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Abstract: Software ecosystems (SECO) play a crucial role in modern software development by enabling 
accelerated innovation, collaboration among multiple stakeholders, and efficient utilization of shared re-
sources and technologies. However, achieving these benefits requires robust, adaptable, and well-structured 
architectural design and management. Despite their importance, SECO architectures face several critical 
challenges, including interface instability, security vulnerabilities, scalability limitations, governance com-
plexity, sustainability concerns, and evolving ecosystem dynamics. Although prior studies have explored 
individual aspects of SECO, there is a clear research gap in providing a comprehensive and systematic syn-
thesis of architectural challenges and their corresponding mitigation strategies. In particular, no systematic 
literature review (SLR) has thoroughly examined these issues in an integrated manner. To address this gap, 
this study aims to systematically identify, categorize, and analyze architectural challenges in SECO and 
evaluate existing mitigation techniques. A structured SLR methodology is employed to collect, assess, and 
synthesize relevant literature, leading to the development of a conceptual framework that organizes both 
challenges and solutions. The findings reveal that key mitigation strategies—such as modularization, vari-
ability management, custom design approaches, and sandboxing—can significantly improve architectural 
stability, scalability, and sustainability. These results provide valuable insights for both researchers and 
practitioners by offering a consolidated understanding of SECO architectural issues and practical guidance 
for designing more resilient and sustainable software ecosystems. 
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1. Introduction 
Software ecosystem (also referred to as SECO) indi-

cates a fairly new trend in the field of software develop-
ment. It is a technique of determining how multiple soft-
ware development companies are associated with each 
other when a large portion of various independent varia-
bles are present [1]. Alterations in the magnitude of the 
software ecosystems definition also bring in varying defi-
nitions. Several definitions of software ecosystems have 
since been applied, including: According to Soureya [2], a 
set of software products and the firms that make them that 
support, mediate, and automate the activities as well as 
transactions of the players on the interconnected social or 

economic ecosystems. A software ecosystem consists of ac-
tors who have come together create software as a system 
and simultaneously interact in a joint software and service 
market, and the interrelation between them as defined by 
E. Onagh and M. Nayebi [3]. Such interactions tend to be 
facilitated by an analogous techno-logical infrastructure or 
operation by the employee of the exchange of information, 
ideas, and objects. The interdependence and network of 
connections are getting more emphasis. Software ecosys-
tems are usually under the management of one or a few 
coordinating parties with a financial interest in the success 
of the ecosystem. These coordinators are often also respon-
sible for the supporting infrastructure that underlies the 
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ecosystem, including a software platform company. Nev-
ertheless, fewer traditional organizers of the ecosystem 
may have a bearing on the ecosystem, including open-
source platform consortia or even individual developers. 
Such individuals who have been recipients of the trend to 
expand the software ecosystem and are in a position to 
control the development of the platform or the environ-
ments around it are said to be software ecosystem coordi-
nators. 

They are also often taking a partial responsibility in 
creating the underlying technology most of the time as by 
E. Onagh and M. Nayebi [3]. Nowadays, such co-innova-
tions are all the more widespread than either single-source 
or solo innovations, as they involve many actors. Due to 
an innovation, businesses collaborate and compete to help 
in supporting new products, and as a result, co-evolve 
their capabilities, necessitating businesses to satisfy con-
sumer demand and eventually embrace the new evolution 
of advances [4]. These open alliances with vendors, clients, 
outsourced companies, and related product or service cre-
ators, technology organizations, and a multiplicity of other 
organizations affect and are affected by the development 
and delivery of the company's own offerings. Due to these 
perspectives, scholars created software ecosystems as an 
attempt to articulate a different perspective on the soft-
ware business. The emergence of Google Android, Apple 
iOS, Microsoft, and Salesforce.com ecosystems has helped 
to attract attention to the growth of SECO. Software inno-
vation takes place when different parties, including the 
outside and software firms, collaborate to achieve a certain 
goal. Bearing in mind that not much research on SECO had 
been conducted till recently, both scholars and business 
professionals. 

A close analysis of software ecosystems was done to 
talk about the features, merits, and demerits of SECO. The 
paradigm of software development is rapidly evolving [5]. 
The number of people who use Software as a Service 
(SaaS) nowadays heavily depends on computing every-
where. In this case, and with the advent of issues such as 
Distributed Software Development (DSD), retaining a cen-
tral Architecture in most scenarios is not enough amongst 
the business developers. To cooperate, they should open 
up their architectures to external developers. This alliance 
between a wide variety of software solutions, companies, 
and developers has created a new idea in development. 
This type of situation was termed Software Ecosystem 
(SECO) [5]. 

A software platform that is open is called a SECO and 
typically consists of a keystone, a platform, and several 
specialized agents. The centralizer also has an effect on the 
development of the platform, as well as the management 
of the relations with third parties. Nevertheless, niche 
agents refer to the ones that impact the development of the 
ecosystem [5]. Application evaluation and the iOS ecosys-
tem are offered by Apple at a monthly fee and a share of 

the monthly earnings from app sales [6]. Other examples 
of a (smartphone) software ecosystem, in addition to iOS, 
will be the Android ecosystem, a popular system of 
Google [6]. The prediction was made earlier in 2012 that a 
greater number of smartphones would be sold as com-
pared to laptops [6]. They contrast with the early years of 
software engineering when a software product was the re-
sult of the effort of a single software vendor to create a 
monolithic product; instead, the software packages nowa-
days typically depend on the efforts of third-party vendors 
or open-source sources [3]. Ecosystem extensions are the 
products of partnerships between software development 
firms and service providers, where both the software 
products, components, and technologies suppliers and 
buyers engage in designing competitive value. The well-
being of such a product software company is no longer 
merely reliant on the excellence of its own creation but on 
how it handles its relationships [3].  

There are various ways in which software and tangi-
ble things are different. There are no physical limitations 
with regard to software; therefore, the primary limitations 
of the software are intellectual, social, and financial [3]. It 
is unheard of to see a gross profit margin of 99 per cent on 
the goods sold in other businesses [3]. That is, there are no 
costs that can be linked to the reproduction of software 
products. SECO has the following advantages, which are 
enumerated [4]: 1) The presence of appeal to new players 
and the co-evolution and development of software in the 
concerned company. 2) Decreases the amount of resources 
it takes to create and share software. 3) Assist with the 
evaluation and cognition of software Architecture. 4) 
Phase communication and co-operation between different 
autonomous software growth economists. A software eco-
system has many advantages, but there are also many 
risks and challenges associated with it. These challenges or 
risks should be paid more attention to. Software ecosystem 
challenges have further groups with further description of 
software ecosystem challenges, which are Architecture, 
Governance, Sustainability, Data Analytics, Dynamics and 
Evolution, as well as Domain-Specific Ecosystem [7]. 

In several studies, SECO has been found to have ar-
chitectural problems as the most important ones [8], [9] 
has indicated that one cannot develop a software ecosys-
tem design without considering social issues when consid-
ering management (technical) processes and business leg-
islation. There must be communication between the actors 
and the platform upon which the ecosystem is built. Re-
searchers have come up with numerous architectural 
problems, as well as additional methods of mitigating 
such problems [4], [10], [11]. Nonetheless, no study has in-
vestigated the whole issue and the impact of the various 
possible mitigation methods on the architectural concerns 
in the wake of the SLR. Therefore, it may be difficult to 
trace the connection between mitigation strategies and ar-
chitectural issues. This is necessary to identify every Ar-
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chitecture issue as an outcome. The paper is trying to fill 
this knowledge lack of knowledge on in the literature by 
thoroughly classifying all architectural barriers and reme-
dies. The objective of the current study will be achieved by 
formulating the following objectives: 

• SLR has been conducted to determine the full list 
of the SECO possible concerns and mitigation 
plans. 

• We were also able to determine all of the threats 
to the SECO architecture, which is important to 
the research. 

The paper was organized as follows: Section 2 con-
tains the literature review and the related work that has 
been utilized in previous literature and research. It gives 
concise literature on SECO, SECO Architecture, and miti-
gation strategy or practices issues. Research design/ meth-
odology is section 3, which is involved in this research 
study, as the method of the research is set to be carried out 
to answer the research questions and proposed conceptual 
framework. The Section 4 is results and findings, where 
the results of the research that have been addressed are de-
fined. Section 5 is the conclusion section of the research 
work, and this section has outlined the proposed work for 
the future. 
 
2. Literature Review 

The literature review is discussed in order to be better 
aware of the terms used in the investigation. The review 
paper on software ecosystem, the challenges with software 
ecosystem Architecture, factors affecting software ecosys-
tem Architecture problems, mitigation, and strategies 
have been discussed in detail. The gap in research of the 
current studies is also mentioned in this section. 

 
2.1. Software Ecosystem 

Software ecosystem (sometimes referred to as SECO) 
is a relatively recent designation used to refer to a rela-
tively recent development in the software development 
business. It is a way of forging connections among the lim-
ited software development companies with each other 
when there are many independent variables [1]. The defi-
nition of software ecosystem has also had diverse defini-
tions due to variation in the definition itself. The term soft-
ware ecosystem is nowadays defined in various fashions, 
and a software ecosystem has been defined [2] as the set of 
software solutions that facilitate, enable, and automate the 
activity and the interplay between the members of the con-
nected social or commercial ecosystems and the firms of-
fering those solutions [3] coined the term software ecosys-
tem, which is described as a group of actors that work to-
gether to form software solutions which are run using a 
common software and services market, with interactions 
among players shaping the overall structure of the ecosys-
tem. Such interactions operate based on the exchange of 
knowledge, ideas, and artefacts, and usually follow up 

with an identical technology environment or market. More 
attention is being given to connectivity and dependence in 
business connections. Software ecosystems are normally 
spearheaded and organized by one or more coordinating 
parties who have a vested interest in the success of the eco-
system. 

These coordinators, as a rule, are also responsible for 
the underlying technology, which acts as the foundation 
of the ecosystem, like a software platform creating a busi-
ness. Nevertheless, the number of traditional ecosystem 
organizers is also lower, including open-source platform 
consortia or even a lone developer who can influence the 
ecosystem. Software Ecosystem coordinators have been 
described as the parties that have enjoyed the software 
ecosystem growth and are capable of influencing how the 
platform or its ecosystems evolve. As is generally the case, 
they are also (in some measure) in charge of the further 
development of the underlying technology [3]. Multiple 
players now become sources of innovations, and they are 
co-innovations. The corporations coevolve their potential 
in the context of innovation, collaborate and engage in 
competition to assist the new goods, satisfy the consumer 
needs, and ultimately follow another series of innovations 
[4]. 

 
2.2. Software Ecosystem challenge 

Some of the benefits that SECO has are as follows [4]:  
1)facilitates the prosperity of software co-evolution 

and innovation of the organizing organization, and 
strengthens the appeal of new players. Cuts the produc-
tion and distribution cost of software. Create a software 
architecture study and knowledge. 4) Favors sharing in-
formation and cooperation among competitors in the de-
velopment of various software separately [7]. The soft-
ware ecosystem is quite risky and challenging, and bene-
ficial. More likely, it is such struggles or threats that would 
be taken into account. Software ecosystem issues are also 
established by a variety of fields, which encompass Archi-
tecture Governance, Sustainability, Data, Analytics, Dy-
namics, and Evolution Domain-Specific Ecosystem [7]. 

 
2.3.  Software Ecosystem Architecture challenges 

In other words, researchers have developed the SECO 
architectural problems as the most significant ones [8]. 
Manias mentions that building a software ecosystem de-
sign can never take place without looking at social aspects 
and management (technical) processes, and business laws 
[9]. There is a need for actors to interact with each other 
and with the platform on which the ecosystem is under-
pinned. Some of the architectural issues identified by the 
researchers include interface stability, security, reliability, 
scalability, longevity, solidity, and integration application 
[12]-[17]. There are also other mitigation measures, such as 
Variable design, Custom design, Assessment of ecosystem 
health, Metrics, Framework, and Sandbox  [18]-[20].  It  has  
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Figure 1. Research Design. 

 
also been proposed. Nonetheless, all the studies have not 
identified that or enquired how the differing feasible miti-
gation plans could influence the architectural issues after 
the SLR. This may lead to the inability to identify the spe-
cific relationship between mitigation measures and archi-
tectural issues. Due to this fact, it is imperative to detect all 
the architectural issues. SLR has been carried out by sys-
tematically grouping all the challenges to Architecture and 
solutions. 

 
2.4. Software ecosystem Architecture challenges & mitiga-
tion strategies 

Software Ecosystem Architecture was regarded as a 
big issue in the software ecosystem. Several architectural 
issues, such as interface stability, security, dependability, 
scalability, durability, solidity, and application integra-
tion. The other issues of the software ecosystem include 
architecture as a critical issue. These problems and hurdles 
have been reduced through several mitigation measures. 
The alternative mitigation strategies include: Variable De-
sign, Custom Design, Ecosystem Health Assessment, Met-
rics, Framework, and Sandbox [18]-[20]. 

 
3. Research Methodology 

Research design gives the method of research that has 
been adopted with the aim of answering the research ques-
tions of this study. There are three stages of a research ap-
proach. At the beginning, it fulfills a Systematic Literature 
Review (SLR) to identify the issues of Software Ecosystem 

in Architecture and mitigation strategies and practices of 
SECO. 
 
3.1. Research Design 

In this section, the steps for this study or research that 
have been taken are discussed in detail. In Figure 1 the 
flow of methodology for the research Design. 
 
3.2. Systematic Literature Review 

SLR is an objective and approach to gathering data 
about the existing research findings concerning the re-
search topics in an objective and consistent fashion. Be-
sides, the SLR systematically incorporates research work. 
The SLR will be seeking to have credible, manageable and 
precise methods to be used in the objective assessment of 
research subjects. The main goal of this study is to identify 
the most suitable study by using inclusion and exclusion 
criteria from previous studies, and also to identify the 
quality standards to be used to assess the findings and in-
formation drawn out of the previous studies. 

An SLR approach was developed to find the software 
ecosystem Architecture issues, affecting factors to soft-
ware architecture, and its mitigation strategies. Using [21] 
guidelines in this study were used. Three stages of SLR ap-
plied in this SLR, i.e. preparing the review, conducting the 
review and reporting the review. Figure 2 demonstrates 
the stages of SLR, as well as their sub-steps.  

Furthermore, these research steps have been divided 
into subsections. 

• Planning the review phase is employed to delimit 
the plan that we have devised to carry out the SLR. 

• The second is conducting review phase is a signif-
icant stage of SLR. This stage adopts the search 
strategy identified in the initial phase of SLR in the 
process of acquiring data contained in the litera-
ture. 

• The third and final stage of SLR is the reporting of 
the review. It is applied to document the findings 
of the two previous stages. Each of the steps will 
be discussed below. 

 
3.2.1. Planning The Review 

This stage entails 6 stages. i.e. 
• Research Question 
• Electronic Databases 
• Search String 
• Inclusion Criteria 
• Exclusion Criteria 
• Quality Criteria for Study Selection 

 
All the steps are discussed in detail below. 
 

3.2.1.1. Research Questions 
In this section we discuss research question for our 

research are in Table 1 is given. 
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Figure 2. SLR Protocol. 
 
Table 1. Research Questions. 

S. No. Research Question Answer 

RQ1 What are the SECO Architecture factors 
listed in the literature that affect software 
ecosystem architecture? 

The response to this research question would be to offer a   com-
prehensive list of Architecture Issues in Software Ecosystem 
that have been elicited through the undertaking of SLR. 

RQ2 What are the mitigation strategies given in 
the literature for SECO Architecture issues 
in the software ecosystem? 

The answer to this research question is to provide a detailed list 
of mitigation strategies for SECO Architecture issues in SECO 
that have been extracted by performing SLR. 

 
Table 2. Quality Assessment Questions. 

S. No. Quality Assessment Question Score 

Q1 Is the study talking of the Architecture problems in SECO? Yes = 1, Partial = 0.5, No = 0 
Q2 Does the study propose any mitigation strategies, practices, tools, and tech-

niques to overcome Architecture issues in SECO? 
Yes = 1, Partial = 0.5, No = 0 

Q3 Does the literature discuss and evaluate framework to mitigate challenges in 
SECO? 

Yes = 1, Partial = 0.5, No = 0 

Q4  Does the Study related to SECO? Yes = 1, Partial = 0.5, No = 0 
 
3.2.1.2. Electronic Data Base 

Based on the recommendations, the 6 data sources 
have been used. 

• Google Scholar 
• IEEE Explore 
• Science Direct 
• Research Gate 
• Semantic Scholar 
• Online Wiley Library 

 
3.2.1.3. Search String 

The following search string used to extract the nomi-
nated studies is the following:  

 
(software ecosystem OR ecosystem OR SECO) AND (ar-

chitecture issues OR Architecture challenges OR factor affecting 
Architecture OR Architecture barriers OR Architecture prob-
lem OR Architecture risk OR Architecture thread) AND (Mit-
igation strategies OR practices OR solution OR recommenda-
tion OR guideline OR Safeguard) 

3.2.1.4. Inclusion Criteria 
For Inclusion criteria the following instruction. 
• Studies must be published in Journal or Confer-

ence. 
• Studies must be written in English language. 
• The links of the studies are accessible. 
• Studies having full text. 
• Studies that answering questions of the research. 
• Studies which is published from 2000 to 2026. 
• Studies that refers mitigation practices for Archi-

tecture in SECO. 
 
3.2.1.5. Exclusion Criteria  

Using Following criteria some studies were excluded. 
• Books and various blogs are excluded. 
• Slides, tutorial, editorials etc.  Are removed. 
• studies excluded which language not English.  
• Duplicated or repeated studies. 
• Technical reports and white papers. 
• Studies were not available in full-text. 
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Figure 3. Tollgate Approach Distribution. 
 
Table 3. Tollgate Approach for Primary Study Selection. 

 
• Studies that are not able to access internet are not 

included. 
• Do not discuss mitigation practices for Architec-

ture in SECO. 
 
3.2.1.6. Quality Criteria to study selection 

The selection of the study was rigorous by imple-
menting a quality assessment scoring mechanism. The as-
sessment of each of the studies was conducted according 
to the preset criteria, and the scores were given as follows: 
Yes = 1, Partial = 0.5, and No = 0. 

There was an inclusion criterion that would include 
the final analysis that is 2.0 or higher (out of 4). The inclu-
sion threshold was set at a minimum quality 2 out of 4. 
Study Scoring below this threshold were excluded to en-
sure methodological rigor and reliability. Table 2 estab-
lishes the criteria question of quality assessment. 
 
3.2.2. Conducting the Review 

The review is conducted of three steps i.e. 
• Study Selection 
• Data extraction 
• Data synthesis 

Each of the steps is discussed below. 
 
3.2.2.1. Primary Study Selection 

 Tollgate approach [22] is adapted for the study.  This 
phase has 5 steps. 

• Level 1: Search the relevant studies based on the 
search string and inclusion criteria. 

• Level 2: Inclusion and exclusion of studies are 
based on the title and abstract. 

• Level 3: The introduction and conclusion are used 
to include and exclude the studies. 

• Level 4: The inclusion and exclusion of studies are 
done depending on the entire text. 

• Level 5: The SLR entails final primary studies 
through the application of quality assessment cri-
teria. 

Used to select the primary studies and thoroughly to 
purify all the discovered studies. Tollgate approach has 5 
levels as illustrated in Table 3. The search strings used in 
the above electronic database found 563 studies. Besides, 
58 large studies were nominated to SLR by means of five-
level tollgate approaches Figure 3 represent the tollgate 
data representation. 

Electronic Databases L1 L 2 L3 L4 L 5 

Google Scholar 200 130 90 30 25 
IEEE Explore 150 95 60 40 20 
Semantic Scholar 80 50 30 15 5 
Science Direct 36 21 11 8 4 
Research Gate 65 40 20 9 3 
Willey online library 32 20 13 5 1 
Total 563 356 224 107 58 
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Figure 1. Temporal Distribution of the Selected Studies. 
 
Table 4.  Quality Evaluations of the Studies. 

Ref No Year Q1 Q2 Q3 Q4 Total Quality 
Score 

[1] 2025  1 1 1 1 4 
[2] 2025  1 0 0 1 2 
[3] 2025  1 0.5 0 1 2.5 
[4] 2025 1 1 1 1 4 
[5] 2025 1 0 0 1 2 
[6] 2025  1 0 0 1 2 
[7] 2025  1 0 0 1 2 
[8] 2025 1 0 0 1 2 
[9] 2026 1 1 1 1 4 
[10] 2025 1 1 1 1 4 
[11] 2024 1 0 0 1 2 
[23] 2024 1 0 0 1 2 
[12] 2013 1 0 0 1 2 
[24] 2014 1 0 0.5 1 2.5 
[25] 2017 1 0 0 1 2 
[26] 2020 1 0 0 1 2 
[27] 2020 1 0 .5 1 2.5 
[28] 2013 1 0 1 1 3 
[29] 2014 1 0 0 1 1.5 
[30] 2017 1 1 1 1 4 
[31] 2016 1 0 0 1 2 
[32] 2024 1 1 0 1 3 
[33] 2016 1 0 0 1 2 
[34] 2004 1 1 1 1 4 
[35] 2010 1 0 0 1 2 
[36] 2010 1 1 1 1 4 
[18] 2017 1 1 1 1 4 
[37] 2012 1 1 1 1 4 
[38] 2014 1 1 0 1 3 
[13] 2013 1 1 1 1 4 
[39] 2013 1 1 0 1 3 
[40] 2010 1 .5 1 1 3.5 
[41] 2016 1 1 0 1 3 
[42] 2020 1 .5 1 1 3.5 
[43] 2017 1 1 1 1 4 
[44] 2012 1 0 0 1 2 

[45] 2013 1 1 1 1 4 
[14] 2024 1 0 0 1 2 
[19] 2015 1 0 1 1 2 
[46] 2024 1 1 1 1 4 
[47] 2015 1 0 0 1 2 
[15] 2007 1 0 0 1 2 
[16] 2015 1 1 0 1 3 
[17] 2016 1 0 1 1 3 
[48] 2016 1 1 0 1 3 
[49] 2025 1 .5 0 1 2.5 
[20] 2011 1 0 0 1 2 
[50] 2011 1 0 0 1 2 
[51] 2005 1 1 0 1 3 
[52] 2008 1 0 0 1 2 
[53] 2009 1 0 .5 1 2.5 
[54] 2007 1 0 0 1 2 
[55] 2012 1 0 0 1 2 
[56] 2004 1 0 0 1 2 
[57] 2011 1 1 0 1 3 
[58] 2009 1 .5 0 1 2.5 
[59] 1998 1 1 1 1 4 
[60] 2005 1 1 1 1 4 

 
Quality assessment of the mentation studies has been 

done with the aim of measuring the quality of the chosen 
studies. In studies answering the questions fully, the stud-
ies are registered 1. The studies that include data that 
solely investigate the issues and include no mitigation 
method in terms of quality evaluation queries are regis-
tered as 0.5. Although the study. Table 4 represent the 
Quality Evaluation of study. 

The studies that are rejected are those with scores of 
1 or lower. The research that failed to answer the questions 
of the quality assessment and the score is 1 or set below1. 
Those works have incorporated which cover the problem 
and remedial strategies regarding Architecture in SECO.  
The number is 58 included studies. Final data extraction is 
selected based on the contents of such studies that scored 
=< 2. 
 
3.2.2.2. Data Extraction 

In this portion, we responded to the Question of the 
research. We Study title, abstract, conclusion and issue 
and mitigation strategies of Architecture in SECO were 
identified and classified under various classes such as in-
terface stability, security, reliability etc., that the data are 
the data that fulfilled the purpose of our research question. 
Read the title, abstract, etc., which were discussed. 
 
 3.2.2.3. Data Synthesis 

The Architecture issues have been formed from exist-
ing 58 primary studies whose existence has been deter-
mined through SLR challenges and its mitigation. The data 
obtained in the primary studies were compared to the 
questions of the research. 
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Figure 5. Conceptual framework diagram. 
 
Table 5. Presented the SECO Architecture Issues and their Mitigation Strategies. 

Type Issue References 

Literature Review Information Sharing [4], [7], [8], [11], [14], [29], [30], [44]-[46] 
Journal Security, Reliability of SECO architecture, 

Functionality of SECO Architecture 
[1]-[3], [5], [6] 
[13], [18], [19], [26], [28], [35], [44], [46] 

Case Study Independent Platform Development [8], [12], [14]-[17], [23], [33], [35], [40], [47] 
Review Flexibility in SECO Architecture [7], [13], [16], [17], [26], [35], [41], [47]-[49] 
Case Study SECO Architectural Variability [9], [12], [13], [24], [26], [27], [48] 
journal Removing Obsolete Code  [13], [42] 
Case Study Decentralized development [25], [27] 
Literature Review Solidity of SECO Architecture [18], [20], [25], [32] 
Journal Longevity of SECO architecture  [12], [13], [18], [34], [36]-[39], [50]-[54] 
Case study Interface stability [18], [26], [36], [50] 
Literature Review Niche Creation  [7], [25], [55] 
Literature Review Integration Application [4], [5], [7], [8], [19], [29], [43]-[46], [59] 
Journal Reliability of SECO architecture 

Functionality of SECO Architecture 
[6], [31], [57], [58] 
[13], [18], [26], [28], [35], [44], [56], [60] 

Case Study Platform Openness Dilemma, Independent 
Platform Development 

[8], [11] 
[12], [14]-[17], [23], [33], [35], [47] 

 
3.2.3 Reporting the Review 

Figure 4 illustrate the temporal distribution of the se-
lected study from 2000 to 2026, showing a significant in-
crease in publication after 2015, which indicating growing 
research interest in SECO Architecture. Apportionment of 
primary literature is represented in Figure 4. 
 
3.3. Proposing conceptual framework  

The proposed conceptual model has fourteen exoge-
nous variables and six mitigation strategies. These varia-
bles have indirect effect on the SECO architecture, which 

is it is definitely a dependent variable. Mitigation strate-
gies are as demonstrated in the conceptual diagram below, 
architectural issues define the independent variables and 
the dependent variables are marked by the architectural 
issues. The proposed conceptual framework is shown in 
Figure 5. 

 
3.4. Answering the Question  

SECO Architecture issue and their mitigation strate-
gies ((RQ1, RQ2): This section offers the mitigation strate-
gies as well as the challenges concerning the SECO Archi-
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tecture that were elicited after undertaking a structured lit-
erature review. The SECO Architecture Issues have been 
displayed in Table 5. 

 
3.5. Answer of the study Question through Data Extraction 
3.5.1. (RQ3): SECO challenge 

There are various benefits of SECO, like [4]: 1) Facili-
tates software coevolution and innovation success in the 
participating organization and enhances attraction to new 
participants. 2) Reduce the redesigning and relating costs. 
3) support analysis and comprehension of software Archi-
tecture 4). Encourages collaboration and exchange of in-
formation between various independent software ven-
dors. 

The software ecosystem is also associated with nu-
merous risks and challenges in addition to numerous ben-
efits. These challenges or threats should be put more into 
consideration. Software ecosystem issues are further cate-
gorized using a number of areas, such as Architecture, 
Governance, Sustainability, Data Analytics, Dynamics and 
Evolution, and Domain-Specific Ecosystem [7]. 
 
3.5.2. (RQ4): SECO architecture challenges 

In various studies, researchers have established that 
the architectural challenges facing SECO are the most im-
portant in its structural set-up [8]. According to R. Feitosa 
[9], software ecosystem design cannot be developed with-
out factoring in social factors besides management (tech-
nical) processes and business laws. There should be com-
munication between actors and the platform that sustains 
the ecosystem. A variety of software security architectural 
issues, such as the stability of the interface, security, relia-
bility, scalability, longevity, solidity, integration applica-
tion and other mitigation measures, such as Variable, Cus-
tom, Assessment, Metrics, Framework, Sandbox and oth-
ers, have also been suggested. 

Nevertheless, the studies have not discovered or ex-
amined how the different mitigation strategies could affect 
the architectural issues that will occur after the SLR. Be-
cause of this, it may prove challenging to establish the ex-
act relation between the mitigation plans and architectural 
issues. Due to that, it is of extreme importance to trace all 
architectural issues. The proposed study will help seal this 
gap in the literature by systematically classifying all Archi-
tecture challenges and solutions and experimentally esti-
mating the impact of these difficulties and remedies on the 
software ecosystem that SECO organizations offer. 
3.6. Examining Recognized Obstacles and Methods of In-
dustry and IT Experts. 

The system of identified SECO (Security, interface 
stability, solidity etc.) SECO Architecture Difficulties and 
techniques when analyzed with the help of industry pro-
fessionals and IT professionals may serve as a valuable 
source of information about how the organizations cope 
with serious problems in modern IT infrastructure. SECO 

is an integrated methodology which takes into account the 
following factors in designing and deploying IT systems: 
security, efficiency, cost-effectiveness, and operational fac-
tors. 

 
4. Result and Findings 

The findings indicate that SECO Architecture chal-
lenges are highly interrelated rather than independent. For 
example, interface instability directly affects integration 
efficiency, while security vulnerability often reduces sys-
tem reliability. So it highlights the interdependencies 
SECO architecture challenge form a complex rather than 
isolated problem as well as mitigation strategies also 
demonstrating a many to many relationships between 
challenges and solution. 

 
4.1. Results from SLR 

This part provides the problems associated with soft-
ware ecosystem Architecture and parameters influencing 
the problems, and the remedy approaches to software eco-
system architecture as identified with the use of SLR. The 
SECO Architecture challenges and their solution measures 
have been elaborated to answer Research Q1 and Research 
Q2. The issues of SECO Architecture, along with their chal-
lenges and solution strategies, were discovered in the 
study of literature review and SLR. These problems, to-
gether with their pertinent causes and their abatement 
measures, were used after reviewing the aforementioned 
references. Among 58 reused primary studies considered 
in the SLR, issues of SECO Architecture and their solution 
measures were find out in the mentioned this study. 
 The discussion of the chosen studies states that SECO ar-
rows in architecture are very interdependent and not in-
dependent. As an example, integration problems have 
close connections with interface stability because unstable 
interfaces have a direct influence on component interoper-
ability. On the same note, the security related problems 
and the reliability problems frequently accompany each 
other due to the similarity of dependency in the distrib-
uted environment. Moreover, mitigation techniques, in-
cluding design in modules, API standardization, and 
sandboxing, deal with several issues at the same time. This 
means that the mitigation measures are systemic and not 
one-dimensional problems. In such a way, it is possible to 
note that the results reveal that there are many-to-many 
relationships between challenges and mitigation strategies 
and complexity of SECO architecture. The SECO Architec-
ture challenges has been shown along with their relative 
frequency (how much each individual was given score in 
the survey) in Table 6. 
 
4.1.1. Information Sharing 

Means that a software Ecosystem architecture can 
support growing performance, capacity and resource re-
quirements within the system.  Software  ecosystem  archi- 
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Table 6.  SECO Architecture Challenges. 

Factor Frequency 
Information Sharing 26% 
Interface stability 43% 
Integration Applications 29% 
Removing Obsolete Code 25% 
Security 57% 
Reliability of SECO architecture 53% 
Functionality of SECO architecture 32% 
Independent Platform Development 31% 
Flexibility in architecture 49% 
Decentralized development 34% 
Longevity of SECO architecture  43% 
Architectural Variability 36% 
Solidity of SECO architecture 36% 
Scalability of SECO architecture 66% 

 
tecture implies that a system is able to accommodate grow-
ing performance, capacity, and resource demand. On the 
one hand, sharing of the required information is an inher-
ent feature of software ecosystem design since it facilitates 
the communication and coordination of the software ele-
ments and interests to be instigated respectively. 

Nevertheless, there are many pitfalls which can be re-
lated with the accomplishment of successful exchange of 
information. The interoperability of various software ap-
plications and systems is one of the challenges. Various 
platforms and programming languages and data formats 
may also be contained within a software ecosystem there-
fore complicating the maintenance of the communications 
in a flowing format. This challenge can be reduced by 
standardization of protocols, APIs and data formats. 

Another important issue is the data security and pri-
vacy. The fact that most of the elements might have access 
to sensitive information results in the possibility of tam-
pering or gaining access to information without the re-
quired authorization. Thus, information protection in 
terms of strong authentication, encryption and authoriza-
tion is required to meet data protection rules. The policies 
on data governance also come in handy with regard to reg-
ulating access and usage of data in the ecosystem. 

Other than this there is the heightened complexity 
and volume of information with the increase in size of the 
ecosystem. It is possible to use distributed databases, data 
lakes, and data warehouses to process giant data. The 
more sophisticated functions of the system could be im-
plemented by the even higher existing advanced technol-
ogies such as artificial intelligence and machine learning 
because they could process and analyze data as well as 
make decisions automatically. 

 
4.1.2. Interface Stability 

Any alteration in the current software ecosystem 
structure has no impact on the capability of the other com-

ponent to interface with it. One of the major issues of soft-
ware ecosystem architecture is the stability of the interface. 
An interface is a connection between different software 
components and includes the way in which they will in-
teract with each other and how they will exchange data. 
But with the evolving ecosystem, where the elements of 
the ecosystem are upgraded and revised, the stability of 
the interfaces will be harder to sustain. Backward compat-
ibility is important for the introduction of new features or 
making changes in order to avoid delays and ensure seam-
less integration. Enhancing interdependence among com-
ponents requires scalability, thoughtful control, and effec-
tive communication to the extended degree needed to 
maintain interoperability of the related versions to avoid 
disrupting existing integrations. Dependence is one issue 
that influences interface stability. 

Components often rely on external libraries, frame-
works, or services, and this often creates a complex web of 
dependencies that results in a software ecosystem. Altera-
tions to a component may affect the stability of the inter-
faces on which a dependent component relies. In order to 
avoid compatibility issues caused by problems and ensure 
the interface stability, it becomes necessary to handle de-
pendencies and ensure that various versions are compati-
ble.  The solution to this issue is provided by the help of 
effective dependency management methods such as pack-
age managers, version pinning, and automated testing. 
Furthermore, a separate set of governance and communi-
cation systems within the software ecosystem should be 
developed to maintain stability in the interface. The high-
quality change management procedures, versioning rules, 
and feedback can ensure the creation of a high-quality in-
terface that is stable across the software ecosystem archi-
tecture through effective coordination and decision-mak-
ing. 
 
4.1.3. Integration Applications  

In order to accomplish a successful software environ-
ment, software architectures provide the relationship be-
tween different applications and systems with the SECO. 
The process that determines interactions between systems 
and applications is called software ecosystem architecture. 
Another valuable component is integration that enables 
the data sharing, communication and coordinated opera-
tions of the various software components: 

 
1) Interoperability: Interoperability is one of the ob-

jectives of software ecosystem architecture. It as-
sures that various components are able to com-
municate and meet with the rest. This is by includ-
ing common interfaces, APIs and common data 
formats. 

2) Data Integration: Service-Oriented architecture 
(SOA) aids in the integration by highly isolating 
functionality in easy to reuse autonomous services 
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across applications. The mobile API integration is 
also another significant variable because it enables 
the units to communicate, and API gateways ena-
ble it to be managed, tracked, and secured. In mi-
cro services architecture, the applications are di-
vided into small discrete services and they interact 
with the help of APIs. This makes it easy to incor-
porate, scale, integrate and update without im-
pacting on the entire system. 

3) Event-Driven Architecture (EDA): EDA offers real 
time interaction of components. It allows systems 
to respond dynamically to events and the demar-
cation barriers that exist between the different 
components of the ecosystem to be ambiguous. 

4) Middleware: Middleware is made up of integra-
tion platforms and message brokers which sup-
port communication between various systems. 
They facilitate sharing of data and achieve coordi-
nation of activities in the ecosystem. 

 
4.1.4. Removing Obsolete Code 

An obsolete code is software code that is no longer 
required or of use in the present software ecosystem. An 
essential part of maintaining a modern and functioning 
ecosystem is the elimination of problems regarding the Ar-
chitecture of old software ecosystems. The deployment of 
old parts, technology or processes may slow down the de-
velopment, increase maintenance expenses and lead to 
compatibility issues. One of the challenges of disposing of 
the old parts is legacy system integration. Most software 
ecosystems already have long-running setups of legacy 
systems that are hard to upgrade. Such systems often have 
complicated dependencies and are not compatible with 
newer technologies. A rigorous migration strategy involv-
ing partial decommissioning and compatibility lay-
ers/middleware can solve this problem and phase out old 
components as disruptively as possible. 

Precautions of backward compatibility and the mini-
mization of the effect on existing users are other chal-
lenges. The interfaces, APIs, and data formats need to be 
modified to eliminate outdated software ecosystem ele-
ments. To ensure that customers are not left waiting, it is 
thus important that current users are adequately trans-
ferred to avoid delays in the process. It is easy to accom-
modate the change and decrease the possible problems 
through proper documentation, effective communication 
and support throughout the migration process. The organ-
izational opposition and inertia may also serve as a hin-
drance to the removal of outdated software ecosystem de-
sign. The people who are accustomed to the existing sys-
tem and practices will not be open to change. 

To address this resistance, it will need effective 
change management plans such as benefits that are well 
communicated, participation by key stakeholders in deci-
sion process, and training procedures that help the users 

become familiar with new technology and practices. To 
overcome organizational resistance and facilitate the re-
moval of the outdated elements as the elements of the soft-
ware ecosystem architecture, encouraging the culture of 
innovation and agility might also prove helpful. 
 
 4.1.5. Security of SECO Architecture 

This includes the protection of the hardware, soft-
ware, networks, data and the individuals who are operat-
ing in the SECO. Since many of the elements are related, 
and the potential risks of data breaches, unauthorized ac-
cess, and malicious attacks may be high, security is one of 
the important concerns when developing software ecosys-
tem architecture. To be able to deliver credible security in 
the SECO, several issues shall be resolved. It is a problem 
in itself, the complexity of the ecosystem. The numerous 
interdependent elements within the ecosystem mean that 
weaknesses in a given element can influence the other sys-
tem. Strict security testing, vulnerability testing, and pen-
etration testing are essential to detect and resolve any de-
fects and security vulnerabilities. SECO, the software eco-
system, may not be able to ensure security in most of the 
technologies, platforms, and programming languages. 
Every technology may possess distinct security weak-
nesses and mitigation. Ensuring that security measures are 
applied uniformly and keeping up with updates on secu-
rity as they arise can be challenging and time-consuming 
to operate within the system.  

The solution to this issue can be provided through the 
introduction of security frameworks, rules, and regula-
tions that ensure a range of technologies and the enforce-
ment of compliance. Moreover, it is important to ensure 
that data security and communication are guaranteed in 
the software ecosystem. Components often handle sensi-
tive data and information, and it is based on this consider-
ation that questions arise of privacy, confidentiality and 
integrity. Sensitive data should be safeguarded by means 
of access control, secure communication channels, and 
powerful encryption algorithms used throughout the 
transfer or storage of the same. 

 
 4.1.6. Architecture Reliability 

Means the capability of software Ecosystem architec-
ture to be reliable and dependable in performance over 
time. Reliability is another significant issue in the architec-
ture of a software ecosystem since it directly affects its user 
experience and overall functionality. A good software eco-
system must surmount several challenges. To begin with, 
it may not be easy to maintain compatibility between dif-
ferent components, as well as control dependencies. En-
suring that the new parts adequately interface with the old 
ones is getting more and more essential as the ecosystem 
grows and additional components are introduced. In this 
regard, version control, comprehensive compatibility test-
ing, and dependency documentation are important to 
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maintain reliability and prevent compatibility issues 
which may lead to system failures. A software ecosystem 
architecture, as well as SECO, must be fault-tolerant and 
resilient.  

The elements that make up the ecosystem can either 
malfunction or face downtimes due to various reasons, 
such as the crash of hardware, network issues, or bugs in 
the software. Redundancy strategies, which include 
backup systems, load balancing and failover processes, are 
implemented to help ensure constant availability as well 
as mitigate the impact of failures. Moreover, it is possible 
to establish effective monitoring and alerting mechanisms 
that will help to detect issues at a very fast rate and rectify 
them, which leads to a higher level of reliability. Besides, 
the software ecosystem Architecture encounters problems 
when it comes to data consistency and integrity.  

The importance of integrity and consistency of data 
increases with its transfer to different components. Incon-
sistent data may lead to data corruption, errors, and inac-
curate outcomes. Progressing holistic data validation strat-
egies, the use of transactional processing, and the use of 
data synchronization measures would assist in guarantee-
ing data integrity and uniformity throughout the ecosys-
tem. 

 
4.1.7. Software Ecosystem Architecture Functionality 

Software ecosystem architecture functionality is the 
set of features, capabilities, and behaviors that a software 
system has been programmed to handle. Software ecosys-
tem Architecture should pay attention to functionality 
since it influences the abilities and performance of the eco-
system. Nonetheless, several challenges could be encoun-
tered when deploying and maintaining a common opti-
mum functionality. The first one is that the integration of 
numerous elements with many functionalities may be 
challenging. All components may have a different set of 
functionality, APIs and data formats. In order to provide 
simple communication and exchange of data, smoothly 
connecting and integrating components with varying 
functionality requires proper planning, threshold stand-
ards, and high volumes of testing.  

It is challenging to coping with the functional com-
plexity of the ecosystem, SECO. As the size of the ecosys-
tem increases, so does the number of components included 
in the ecosystem and their functionality, which forms a 
more complex system. The interactions, dependence, and 
behavior of various components may not be easy to under-
stand and control. The concepts of abstraction, encapsula-
tion and modular design can help in lessening the system 
complexity and hence make it easier to manage and main-
tain. Efficient record keeping and knowledge sharing pro-
cess also enable developers and users to understand the 
features and abilities of different components of the eco-
system. 

Also, a software ecosystem design should ensure the 
scalability and adaptability of the functionality. The func-
tionality should have the potential to ensure its expansion 
and adaptation in case of a change in the ecosystem and 
the changing needs of the user. It is possible to support fu-
ture upgrades and changes with the help of designing 
components and APIs that are flexible, scalable, and easily 
changeable. Effective resource allocation can be achieved 
by the implementation of scalable infrastructure, includ-
ing cloud computing and containerization, which enables 
feature requirements to adapt to the changing nature. 

  
4.1.8. Independent Platform Development 

It is a programming feature meaning whether a plat-
form is reliant on any certain operating system or hard-
ware platform or not. Platform independence is a major 
challenge because software ecosystem Architecture at-
tempts to provide the ability to have software components 
work well in a large number of platforms, operating sys-
tems and devices. Platform independence involves the 
challenges that are broken. To begin with, managing plat-
form-specific dependencies may be difficult. Components 
might have to comply with special specifications, APIs or 
platform software frameworks. Abstraction layers, plat-
form-neutral APIs, and platform-neutral components can 
be used to reduce platform dependencies and enhance be-
tween-platform information portability. 

SECO, and sometimes it is hard to ensure consistent 
performance and behavior on different platforms. The 
platforms can consist of different hardware constraints, re-
source constraints, or performance properties. This is es-
sential in order to optimize components to cross platform 
performance and also adapt components behavior based 
on the capabilities of the underlying platform. This issue 
can be addressed and coherent conduct and execution in 
numerous platforms through measures such as perfor-
mance profiling, resource management and platform-spe-
cific optimizations. Also, having platform compatibility 
and upgrades is fundamental to platform independence. 
Platforms change with time; new releases might introduce 
changes or the outgrowth of certain functionalities. Plat-
form independence is ensured by making sure that soft-
ware components are made compatible with new platform 
versions, by conducting consistency testing on a regular 
basis, and by tracking platform upgrades. Best methodol-
ogies to address this issue are to have version control, 
adopt agile methodologies in development and remain up 
to date with the upgrades of a platform by developer net-
works and forums. 

 
4.1.9. Flexibility of SECO Architecture 

Means the capability of a software Ecosystem archi-
tecture to change and evolve in response to external re-
quirements of the SECO. With SECO Architecture at-
tempting to make sure that software components can work 
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efficiently, regardless of numerous platforms, operating 
systems, and devices, platform independence is one of the 
challenges. Platform independence comes with breaking 
an array of challenges. To begin to handle platform-spe-
cific dependencies may be a hard task. The components 
might be required to conform to distinct platform require-
ments, APIs, or platform software systems. Platform Non-
portable application components can be minimized and 
cross-context portability enhanced through abstraction 
layers, platform-neutral APIs and platform-independent 
components. 

SECO, it may be challenging to ensure that there is 
uniform behavior and performance across platforms. Plat-
forms can be known to have different hardware or re-
source constraints, or performance properties. It is im-
portant to make the components as cross-platform as pos-
sible and change the behavior depending on the features 
provided by the underlying platform. The solution to this 
issue may be the strategies such as performance profiling, 
resource management, and platform-specific optimiza-
tions, which can resolve this issue and ensure that the be-
havior and performance of various platforms are similar. 
Also, platform independence requires platform mainte-
nance and updates.  

Platforms change with time, and releases can carry 
with them changes or stagnate certain features. Platform 
Independence is ensured by keeping software compo-
nents compatible with new versions of the platform, car-
rying out frequent compatibility tests, and keeping track 
of platform upgrades. Some of the best strategies to over-
come this issue are the utilization of version control and 
the application of agile development techniques and stay-
ing at par with platforms by joining developer networks 
and forums. 
 
4.1.10. Decentralized Development SECO Architecture 

Where various development teams are engaged in 
working independently on various sections of the SECO 
Architecture. The Structure of the SECO Architecture has 
a barrier with regard to the decentralized development 
since it requires the integration of the activities of many 
teams or contributors who can be geographically dis-
persed or work individually. To ensure effective coopera-
tion and coordination, several concerns that this strategy 
has brought about should be addressed. First, it is vital to 
make sure that there are similar standards and directives 
in the decentralized teams. A team can have development 
procedures, coding fashions and quality control proce-
dures of its own. Unity can be ensured, and the interaction 
between different elements in the ecosystem can also be 
ensured through the creation of clear principles, conduct-
ing regular code reviews, and implementing continuous 
integration processes. 

 Cooperation and communication are complicated by 
a decentralized development paradigm of SECO. The 

communication way, work hours, or location can be dif-
ferent and in various time zones in cases of teams. Over-
coming communication problems requires proper collab-
oration tools, frequent meetings or video conferences, and 
formulated communication norms. To ensure the effective 
coordination of the work of decentralized teams, the cul-
ture of openness, promotion of knowledge exchange, and 
fostering the feeling of teamwork are also essential. More-
over, it is important to have the efficient version control 
and change management within a decentralized develop-
ment architecture. 

 When the various teams are handling different parts 
or modules concurrently, there is need to have versions of 
the code, conflicts to be resolved and changes appropri-
ately traced. To address this problem and administer and 
introduce changes in the Architecture of the software eco-
system, auto-testing and deployment processes, branch-
ing, and merging methods, and version management sys-
tems may be proposed. 

 
4.1.11. Longevity Software Ecosystem Architecture 

An ecosystem that remains pertinent and practical 
over an extended duration is called longevity of the SECO. 
Longevity is a major setback to the Architecture of the soft-
ware ecosystem since it is expected that the software sys-
tems should last long, yet technology is rapidly changing. 
One of the challenges is to be compatible with new plat-
forms and technologies. Systems software, the software 
ecosystem may grow out of date or out of support as un-
derlying technologies, programming languages, and plat-
forms become outdated. To ensure that the ecosystem is 
compatible with the new technologies and meets the mar-
ket evolution, periodical upgrades, restructuring, and mi-
gration techniques are needed. Backward compatibility is 
yet another challenge, and new features and upgrades 
must be added to the current product. More parts or ver-
sions can be added during the development of the ecosys-
tem to enhance functionality or fix security vulnerabilities. 
Nonetheless, sometimes, it may be challenging to ensure 
that the upgrades do not interfere with integrations that 
are already in place or create compatibility issues.  

This obstacle can be minimized and the continuity of  
user can be provided on the foundation of the current eco-
system that is being supported by version systems, record-
ing the changes, and offering the migration paths or com-
patibility layers. The technological debt and legacy system 
is the long term challenge of SECO Architecture. Technical 
debt can accumulate in older systems, and it is harder to 
maintain and update them. The legacy systems may be ei-
ther not well documented, use an old codebase, or use out-
dated technology. To ensure that the old systems are vari-
able and consistent with emerging demands and technol-
ogies, very often, handling them requires some planning, 
refactoring, and embracing modernization efforts. 
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4.1.12. Architectural Variability 
The capability of software ecosystem to offer several 

architectural solutions to a specific problem or group of 
problems. Software ecosystem architecture is challenging 
because it has to fit a range of architectural ideas, design 
paradigms, and implementation strategies. These chal-
lenges involved in managing the compatibility and the 
complexity of different architectural variations. Ensuring 
compatibility and the smooth integration may be tricky 
since every single component of the ecosystem may pos-
sess its own architectural needs and constraints. The solu-
tion to this issue is possible through ensuring uniformity 
and interoperability across the ecosystem through the ap-
plication of architectural standards, all-around-the-clock 
tests of compatibility, and specifying clear and focal rules 
of architecture choices.  

Another challenge is the continuation of documenta-
tion and sharing of knowledge concerning the different ar-
chitectural variations. In cases where the architectural var-
iations are numerous, there is need to have the right doc-
umentation that defines the justification, design principles 
and best practices that are associated to each architectural 
variation. Moreover, the ecosystem can also better under-
stand and accommodate a wide variety of architectural 
variants through promoting the exchange of knowledge 
among developers, running frequent training sessions, 
and establishing communities of practice. Also, software 
ecosystem Architecture can be hard to ensure its extensi-
bility and scalability due to architectural diversity. The 
surrounding conditions must be adaptable to accept the 
change of existing buildings or the outbreak of various ar-
chitectural types in future. This can be addressed through 
extensible architectural designs, scalable infrastructures 
and modular design principles. The ecosystem can also ex-
pand and adapt to the changing demands and technology 
by fostering a culture of change and continuous improve-
ment of the ecosystem. This helps in the investigation of 
new architectural strategies. 
 
4.1.13. Solidity of SECO Architecture 

Means that a Software Ecosystem Architecture or 
structure is strong, stable, and durable. This is a computer 
code that is specifically designed to be used to write smart 
contracts on block chain platforms. Although Solidity of-
fers major problems in terms of the Architecture of soft-
ware ecosystems, it has its own peculiar opportunities to 
construct decentralized apps. To begin with, the issue of 
security is of utmost priority when working with Solidity. 
The need for writing secure smart contracts requires an 
understanding of block chain security attacks, such as in-
teger overflow/underflow attacks and reentrancy attacks. 
Another requirement is to audit and identify any possible 
weaknesses in the Solidity code that might create the risk 
of contract hacking or losing money. To successfully cope 

with these challenges, it is essential to perform critical se-
curity audits, utilize security analysis tools and follow best 
practices in secure coding. 

SECO, which collaborates with Solidity, can enhance 
interoperability. The gap between different platforms 
needs to be closed with the help of cross-chain technology, 
interoperability standards, and clearly defined APIs to al-
low free integration. It is a problem that can be addressed, 
and the integration of Solidity-based systems with other 
ecosystems can be enhanced with the help of interopera-
bility frameworks, such as Polka dot or Cosmos and fol-
lowing the established contract interfaces. Besides, Solid-
ity is dynamic, which complicates versioning and back-
ward compatibility problems.  

The modifications, new features, and discontinuities 
to Solidity are implemented with new versions. This may 
complicate the operations of already operational smart 
contracts, particularly with new Solidity versions. The 
need to ensure backward compatibility and provide 
straightforward migration paths for the existing contracts 
emerges to ensure that the existing systems do not inter-
rupt and the ecosystem continues to work as intended.  

 
4.1.14. Scalability of SECO Architecture 

Meaning Refers to the capacity of a software Ecosys-
tem architecture to withstand growing requirements in 
terms of the performance, ability, and resources of the sys-
tem. Software ecosystem Architecture has to consider 
scalability because it cannot withstand high workloads, 
grow with more users, and meet new demands. The issue 
of acquiring scalability, however, poses several problems 
which need to be addressed. To begin with, it may be dif-
ficult to keep the scalability of individual ecosystem com-
ponents under control. Some of these elements can become 
bottlenecks as the system scales, forcing the overall func-
tionality of the ecosystem to scale. These components can 
be identified and optimized, caching approaches can be 
implemented and load balancing or distributed compu-
ting can be employed to eliminate component level scala-
bility problems. 

SECO and inter-component connections and interac-
tions should be attended to ensure that the system is scaled 
in general. The intricacy of information transmission and 
communication among the components increases with the 
maturing of the ecosystem. It will be crucial to ensure that 
the relations scale effectively. In order to eliminate this 
problem and enhance the overall scalability of the ecosys-
tem, one can use loosely linked components, asynchro-
nous messaging systems, as well as scalable data storage 
and retrieval mechanisms. 

Another challenge towards scalability is the good 
management of resources. More commonly, additional 
computational resources such as servers, storage, and net-
work infrastructure are packed in order to scale up the eco- 
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Table 7. SECO Architecture Issues Solution Strategies. 

Factor Frequency 
Variable design decisions 41% 
Custom designs based  37% 
Assessment of ecosystem Health 40% 
Metrics 33% 
Framework 46% 
Sandbox 32% 

 
system. Nevertheless, to avoid wastage and ensure opti-
mal performance, resource allocation, monitoring and uti-
lization are highly required. 

 
4.2. Mitigation Results from SLR 

While globally developing, SECO development is a 
very important and basic factor. The software ecosystem 
issue has a sub factor, SECO Architecture issue, which in-
fluences the development of SECO across the world. This 
has been overcome by different mitigation strategies [18]-
[20]. Factor and their frequency (How much score was 
given by the expert in the survey that is suitable solution 
or not) as given. Table 7 provides mitigation strategies that 
reduce the issues of the software ecosystem Architecture. 

 
4.2.1. SECO Architecture Mitigation Strategies. 

There are numerous architecture challenges mitiga-
tion strategies well which are discussed in detailed bellow. 
 
4.2.1.1. Variable Design Decisions 

The variability and flexibility of the design choices 
undertaken regarding different parts of the ecosystem are 
what are defined as variable design choices in the architec-
ture of the software ecosystem. Even though variability 
has two positive characteristics in the form of adaptability 
and customization, there exist disadvantages. These chal-
lenges necessitate mitigation strategies to adequately deal 
with them. Originally, flexible design decisions are man-
ageable by being simplified through standardization and 
the division of design into modules. The uniformity and 
compatibility of the ecosystem is encouraged by the com-
position of common design patterns, interfaces and coding 
methods between the components. This ensures that inte-
gration is made easier, reduces complexity and simplifies 
maintenance. Moreover, by adopting a modular approach, 
functionality can be encapsulated, and concerns can be 
separated, which simplifies their management and the im-
petus of the particular components without disturbing the 
entire ecosystem. 

The key to reducing issues associated with the design 
selection of variables lies in SECO and in-depth documen-
tation and information sharing. In the case of various com-
ponents, design decision documentation, Architecture de-
cision documentation and dependencies are provided to 
provide context and clarity to the development team of the 
various components. Data and design justification can also 

be shared effectively, less uncertainty created, and group 
communication encouraged by means of collaborative 
technologies or by building a central knowledge base. It is 
also possible to use regular code reviews and technical 
presentations as the means of striking the right balance in 
terms of design choices and reducing inconsistencies. 
Also, to deal with the problems caused by wavering de-
sign decisions, it is critical to design effective channels of 
communication and collaboration.  

Communication simplicity between stakeholders, ar-
chitects and development teams allows communication 
and consultation decision making. Through frequent 
meetings, arguments, contestations and feedback, design 
decisions can be elucidated, potential conflicts can be iden-
tified, and issues tackled. Good collaboration systems and 
tools offer real-time communication, version control, and 
the ability to trace design decisions, which can be used to 
mitigate the challenges caused by an assortment of design 
choices. 
 
4.2.1.2. Custom Designs Based 

Mitigation technique-based custom designs are vital 
in addressing the challenges in the architecture of the soft-
ware ecosystem. Custom designs may involve develop-
ment of standardized protocols, APIs and data format that 
are particularly tailored to the needs of the ecosystem to 
resolve interoperability problems. The problems of in-
teroperability can be easily addressed through the creation 
of a specific design that can foster simplified communica-
tion and integration. In line with this, it is possible to en-
hance security through the application of unusual designs 
in the context of the software ecosystem. This could in-
volve developing special access privileges, encryption 
procedures, and authentication procedures that comply 
with the specific security requirements of the ecosystem. 
Weaknesses may be addressed with the aid of custom se-
curity designs to help protect sensitive information, de-
fend against dangers of unauthorized access, or data 
breaches. Scalability issues in the software ecosystem ar-
chitecture can also be addressed using custom designs. 
This can include coming up with distinctive architectural 
designs that aid allocation of resources that are horizontal 
and can scale up and down without much difficulty, like 
with micro services or containerization. In order to make 
sure that the system will be able to cope with the growing 
workloads and accommodate growing user numbers, one 
can also consider such custom design solutions as caching 
strategies, load balance strategies, and scalable data stor-
age solutions. 
 
4.2.1.3. Assessment of Ecosystem Health 

To critically detect and overcome the hurdles facing 
the software ecosystem architecture, there is need to take 
into consideration the wellbeing of a software ecosystem. 
Tactics can be employed to test and sustain the well-being 
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of a software ecosystem by taking several approaches. To 
begin with, periodical examinations and evaluations of the 
components of the ecosystem, its dependencies and inter-
faces may help find possible weak points, snags in perfor-
mance or can be used to find outdated technology. By pe-
riodically assessing the health of the ecosystem, the stake-
holders will be able to correct any shortcomings proac-
tively, equip themselves with the necessary changes and 
replacements and ensure the ecosystem as a whole is 
healthy. 

Secondly, proper monitoring and logging mecha-
nisms should also be established to ensure an order of 
keeping track of the functionality and performance of the 
ecosystem. Monitoring tools may provide insight into the 
use of resources, response times, the frequency of errors, 
and other significant variables, leading to identifying is-
sues and providing their resolution within a short time. 
Logging helps collect the relevant data about incidents, er-
rors, and user interaction that makes troubleshooting and 
analysis easier. By implementing large-scale monitoring 
and logging methods, the stakeholders can gain access to 
the health of the ecosystem and take corrective measures 
to maintain optimal performance and manage any poten-
tial concerns. 

Moreover, the culture of cooperation and constant 
evolution should be developed in order to overcome the 
challenges during the design of the software ecosystem. 
Opportunities to enhance the situation and address any 
emerging concerns can be identified more easily if devel-
opers, system architects, and end users are made to com-
municate freely and give feedback. Regular meetings, ret-
rospectives, and cooperative problem-solving sessions 
should improve the health of the ecosystem because these 
activities will enable stakeholders to exchange ideas, dis-
cuss possible solutions, and collaborate. Software ecosys-
tems can be effective in dealing with the issues, neo-ad-
justing to changing needs, and staying long-term healthy 
and sustainable by developing a culture that emphasizes 
learning, creativity, and collaboration. 
 
4.2.1.4. Metrics 

Measures, which provide impartial measurements 
and insights that can be used to make decisions and help 
monitor progress, are important in lessening the problems 
of software ecosystem design. The following are some of 
the ways metrics can be used to address these problems: 

a) Compatibility and interoperability: It is possible 
to measure the compatibility and interoperability 
between different components of an ecosystem 
using metrics. By monitoring the number of suc-
cessful integrations, compatibility issues, or 
failed interactions, teams can see where they can 
develop and set priorities on enhancing the level 
of interoperability. Also, it is possible to observe 
compatibility measures during component up-

date or change over to ensure backward compat-
ibility and minimize interrupts. 

b) Security and Dependability: The security and sta-
bility of the ecosystem can be assessed with the 
help of metrics. Tracking measures on security 
breaches, systems malfunctions, and vulnerabili-
ties could help identify possible weaknesses and 
areas to work on. The uptime, reaction times, or 
error rates can be monitored and information 
given regarding the reliability and performance 
of the ecosystem. These metrics can be applied to 
guide the use of security measures, fault toler-
ance methods, and performance improvement to 
enhance security and dependability. Scalability 
and flexibility. 

c) Adaptability and Scalability: Measures can be 
used to determine the adaptability and scalability 
of the ecosystem. Information on the possibility 
of scaling and areas that require scaling efforts 
can be provided in response times, re-source us-
age, or capacity measurements. One can measure 
the adaptability of the ecosystem by monitoring 
metrics that reflect the ease with which the differ-
ent components can be revised to include new 
functionality or be reconfigured according to the 
demands. These measurements can be used to 
make an informed decision about scaling strate-
gies, architecture change, or technological change 
to achieve greater flexibility and scalability. 

 
4.2.1.5. Framework 

Frameworks are also important in reducing the ills of 
the software ecosystem architecture by providing a sys-
tematic and standardized way of development and inte-
gration. The following are some of the strategies structures 
can apply in dealing with these problems: Interoperability 
and standard-based practices: Structures often provide a 
set of pre-defined interfaces, protocols, and standards that 
facilitate communication between different parts of the 
ecosystem. By meeting these standards, developers can 
guarantee compatibility and smooth integration, as well as 
reduce the complexity of integrating dissimilar platforms 
and technologies. 

 Frameworks often include practices, standards, as 
well as design concepts that facilitate solutions to the com-
mon problems and promote ethical practices in SECO Ar-
chitecture. The recommendations will help programmers 
to escape the hassle that could arise on a regular basis, en-
sure good code, and improve the reliability and maintain-
ability of the software ecosystem architecture. They pro-
vide options of load balancing, horizontal scaling, and var-
iable configuration techniques and thus are easier to adapt 
the ecosystem to the evolving demands and to handle in-
creasing workloads.  
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Structures that promote extensiveness and modular-
ity render it easy to add new features or components. 
Community and support: Structures often have lively 
communities with support forums where the developers 
can ask questions, educate themselves and cooperate with 
other developers to resolve issues. They provide trouble-
shooting forums, documentation and helpful tools, and 
these communities have shown to be of assistance to the 
developer upon breaking barriers and fixing architecture 
problems. 
 
4.2.1.6. Sandbox 

Sandboxing is an isolation technique which enables 
software components to execute in a restricted setting 
without damaging the rest of the software ecosystem. It is 
commonly applied as a part of mitigation measures to 
overcome the complexity in architecture, security threats, 
and compatibility issues. With the implementation of a 
new or changed part within a sandbox, the developers 
have an opportunity to measure its behavior, functional-
ity, performance, and how it will integrate with other 
modules prior to deployment. This isolation is beneficial 
in the scan of defects, conflicts, and unforeseen interac-
tions in the early stage, thus safeguarding the health of the 
live ecosystem. Security-wise, sandboxing restricts the ef-
fect of the potentially dangerous or vulnerable programs 
since any type of malicious programming can be kept in 
the isolated system, and thus it cannot extend throughout 
the system. Also, the sandbox environments allow version 
control and dependency management because multiple 
component versions can be tested separately.  

This makes sure that the updates, changes, or new re-
lease will not interfere with the currently available func-
tions in the ecosystem. Sandboxing enhances the architec-
tural robustness via measured experimentation, risk man-
agement, and compatibility testing, and promotes the sus-
tainable development of ecosystems of software applica-
tions. 
 
5. Conclusion and Future Work 

Most software organizations have been carrying out 
their development practices in the SECO environment in 
recent years. The existing literature has shown that the 
problem of Architecture is among the critical problems in 
SECO, and it is growing increasingly complex as time pro-
gresses. The current imminent growth in SECO motivated 
us to define the architecture issues that are having a great 
influence on the SECO environment. Hence, the SLR has 
been conducted in a bid to determine the factors that influ-
ence Architecture in SECO and mitigation and the concep-
tual framework has been proposed. 

 The identified factors and mitigation based on the re-
sults of SLR fall under respective categories, which include 
Interface stability, Integration Applications Removing Ob-
solete Code, Security, Reliability of SECO architecture, 
Functionality of SECO architecture, Independent Platform 
Development, Flexibility in architecture, Longevity of 
SECO architecture, Architectural Variability, Solidity of 
SECO architecture, and mitigation of the factors. The fu-
ture direction of work will be to rank these challenges and 
alleviate them to the Numpy or ANP algorithm to find 
which challenge is the most critical and which challenge is 
the most effective mitigation of the challenges.
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