc
http://doi.org/10.2760/39256
http://doi.org/10.3390/jrfm14070290
https://www.mckinsey.com/business-functions/mckinsey-digital/our-insights/ecosystem-2-point-0-climbing-to-the-next-level
https://www.mckinsey.com/business-functions/mckinsey-digital/our-insights/ecosystem-2-point-0-climbing-to-the-next-level
https://www.mckinsey.com/business-functions/people-and-organizational-performance/our-insights/organizing-for-the-future-nine-keys-to-becoming-a-future-ready-company
https://www.mckinsey.com/business-functions/people-and-organizational-performance/our-insights/organizing-for-the-future-nine-keys-to-becoming-a-future-ready-company
https://www.mckinsey.com/business-functions/organization/our-insights/great-attrition-or-great-attraction-the-choice-is-yours
https://www.mckinsey.com/business-functions/organization/our-insights/great-attrition-or-great-attraction-the-choice-is-yours
http://global-finances.ru/krupneyshie-kompanii-mira-2020/
http://global-finances.ru/krupneyshie-kompanii-mira-2020/
https://asian-links.com/gdp/most-profitable-companies-2020
https://asian-links.com/gdp/most-profitable-companies-2020
https://globalstocks.ru/materialyi/reytingi/top-50-naibolee-pribylnyh-kompanij-mira-v-2020-godu/
http://global-finances.ru/krupneyshie-kompanii-mira-2021/
http://global-finances.ru/krupneyshie-kompanii-mira-2021/
https://asian-links.com/gdp/most-profitable-companies
https://globalstocks.ru/materialyi/reytingi/top-50-naibolee-pribyilnyih-kompaniy-mira/


J. Open Innov. Technol. Mark. Complex. 2022, 8, 143 31 of 33

65. Krupnejshie Kompanii Mira—2019 [The Largest Companies in the World—2019]. Available online: http://global-finances.ru/
krupneyshie-kompanii-mira-2019/ (accessed on 15 March 2022). (In Russian)

66. The World’s 50 Most Profitable Companies in 2019. Available online: https://asian-links.com/gdp/most-profitable-companies-
2019 (accessed on 15 March 2022).

67. Top-50 Naibolee Pribyl’nyh Kompanij Mira v 2019 Godu [Top 50 Most Profitable Companies in the World in 2019]. Available
online: https://globalstocks.ru/materialyi/reytingi/top-50-naibolee-pribylnyh-kompanij-mira-v-2019-godu/ (accessed on 15
March 2022). (In Russian)

68. Krupnejshie Kompanii Mira—2018 [The Largest Companies in the World—2018]. Available online: http://global-finances.ru/
krupneyshie-kompanii-mira-2018/ (accessed on 15 March 2022). (In Russian)

69. The World’s 50 Most Profitable Companies in 2018. Available online: https://asian-links.com/gdp/most-profitable-companies-
2018 (accessed on 15 March 2022).

70. Top-50 Naibolee Pribyl’nyh Kompanij Mira v 2018 Godu [Top 50 Most Profitable Companies in the World in 2018]. Available
online: https://globalstocks.ru/materialyi/reytingi/top-50-naibolee-pribyilnyih-kompaniy-mira-v-2018-godu/ (accessed on 15
March 2022). (In Russian)

71. Krupnejshie Kompanii Mira—2017 [The Largest Companies in the World—2017]. Available online: http://global-finances.ru/
krupneyshie-kompanii-mira-2017/ (accessed on 15 March 2022). (In Russian)

72. The World’s 50 Most Profitable Companies in 2017. Available online: https://asian-links.com/gdp/most-profitable-companies-
2017 (accessed on 15 March 2022).

73. Top-50 Naibolee Pribyl’nyh Kompanij Mira v 2017 Godu [Top 50 Most Profitable Companies in the World in 2017]. Available
online: https://globalstocks.ru/materialyi/reytingi/top-50-naibolee-pribyilnyih-kompaniy-mira-v-2017-godu/ (accessed on 15
March 2022). (In Russian)

74. Krupnejshie Kompanii Mira—2016 [The Largest Companies in the World—2016]. Available online: http://global-finances.ru/
krupneyshie-kompanii-mira-2016/ (accessed on 15 March 2022). (In Russian)

75. The World’s 50 Most Profitable Companies in 2016. Available online: https://asian-links.com/gdp/most-profitable-companies-
2016 (accessed on 15 March 2022).

76. Top-50 Naibolee Pribyl’nyh Kompanij Mira v 2016 Godu [Top 50 Most Profitable Companies in the World in 2016]. Available
online: https://globalstocks.ru/materialyi/reytingi/top-50-naibolee-pribyilnyih-kompaniy-mira-v-2016-godu/ (accessed on 15
March 2022). (In Russian)

77. Krupnejshie Kompanii Mira—2013 [The Largest Companies in the World—2013]. Available online: http://global-finances.ru/
krupneyshie-kompanii-mira-2013-rossiya-ne-v/ (accessed on 1 March 2022). (In Russian)

78. Top-50 Naibolee Pribyl’nyh Kompanij Mira v 2012 godu [Top 50 Most Profitable Companies in the World in 2012]. Available
online: https://globalstocks.ru/materialyi/reytingi/top-50-naibolee-pribyilnyih-kompaniy-mira-v-2012-godu/ (accessed on 15
March 2022). (In Russian)

79. Krupnejshie Kompanii Mira—2014 [The Largest Companies in the World—2014]. Available online: Uhttp://global-finances.ru/
krupneyshie-kompanii-mira-2014/ (accessed on 1 March 2022). (In Russian)

80. Top-50 Naibolee Pribyl’nyh Kompanij Mira v 2014 godu [Top 50 Most Profitable Companies in the World in 2014]. Available
online: https://globalstocks.ru/materialyi/reytingi/top-50-naibolee-pribyilnyih-kompaniy-mira-v-2014-godu/ (accessed on 15
March 2022). (In Russian)

81. Krupnejshie Kompanii Mira—2015 [The Largest Companies in the World—2015]. Available online: http://global-finances.ru/
krupneyshie-kompanii-mira-2015/ (accessed on 15 March 2022). (In Russian)

82. Top-50 Naibolee Pribyl’nyh Kompanij Mira v 2015 Godu [Top 50 Most Profitable Companies in the World in 2015]. Available
online: https://globalstocks.ru/materialyi/reytingi/top-50-naibolee-pribyilnyih-kompaniy-mira-v-2015-godu/ (accessed on 15
March 2022). (In Russian)

83. CHistaya Pribyl’ Facebook v 2016 Godu Vyrosla na 177% [Facebook Net Profit in 2016 Grew by 177%]. Available online:
https://www.rbc.ru/business/02/02/2017/58925e399a79476d519af7f5?ysclid=l6bv6ysvj0390999917 (accessed on 15 March 2022).
(In Russian)

84. Alibaba Group Holding Company Profile, News, Rankings. Fortune. Available online: https://fortune.com/company/alibaba-
group-holding/global500/ (accessed on 8 March 2022).

85. Ecosystems—The Key to Success for All Future Financial Services Companies. Finextra Research. 16 November 2020. Avail-
able online: https://www.finextra.com/blogposting/19537/ecosystems---the-key-to-success-for-all-future-financial-services-
companies (accessed on 5 March 2022).

86. Transforming the Bank to an Open API Ecosystem. 2020. Available online: https://bankloch.blogspot.com/2020/02/
transforming-bank-to-open-api-ecosystem.htmlhttps://bankloch.blogspot.com/2020/02/transforming-bank-to-open-api-
ecosystem.html (accessed on 3 March 2022).

87. «Sber» Dopolnitel’no Poluchil 205 Mlrd Rublej v 2021 Godu Iz-Za Vnedreniya Iskusstvennogo Intellekta [Sberbank Received an
Additional 205 Billion Rubles in 2021 due to the Introduction of Artificial Intelligence, 2022]. 2022. Available online: https://
expert.ru/2022/02/4/sber-dopolnitelno-poluchil-205-mlrd-rubley-v-2021-godu-iz-za-vnedreniya-iskusstvennogo-intellekta/
(accessed on 1 March 2022). (In Russian)

http://global-finances.ru/krupneyshie-kompanii-mira-2019/
http://global-finances.ru/krupneyshie-kompanii-mira-2019/
https://asian-links.com/gdp/most-profitable-companies-2019
https://asian-links.com/gdp/most-profitable-companies-2019
https://globalstocks.ru/materialyi/reytingi/top-50-naibolee-pribylnyh-kompanij-mira-v-2019-godu/
http://global-finances.ru/krupneyshie-kompanii-mira-2018/
http://global-finances.ru/krupneyshie-kompanii-mira-2018/
https://asian-links.com/gdp/most-profitable-companies-2018
https://asian-links.com/gdp/most-profitable-companies-2018
https://globalstocks.ru/materialyi/reytingi/top-50-naibolee-pribyilnyih-kompaniy-mira-v-2018-godu/
http://global-finances.ru/krupneyshie-kompanii-mira-2017/
http://global-finances.ru/krupneyshie-kompanii-mira-2017/
https://asian-links.com/gdp/most-profitable-companies-2017
https://asian-links.com/gdp/most-profitable-companies-2017
https://globalstocks.ru/materialyi/reytingi/top-50-naibolee-pribyilnyih-kompaniy-mira-v-2017-godu/
http://global-finances.ru/krupneyshie-kompanii-mira-2016/
http://global-finances.ru/krupneyshie-kompanii-mira-2016/
https://asian-links.com/gdp/most-profitable-companies-2016
https://asian-links.com/gdp/most-profitable-companies-2016
https://globalstocks.ru/materialyi/reytingi/top-50-naibolee-pribyilnyih-kompaniy-mira-v-2016-godu/
http://global-finances.ru/krupneyshie-kompanii-mira-2013-rossiya-ne-v/
http://global-finances.ru/krupneyshie-kompanii-mira-2013-rossiya-ne-v/
https://globalstocks.ru/materialyi/reytingi/top-50-naibolee-pribyilnyih-kompaniy-mira-v-2012-godu/
Uhttp://global-finances.ru/krupneyshie-kompanii-mira-2014/
Uhttp://global-finances.ru/krupneyshie-kompanii-mira-2014/
https://globalstocks.ru/materialyi/reytingi/top-50-naibolee-pribyilnyih-kompaniy-mira-v-2014-godu/
http://global-finances.ru/krupneyshie-kompanii-mira-2015/
http://global-finances.ru/krupneyshie-kompanii-mira-2015/
https://globalstocks.ru/materialyi/reytingi/top-50-naibolee-pribyilnyih-kompaniy-mira-v-2015-godu/
https://www.rbc.ru/business/02/02/2017/58925e399a79476d519af7f5?ysclid=l6bv6ysvj0390999917
https://fortune.com/company/alibaba-group-holding/global500/
https://fortune.com/company/alibaba-group-holding/global500/
https://www.finextra.com/blogposting/19537/ecosystems---the-key-to-success-for-all-future-financial-services-companies
https://www.finextra.com/blogposting/19537/ecosystems---the-key-to-success-for-all-future-financial-services-companies
https://bankloch.blogspot.com/2020/02/transforming-bank-to-open-api-ecosystem.htmlhttps://bankloch.blogspot.com/2020/02/transforming-bank-to-open-api-ecosystem.html
https://bankloch.blogspot.com/2020/02/transforming-bank-to-open-api-ecosystem.htmlhttps://bankloch.blogspot.com/2020/02/transforming-bank-to-open-api-ecosystem.html
https://bankloch.blogspot.com/2020/02/transforming-bank-to-open-api-ecosystem.htmlhttps://bankloch.blogspot.com/2020/02/transforming-bank-to-open-api-ecosystem.html
https://expert.ru/2022/02/4/sber-dopolnitelno-poluchil-205-mlrd-rubley-v-2021-godu-iz-za-vnedreniya-iskusstvennogo-intellekta/
https://expert.ru/2022/02/4/sber-dopolnitelno-poluchil-205-mlrd-rubley-v-2021-godu-iz-za-vnedreniya-iskusstvennogo-intellekta/


J. Open Innov. Technol. Mark. Complex. 2022, 8, 143 32 of 33

88. Mamchic, R. Krupnejshie Zarubezhnye Finansovye Ekosistemy: Rezul’taty i Plany na 2020 God [The Largest Foreign Financial
Ecosystems: Results and Plans for 2020]. Nat. Bank J. 2020, 202, 187. Available online: https://nbj.ru/publs/krupneishie-
zarubezhnye-finansovye-ekosistemy-rezul-taty-i-plany-na-2020-god/34254/ (accessed on 1 March 2022). (In Russian)

89. Schmitz, C.; Bedford, D.; Bull, T. 2020. Will Financial Services Build Ecosystems, or just Be a Participant? EY–Global. Available
online: https://www.ey.com/en_gl/banking-capital-markets/will-financial-services-build-ecosystems-or-just-be-a-participant
(accessed on 15 March 2022).

90. Annual-Report. Facebook-2015. 2015AR_FINAL (annreports.com). 2015. Available online: https://www.annreports.com/meta-
facebook/facebook-ar-2015.pdf (accessed on 2 July 2022).

91. Facebook Reports Fourth Quarter and Full Year 2016 Results. 2016. Available online: https://s21.q4cdn.com/399680738/files/
doc_financials/2016/Q4/Facebook-Reports-Fourth-Quarter-and-Full-Year-2016-Results.pdf (accessed on 2 July 2022).

92. Facebook Reports Fourth Quarter and Full Year 2017 Results. 2017. Available online: https://s21.q4cdn.com/399680738/files/
doc_news/Facebook-Reports-Fourth-Quarter-and-Full-Year-2017-Results.pdf (accessed on 2 July 2022).

93. Facebook Reports Fourth Quarter and Full Year 2018 Results. 2018. Available online: https://s21.q4cdn.com/399680738/files/
doc_financials/2018/Q4/Q4-2018-Earnings-Release.pdf (accessed on 2 July 2022).

94. Facebook Reports Fourth Quarter and Full Year 2019 Results. 2019. Available online: https://s21.q4cdn.com/399680738/files/
doc_news/Facebook-Reports-Fourth-Quarter-and-Full-Year-2019-Results-2020.pdf (accessed on 2 July 2022).

95. Facebook Reports Fourth Quarter and Full Year 2020 Results. 2020. Available online: https://s21.q4cdn.com/399680738/files/
doc_financials/2020/q4/FB-12.31.2020-Exhibit-99.1.pdf (accessed on 2 July 2022).

96. Meta Reports Fourth Quarter and Full Year 2021 Results. 2021. Available online: https://www.prnewswire.com/news-releases/
meta-reports-fourth-quarter-and-full-year-2021-results-301474305.html (accessed on 2 July 2022).

97. Annual-Report. Amazon-2018. 2018. printmgr file (annreports.com). Available online: https://www.annreports.com/amazon/
amazon-ar-2018.pdf (accessed on 1 July 2022).

98. Annual-Report. Amazon-2020. 2020. Available online: https://s2.q4cdn.com/299287126/files/doc_financials/2021/ar/Amazon-
2020-Annual-Report.pdf (accessed on 1 July 2022).

99. Annual-Report. Amazon-2021. 2021. Available online: https://s2.q4cdn.com/299287126/files/doc_financials/2022/ar/Amazon-
2021-Annual-Report.pdf (accessed on 1 July 2022).

100. Annual-Report. Form 10-K. Alphabet Inc., Google Inc.–2015. GOOG 2015.12.31 10-K (annreports.com). 2015. Available online:
https://www.annreports.com/alphabet/alphabet-ar-2015.pdf (accessed on 1 July 2022).

101. Annual-Report. Form 10-K. Alphabet Inc., Google Inc.–2019. GOOG 10-K 2019 (annreports.com). 2019. Available online:
https://www.annreports.com/alphabet/alphabet-ar-2019.pdf (accessed on 1 July 2022).

102. Annual-Report. Form 10-K. Alphabet Inc., Google Inc.–2021. GOOG 10-K Q4 2021 (annreports.com). 2021. Available online:
https://www.annreports.com/alphabet/alphabet-10k-2021.pdf (accessed on 1 July 2022).

103. Annual-Report. Form 10-K. Apple Inc.-2017. 2017. Available online: https://www.annreports.com/apple/apple-ar-2017.pdf
(accessed on 2 July 2022).

104. Annual-Report. Form 10-K. Apple Inc.-2020. (annreports.com). 2020. Available online: https://www.annreports.com/apple/
apple-ar-2020.pdf (accessed on 2 July 2022).

105. Annual-Report. Form 10-K. Apple Inc.-2021. 0000320193-21-000105 (annreports.com). 2021. Available online: https://www.
annreports.com/apple/apple-ar-2021.pdf (accessed on 2 July 2022).

106. Annual-Report. Form 10-K. Citigroup Inc.-2016. Document (sec.gov). 2016. Available online: https://www.sec.gov/Archives/
edgar/data/831001/000083100119000027/c-12312018x10k.htm (accessed on 2 July 2022).

107. Annual-Report. Form 10-K. Citigroup Inc.-2017. Document (sec.gov). 2017. Available online: https://www.sec.gov/Archives/
edgar/data/831001/000083100118000040/c-12312017x10k.htm (accessed on 2 July 2022).

108. Annual-Report. Form 10-K. Citigroup Inc.-2018. Document (sec.gov). 2018. Available online: https://sec.report/Document/0001
104659-20-039584/ (accessed on 2 July 2022).

109. Annual-Report. Form 10-K. Citigroup Inc.-2015. 10-K (sec.gov). 2015. Available online: https://www.sec.gov/Archives/edgar/
data/831001/000083100116000235/c-12312015x10k.htm (accessed on 2 July 2022).

110. Annual-Report. Citi’s Value Proposition. Citigroup Inc.-2020. ar20_en.pdf (citigroup.com). 2020. Available online: https:
//www.citigroup.com/citi/investor/quarterly/2021/ar20_en.pdf (accessed on 2 July 2022).

111. Annual-Report. Form 10-K. Citigroup Inc.-2021. 2021. Available online: https://www.citigroup.com/citi/investor/data/q2104c.
pdf (accessed on 2 July 2022).

112. Annual Report. Form 10-K. Wells Fargo & Company-2017. 2017. EX-13 6. wfc-12312017xex13.htm. EXHIBIT 13. Exhibit (sec.gov).
Available online: https://www.sec.gov/Archives/edgar/data/72971/000007297118000272/wfc-12312017xex13.htm (accessed
on 2 July 2022).

113. Annual Report. Form 10-K. Wells Fargo & Company-2020. 2020. Exhibit 13. wfc-20201231_d2 (sec.gov). 2020. Available online:
https://www.sec.gov/Archives/edgar/data/72971/000007297121000197/wfc-20201231_d2.htm (accessed on 2 July 2022).

114. Annual Report. Form 10-K. Wells Fargo & Company-2021. wfc-20211231 (sec.report). 2021. Available online: https://sec.report/
Document/0000072971-22-000096/wfc-20211231.htm. Exhibit 13. wfc-20211231_d2 (sec.report). https://sec.report/Document/
0000072971-22-000096/wfc-20211231_d2.htm#i2fa190c7552c48f4bdd88b1df9444511_274 (accessed on 2 July 2022).

https://nbj.ru/publs/krupneishie-zarubezhnye-finansovye-ekosistemy-rezul-taty-i-plany-na-2020-god/34254/
https://nbj.ru/publs/krupneishie-zarubezhnye-finansovye-ekosistemy-rezul-taty-i-plany-na-2020-god/34254/
https://www.ey.com/en_gl/banking-capital-markets/will-financial-services-build-ecosystems-or-just-be-a-participant
https://www.annreports.com/meta-facebook/facebook-ar-2015.pdf
https://www.annreports.com/meta-facebook/facebook-ar-2015.pdf
https://s21.q4cdn.com/399680738/files/doc_financials/2016/Q4/Facebook-Reports-Fourth-Quarter-and-Full-Year-2016-Results.pdf
https://s21.q4cdn.com/399680738/files/doc_financials/2016/Q4/Facebook-Reports-Fourth-Quarter-and-Full-Year-2016-Results.pdf
https://s21.q4cdn.com/399680738/files/doc_news/Facebook-Reports-Fourth-Quarter-and-Full-Year-2017-Results.pdf
https://s21.q4cdn.com/399680738/files/doc_news/Facebook-Reports-Fourth-Quarter-and-Full-Year-2017-Results.pdf
https://s21.q4cdn.com/399680738/files/doc_financials/2018/Q4/Q4-2018-Earnings-Release.pdf
https://s21.q4cdn.com/399680738/files/doc_financials/2018/Q4/Q4-2018-Earnings-Release.pdf
https://s21.q4cdn.com/399680738/files/doc_news/Facebook-Reports-Fourth-Quarter-and-Full-Year-2019-Results-2020.pdf
https://s21.q4cdn.com/399680738/files/doc_news/Facebook-Reports-Fourth-Quarter-and-Full-Year-2019-Results-2020.pdf
https://s21.q4cdn.com/399680738/files/doc_financials/2020/q4/FB-12.31.2020-Exhibit-99.1.pdf
https://s21.q4cdn.com/399680738/files/doc_financials/2020/q4/FB-12.31.2020-Exhibit-99.1.pdf
https://www.prnewswire.com/news-releases/meta-reports-fourth-quarter-and-full-year-2021-results-301474305.html
https://www.prnewswire.com/news-releases/meta-reports-fourth-quarter-and-full-year-2021-results-301474305.html
https://www.annreports.com/amazon/amazon-ar-2018.pdf
https://www.annreports.com/amazon/amazon-ar-2018.pdf
https://s2.q4cdn.com/299287126/files/doc_financials/2021/ar/Amazon-2020-Annual-Report.pdf
https://s2.q4cdn.com/299287126/files/doc_financials/2021/ar/Amazon-2020-Annual-Report.pdf
https://s2.q4cdn.com/299287126/files/doc_financials/2022/ar/Amazon-2021-Annual-Report.pdf
https://s2.q4cdn.com/299287126/files/doc_financials/2022/ar/Amazon-2021-Annual-Report.pdf
https://www.annreports.com/alphabet/alphabet-ar-2015.pdf
https://www.annreports.com/alphabet/alphabet-ar-2019.pdf
https://www.annreports.com/alphabet/alphabet-10k-2021.pdf
https://www.annreports.com/apple/apple-ar-2017.pdf
https://www.annreports.com/apple/apple-ar-2020.pdf
https://www.annreports.com/apple/apple-ar-2020.pdf
https://www.annreports.com/apple/apple-ar-2021.pdf
https://www.annreports.com/apple/apple-ar-2021.pdf
https://www.sec.gov/Archives/edgar/data/831001/000083100119000027/c-12312018x10k.htm
https://www.sec.gov/Archives/edgar/data/831001/000083100119000027/c-12312018x10k.htm
https://www.sec.gov/Archives/edgar/data/831001/000083100118000040/c-12312017x10k.htm
https://www.sec.gov/Archives/edgar/data/831001/000083100118000040/c-12312017x10k.htm
https://sec.report/Document/0001104659-20-039584/
https://sec.report/Document/0001104659-20-039584/
https://www.sec.gov/Archives/edgar/data/831001/000083100116000235/c-12312015x10k.htm
https://www.sec.gov/Archives/edgar/data/831001/000083100116000235/c-12312015x10k.htm
https://www.citigroup.com/citi/investor/quarterly/2021/ar20_en.pdf
https://www.citigroup.com/citi/investor/quarterly/2021/ar20_en.pdf
https://www.citigroup.com/citi/investor/data/q2104c.pdf
https://www.citigroup.com/citi/investor/data/q2104c.pdf
https://www.sec.gov/Archives/edgar/data/72971/000007297118000272/wfc-12312017xex13.htm
https://www.sec.gov/Archives/edgar/data/72971/000007297121000197/wfc-20201231_d2.htm
https://sec.report/Document/0000072971-22-000096/wfc-20211231.htm
https://sec.report/Document/0000072971-22-000096/wfc-20211231.htm
https://sec.report/Document/0000072971-22-000096/wfc-20211231_d2.htm#i2fa190c7552c48f4bdd88b1df9444511_274
https://sec.report/Document/0000072971-22-000096/wfc-20211231_d2.htm#i2fa190c7552c48f4bdd88b1df9444511_274


J. Open Innov. Technol. Mark. Complex. 2022, 8, 143 33 of 33

115. Annual Report. Form 10-K. The Goldman Sachs Group, Inc.-2015. printmgr file (annreports.com). 2015. Available online:
https://www.annreports.com/goldman-sachs/goldman-sachs-ar-2015.pdf (accessed on 2 July 2022).

116. Annual Report. Form 10-K. The Goldman Sachs Group, Inc.-2016. goldman-sachs-ar-2016.pdf (annreports.com). 2016. Available
online: https://www.annreports.com/goldman-sachs/goldman-sachs-ar-2016.pdf (accessed on 2 July 2022).

117. Annual Report. Form 10-K. The Goldman Sachs Group, Inc.-2017. printmgr file (annreports.com). 2017. Available online:
https://www.annreports.com/goldman-sachs/goldman-sachs-ar-2017.pdf (accessed on 2 July 2022).

118. Annual Report. Form 10-K. The Goldman Sachs Group, Inc.-2018. goldman-sachs-ar-2018.pdf (annreports.com). 2018. Available
online: https://www.annreports.com/goldman-sachs/goldman-sachs-ar-2018.pdf (accessed on 2 July 2022).

119. Annual Report. Form 10-K. The Goldman Sachs Group, Inc.-2019. printmgr file (annreports.com). 2019. Available online:
https://www.annreports.com/goldman-sachs/goldman-sachs-ar-2019.pdf (accessed on 2 July 2022).

120. Annual Report. Form 10-K. The Goldman Sachs Group, Inc.-2020. goldman-sachs-ar-2020.pdf (annreports.com). 2020. Available
online: https://www.annreports.com/goldman-sachs/goldman-sachs-ar-2020.pdf (accessed on 2 July 2022).

121. Annual Report. Form 10-K. The Goldman Sachs Group, Inc.-2021. goldman-sachs-ar-2021.pdf (annreports.com). 2021. Available
online: https://www.annreports.com/goldman-sachs/goldman-sachs-ar-2021.pdf (accessed on 2 July 2022).

122. Otchetnost’ Sberbank [Reporting Sberbank]. In Rus. Investing Port. 2022. Available online: https://porti.ru/company/mfso/
MOEX:SBER (accessed on 2 July 2022).

123. Godovyye otchety Sberbanka [Sberbank Annual Reports]. In Rus. 2022. Available online: https://www.livetraders.ru/
companies/sberbank/reports/annual (accessed on 2 July 2022).

124. Sberbank Financial Statements (SBER). (smart-lab.ru). 2022. Available online: https://smart-lab.ru/q/SBER/f/y/MSFO/en
(accessed on 2 July 2022).

https://www.annreports.com/goldman-sachs/goldman-sachs-ar-2015.pdf
https://www.annreports.com/goldman-sachs/goldman-sachs-ar-2016.pdf
https://www.annreports.com/goldman-sachs/goldman-sachs-ar-2017.pdf
https://www.annreports.com/goldman-sachs/goldman-sachs-ar-2018.pdf
https://www.annreports.com/goldman-sachs/goldman-sachs-ar-2019.pdf
https://www.annreports.com/goldman-sachs/goldman-sachs-ar-2020.pdf
https://www.annreports.com/goldman-sachs/goldman-sachs-ar-2021.pdf
https://porti.ru/company/mfso/MOEX:SBER
https://porti.ru/company/mfso/MOEX:SBER
https://www.livetraders.ru/companies/sberbank/reports/annual
https://www.livetraders.ru/companies/sberbank/reports/annual
https://smart-lab.ru/q/SBER/f/y/MSFO/en

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	Appendix A
	References

