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TOWARDS ECOSYSTEM RESEARCH IN THE
SOFTWARE ENGINEERING

The application of the concept of the ecosystem in the software engineering shows the existence of the same
problems regarding the definition of the concept of the ecosystem and its use for research that still exists in
ecology. Justification for applying the ecosystem concept in the area that differs significantly from the ecology,
as in our case, requires researchers to look for analogies. This primarily applies to landscape, energy and
matter transfer chains (trophic chains) and nutritional cycles. Until such analogies are found in software
engineering, ecosystem research will be nothing more than system analysis, and the concept of the ecosystem
is an attractive concept. The purpose of this article is to draw the attention of the software engineering
community to ecosystem research. Three concepts of ecosystems in ecology, software and software
engineering are considered. The composition and essence of ecosystem research in the software engineering
are given. The literature review of the state of the ecosystem research for software ecosystems has been carried
out.
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M .0O. Cuoopos

EKOCHUCTEMHI JOCJIP)KEHHA B IHKEHEPII
IHHPOI'PAMHOI'O 3ABE3IIEYEHHA

3acToCcyBaHHs KOHIEILIT eKOCUCTEMHU B IH)KEHEPIii MPOrpaMHoro 3abe3nevyeHHs! MoKa3ye iCHYBaHHSI THX CaMUX
po0JIeM 11010 BU3HAYCHHS KOHIIETII] €eKOCHCTEMH Ta 1l BUKOPUCTaHHS IS IOCTIDKEHb, SKi BCE IIIe iCHYIOTh
B ekoJorii. OOrpyHTYBaHHS 3aCTOCYBAHHS ITOHATTSI €KOCHCTEMH y CHCTEMaX, IO CYTTEBO BiJIPI3HAIOTHCS BiX
€KOJIOTii, SIK y HallloMy BHIaJKy, BUMAarae BiJ JOCHITHUKIB MOIIyKy aHaJoTii. B mepmry gepry, nie crocyeTbes
nma"amadTy, JAHIIOTIB MEPEeHOCy eHeprii Ta pedoBUHH (TPOQIYHMX JAHIIOTIB) 1 HYTpi€eHTHUX IUKIIB. [Toku
Taki aHayorii He OyQyTh 3HaiileHi B iHKeHepil mporpaMHOro 3abe3nedeHHs, JOCTiKeHHS SKOCUCTEMH Oye
HIYMM IHIIIMM, SIK CHCTEMHHMM aHaJi30M, a KOHIICMIIis €KOCHCTEMH € MPUBAOIUBOIO KOHIICMIien. MeTa 1ri€ei
CTaTTi — NPUBEPHYTH YBary CIIUIBHOTH I1H)KEHEpIi MPOrpaMHOro 3a0e3MCUCHHS [0 EKOCHCTEMHHX
JocIipKeHb. PO3IJISHYTO TpW KOHIEMIIi €KOCHCTEeM, a caMe B eKOJIOrii, MmporpamMHoMy 3a0e3nedyeHHi Ta
imKeHepii mporpaMHoro 3adesnedeHHs. HaBeneHo ckiiaj Ta CyTHICTh €KOCUCTEMHHUX JIOCHI/DKEHb Y 1HXKeHepil
nporpamHoro 3abesrnedeHHs. [IpoBeneHo orsia JTEpaTypu MIOAO CTaHY EKOCHCTEMHHX JOCIIIKEeHb
MIPOTPaMHUX EKOCUCTEM.

KirouoBi cioBa: iHkeHepii mporpaMHOro 3a0e3ledeHHs, eKOCHCTeMa IPOrpaMHOro 3a0e3nedeHHs, JTaHIor
CTBOPEHHS IIIHHOCTI, EKOCHUCTEMa 1HKeHepil MpOorpaMHOTro 3a0e3IMeUCHHSI.

Introduction

The application of the concept of the found in the software engineering, ecosystem

ecosystem in software engineering shows the
existence of the same problems regarding the
definition of the concept and its use for
research that still exists in ecology [1].
Justification for applying the concept of an
ecosystem in an area that differs significantly
from ecology, as in our case, requires
researchers to look for analogies. This
primarily applies to landscape, energy and
matter transfer chains (trophic chains) and
nutritional cycles. Until analogies are not
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research will be nothing more than system
analysis, and the concept of the ecosystem is
an attractive concept.

The article [2] shows the expediency of
applying the concept of the ecosystem in
software engineering while preserving the
ecosystem point of view. The purpose of this
article is to draw the attention of software
engineering community to the ecosystem
research. To justify position, types and features
of the -ecosystem research in software
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engineering are considered. The state of
researches by the review of the relevant
literature is presented.

To the definitions of ecosystems

Consider three concepts of ecosystems
- the ecology ecosystem, the software
ecosystem and the ecosystem of the software
engineering.

Ecosystem of ecology. The term
"ecosystem" should denote a group of
organisms living in a certain area, interacting
with their physical environment in such a way
that the flow of energy leads to a well-defined
trophic structure, biotic diversity and material
cycles [3]. The concept of the ecosystem can
be applied to various ecological objects. This
application is justified by the fact that they
demonstrate similar forms of relationships
(energy and material cycles). The concept of
the ecosystem is based on the concept of the
system, but the ecosystem research differs
from system research [1]. This difference is
expressed in requirements that include the
presence of internal cycles of matter, system
behavior, energy flows, and nutrient cycles,
interdisciplinarity [3]. It is clear that the
application of the concept in the software
engineering should be guided by the same
requirements. However, a necessary condition
for their satisfaction should be the presence of
analogues of interactions specified for
ecological ecosystems.

Software ecosystem. This a
widespread term today that has many
interpretations. In the review article [4], four
definitions of software ecosystems are given.
Analyzing these definitions, authors identify
three main elements that combine these
definitions. This is platform, business and
relationships. In addition, a generalized
definition of the software ecosystem as the
interaction of the set of subjects on top of a
general technological platform, leading to a
number of solutions in software or services is
formulated. The article [5] has no new terms,
but definitions are given that are related to the
software  ecosystem:  mobile  learning
ecosystems/mobile ecosystem, open source
free software ecosystem, open ecosystem,
digital (business) ecosystem. Here, these
definitions stand next to the definition of the

software ecosystem. As for cycles and chains,
the work [4] indicates that the software
ecosystem 1s an association that manages the
ecosystem, executing the platform, creating
and applying rules, processes, business
procedures, setting and controlling quality
standards and/or organizing relationships with
the actor. So, the concept of the software
ecosystem 1is founded on the ecosystem
platform concept [8].

Software engineering ecosystems. In
the work [6], based on the assumption that in
the software engineering, as well as in
ecology, there should be a wider range of
ecosystems than software ecosystems known
in the literature, the concept of the software
engineering ecosystems was introduced. The
classification of ecosystems and the concepts
of flows and chains similar to biological
ecosystems was proposed. As in [6], in this
article we keep to the following point of
view. The ecosystem is a concept, not a real
entity. The concept can be applied to any
landscape within the territory of the software
engineering [6]. The researcher based on the
purpose of the study determines the
boundaries of the landscape. The concept of
the ecosystem is based on the concept of the
system [1]. However, this depends on how
the researcher defined the boundary. Each
structure (the system), in a certain landscape
of the software engineering territory that is
open to material and energy flows, and
contains at least two living beings
(organisms) and meets the requirements for
ecosystems, can be considered as a software
engineering ecosystem. As an analogue of
energy transferred in biological ecosystems
in trophic cycles, we propose to use the
concept of value based on the energy theory
of value [7].

To determine ecosystems, we will use a
structural approach [8]. Therefore, in the
ecosystem, in addition to the abiotic
component (natural and anthropogenic) and
value, we consider four more types of elements
of the ecosystem structure [8]. Namely, the
types of activities that determine discrete
actions that must be carried out in order for the
value proposal to materialize; actors who are
subjects and who carry out activities; positions
that determine where subjects are in the flow of

125



Metonu Ta 3aco0M NporpamMHoI iHxKeHepii

activity and characterize who transfers value to
whom; connections that determine transfers
both between subjects and subjects and the
abiotic component. There are activities at the
center of the definition of the ecosystem. To
make the ecosystem sustainable, actors need to
interact in such a way that the focus value
materializes.

Therefore, as an analogue of the trophic
chain, we use the chain of the interdependent
value creation by actors performing activities
in the landscape using the abiotic component.
Activities of actors play an important role in
the ecosystem, defining its functions and
services. In the same way, we will consider
software landscapes where conditionally living
biota can operate - computer programs, as well
as landscapes on which both types of biota act.
For a system formed by a conditionally living
biota, a chain of formation of the emergence
function of the system can be specified as the
interdependent value creation chain.

Ecosystem research

In accordance with purposes of
studying objects in software engineering
using the concept of the ecosystem, we will
use traditional approaches to studying
systems [9]. Wherein, we will take into
account the following features of ecosystems
researches:

- The structural analysis is performed
on biotic and abiotic components. In addition,
the structural analysis will have study the
biotic component as a community, including its
various forms, such as working community,
program community.

- The functional analysis is aimed at
studying value chains instead of food chains,
and circulation chains of artifacts of the legacy
software instead of nutritional cycles [6]. For
ecosystems with a human community in the
biotic component, and possibly software
ecosystems, flows that lead to the emergence
and elimination of waste should be
investigated.

- The system analysis, as in the
biological ecosystem, aims to study the
emergence, stability, self-organization,
evolution and sustainability of ecosystems.
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Ecosystem research in the software
engineering

Next, based on research on biological
ecosystems, we will consider main areas of
researches applying the concept of the
ecosystem in the software engineering.
Researches will be divided into two groups -
basic and target.

Basic studies. Basic studies are those
aimed at collecting data and information about
ecosystems. This will provide more complete
and reliable results of targeted studies.
Sustainable environmental research and
historical research are basic researches.

The sustainable environmental research
is research conducted in the ecosystem,
continuously for long periods of time [10]. The
duration of research should be at least such as
long as the dominant event of the ecosystem
occurs or until the event under study changes
[11]. In article [12], a classification of types of
sustainable environmental studies is provided.
There are retrospective researches (passive -
deep and recent; active - opportunistic,
intentional and remodeled) and prospective
researches. The research data can be directed to
the following: to develop and test the
environmental theory; to provide general
environmental knowledge about the operation
of selected ecosystems; to provide student and
postgraduate  training [11].  Sustainable
environmental studies have features that
consider before starting research. It is, firstly, a
waste of time and money; secondly, to keep
research from unproductive complacency, if
funding and job safety are provided in the long
run; third, limited of studies by practical
considerations [11]. The field study and field
experiment can be used for the sustainable
research.

Study of the ecosystems history. As
the structure, functions, services, landscape and
terrain of the ecosystem change over time, the
ecosystem has a history. For quantitative and
especially comparative studies, it is critical to
determine the current state of the ecosystem
and state changes over time. For example, how
the transformation of the ecotope into a biotope
was carried out. For historical research, the
empirical or the natural-historical method, the
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field study, the anthropological and
ethnographic studies can be use.

Targeted researches include
structural, functional and system analysis.

The structural analysis aims to analyze
components of the ecosystem as structure [8]:
activities, which specify the actions for the
value, proposition to materialize; actors (biota)
are entities that carry out activities, they can be
people or components of programs; objects
(abiota) are inanimate  objects  and
anthropogenic objects that take part in carry
out activities. They can be inanimate objects of
nature or artifacts and tools that creating by the
actors; positions that determine where actors
are in the flow of activity; links that determine
the transfer of value between entities. The kind
of these values may vary - material,
information, influence, funds. Consider that
there is the transfer of energy in the ecosystem,
that its structure can be multi-level. The field
study, the monitoring and classification
methods can be used for the structural analysis.

The functional analysis contributes to
the identification of functions, services and
interactions (streams and chains) aimed at
creating value.

Ecosystem functions on the definition
of ecosystem processes are based, which can
be interactions inside biota and between biotic
and abiotic components of the ecosystem,
covering material cycles and energy flows.
Functions of the ecosystem can be defined as
the ability of processes and components of the
structure to provide goods and services that
meet human needs, directly or indirectly.
Article [14] examines the  historical
development of the concept of ecosystem
services in economic theory and practice,
which can be useful.

Ecosystem services are defined as a set
of ecosystem functions that are useful for
humans [15]. Thus, ecosystem services in the
software engineering should include results of
performing ecosystem functions that are
beneficial to humans. As with other types of
ecosystems, these functions can be divided into
three groups - economic, sociocultural and
environmental [15]. The first group, depending
on the type of the ecosystem, includes
knowledge, skills, products and artifacts. The
second is determined by the presence of the

people in the biota of the ecosystem that bring
socio-cultural values to the concept of the
ecosystem. Both are related to not only the
culture of software engineering, but also to the
society and the culture in a broad sense. The
third group, these are functions regarding the
ability of ecosystems to regulate flows that
lead to waste disposal [2]. An important aspect
in the study of ecosystem services is their
evaluation. The papers [15, 16] offer models
for evaluating ecosystem services that can be
applied to software engineering ecosystems.

Researching flows, chains and cycles
that correspond to ecosystem functions is an
important part of functional ecosystem
research. For software engineering ecosystems,
these are the study of the added value chains
(food chains analogues), reuse cycles of legacy
software artifacts, knowledge, practices
(analogues of nutritional cycles). In biological
ecosystems, the nutrient cycle is one of the
most important processes, as it ensures the
transformation of "old" (legacy) matter into
nutrients used by living organisms. It also
maintains the balance of those nutrients that
are necessary to maintain a healthy ecosystem.
Biological ecosystems consider four cycles of
nutrients (water, oxygen, nitrogen, carbon). In
software engineering ecosystems, as an
analogue of such cycles, we suggest using
software engineering artifacts reuse cycles
(knowledge, polices, software artifacts, best
practices). Without reuse cycles, software
engineering  ecosystems can  become
unbalanced and unhealthy, similar to biological
ecosystems, leading to inefficiency and
disintegration. In addition to them, flows that
lead to generated and disposal of waste should
be studied. Waste cycles are important and
arise for various reasons, for example, waste is
a result of inappropriate organization of the
activity process. For the functional analysis,
the technique of system functional analysis is
used, and for chains and cycles it will be useful
to apply value chain analysis [17, 18].

The system analysis. The use of system
analysis is aimed at studying as the system, a
part of the world localized within the
ecosystem. Of particular interests are emergent
functions of the system and modeling and
simulation. Since ecosystems are usually open
systems, connections between the ecosystem
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and other parts of the world presented as
ecosystems are also explored. For the system
analysis, the experimental simulation, the
simulation  experiment, the conceptual
modeling and simulation should be wused.
Finally, it should be noted that ecosystem
research differs from system research in that it
is interdisciplinary.

Literature Review

The goal of review is find out the state
of ecosystem research in context of the
software. For this goal are formulated the
following two research questions:

(RQ1) Does software ecosystem
researchers use biological analogies, and if so,
which ones?

(RQ2) What kind of the ecosystem
researches are software ecosystems researchers
interested in?

Below are results of the analysis.

RQI1. Does software ecosystem
researchers use biological analogies, and if so,
which ones?

Attempts to use analogies are in the
works [19, 20]. For example, [19] offers two
types of biota and an analogue of the food
chain for the software ecosystem. The first type
is the participants of the software project,
which are represented by four categories - core
developers, active developers, peripheral
developers and wusers. Between them, a
connection 1s indicated, according to the
authors, similar to a trophic chain directed
from core developers to users. The second type
is the software components and the project
contributors that are compared whit the
biological species in the biological ecosystem.
Indicated that as in the trophic network, some
of these components (such as joint
development platforms and software libraries)
act as producers. A wider range of analogues
of components for this type can be found in the
work [20]. However, it has no analogies with
chains and cycles.

RQ2. What kind of the ecosystem
researches are software ecosystems researchers
interested in?

Basic studies (Sustainable
environmental researches [11]). We did not
find any work on this aspect of research.
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Basic studies (History of ecosystems).
The paper [21] presents the results of studying
how object-oriented classes are wused in
software packages over time to increase
understanding of the evolution of the software
ecosystem, as well as the maintenance and
survivability of projects.

Targeted researches (Structural
analysis). The article [22] considers a subset of
communities found on GitHub and identifies a
variety of roles. The article [23], bots are used
to coordinate open source software projects.
Four different classes of bots that coordinate
work in such projects (broker, checker,
gatekeeper, and manager) have been identified.
In articles [24, 25], the workforce ecosystem as
a structure focused on creating value for the
organization was defined.

Targeted researches
analysis).

- Ecosystem functions and services. In
the article [26], proposed an open source online
platform (R.ECOSystem) to support the
development and management of recommender
systems. In the article [27], the definition of the
software testing ecosystem was proposed. The
article [28], described the component-based
software development ecosystem and its main
service is the supply of components to the
market. The article [29], described the
ecosystem of the scientific software, as well as
the production of scientific software
components. In the article [30], presented, the
program analysis platform that aims to build a
data-driven ecosystem. The article [31],
presents an ecosystem that Ericsson has
developed for the systematic practice of large-
scale reuse of microservices in a cloud context.

The article [32] draws attention to
decision-making on the design of the software
and systems for products, processes, projects
that maximize the value created for invested
resources. In the article [33], the concept of the
unified software value chain and the first
empirical proof of the concept are proposed.
This article examines the value chain in the
context of the software life cycle. This view
supports our view of software engineering
ecosystems. In the article [34], the concept of
the software ecosystem service is discussed.

- The reuse cycle of the legacy
software. In the article [35], the concept of the

(Functional
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ecosystem applies to the software industry to
encourage developers to reuse and multiple use
software components. This view cannot be
directly related to cycles of reuse of the legacy
software, but it can be accepted to study these
cycles. In the article [36], value networks for
DevSecOps are presented.

- Flows of waste generation and
disposal. The work [37] is the most famous in
the software engineering about this theme. This
aspect of the ecosystem research can certainly
be related to issues of the sustainable and
environmental software engineering [38].

Targeted researches (System
analysis). The article [39], structures of known
ecosystems, as well as formulated and analyzes
problems related to openness, management,
analysis and quality in such ecosystems are
presented. The article [40], draws attention to
orchestration in software ecosystems and offers
a new understanding of it. The article [41]
provided a systematic display of the
description and documentation of the software
ecosystem through modeling.

Conclusion

This work is a continuation of author's
works [2, 6, 42 - 44]. Represents the author's
view on the problem of applying the concept of
the biology ecosystem in the software
engineering. Attention 1s drawn to the
inadequacy of the existing application of the
concept to the software ecosystem compared to
the biological approach. That can be explain by
the fact that the software ecosystem uses an
approach that considers ecosystems as
networks, organized around a keystone species
(the platform [45] and characterized by a large
number of interconnected participants who
depend on each other for their mutual
effectiveness and survival. In paper [8], such
approach was called "ecosystem-as-affiliation".
At the same time, the boundaries of the
landscape and itself landscape are not specified
and there are no analogues of chains and
cycles, the presence of which determines the
essence of biological ecosystems. Therefore,
now the software ecosystem, in our opinion, is
nothing more than a fashionable term. In this
article, attention is drawn to a different
approach  "ecosystems-as-structure", when
ecosystem is configuration of activities that are

defined by a value proposition [8]. In this
context, in future works the attention need to
addresses to the ecosystem research and the
need to find analogies for the software
engineering that are known in ecology.
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