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11 Conclusion 

This chapter concludes this research work by presenting its main contributions and furthermore 
points to future work that could be performed to continue this research project to further extend 
the results obtained. 

11.1 Conclusions 

The current nature of the business environment of the software industry pushes the software 
industry organizations to be open to change, and therefore be more flexible and adaptable. A 
trending way that may guarantee to “be open to change” is demonstrated in the Agile Software 
Development (ASD) paradigm, which could be expended to the field of Software Product Line 
Engineering (SPLE). Consequently, an emerging paradigm, “Agile Product Line Engineering 
(APLE)”, has been proposed with the aim to reduce the big upfront design, usually practiced in 
SPLE, and to make the development processes of the product-lines more flexible and adaptable 
to the current changing environment. This thesis directly addresses the core objective of 
“Proposing an Agile Product Line method”. 

Evidently, there are several reasons that encourage companies and organizations to 
move toward the adoption of Agile Product Line (APL) methods. However, there are several 
potential challenges and risks associated with the adoption of an APL method. It was concluded 
that the applicability of agile methods for Application Engineering (AE) seems to be highly 
feasible. Nevertheless, the applicability of agile methods to Domain Engineering (DE) is still 
challenging and requires more effort, especially when considering traceability and challenges 
faced by the Product Line Architecture (PLA). 

 Reviewing the relevant scientific works and practical case studies in the field of APLE 
has highlighted the different scenarios of combining agile methods and SPL approaches. Some 
studies have proposed APL methodologies, in which the SPL is used as the main process; where 
the integration starts from SPL, and then agile practices are added. Other studies have proposed 
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APL methodologies in which ASD is considered as the main development process, where the 
integration starts from the agile method, and SPL practices are added. Moreover, the reviewed 
research works have acknowledged that the main advantage of the APL paradigm is that SPLE 
could be applied to volatile markets, where changes cannot be easily predicted. In addition, 
SPLE could be supported by agile methods to develop large-scale product families. The main 
issue related to combining ASD with SPL is to identify the right level of flexibility, according 
to the business objectives. The level of flexibility is, thus, a key element in determining whether 
the approach combines SPLE and ASD at the strategic level, or adopt SPLE at the strategic 
level and ASD at the tactical one. Accordingly, the APL approach can be applied to real projects 
only if adequate guidelines are provided on the activities, people, and work-products involved 
in the project. A software development methodology can satisfy this need; consequently several 
attempts have been made to propose practical APLE methodologies. 

 Through this thesis, it was aimed to define a new APL method that presents agile 
processes, support mechanism, and requirements engineering (RE) techniques. Where the 
targeted APL method takes advantage of the strengths of the studied APL methodologies and 
overcomes their weaknesses. When designing a new APL process, first, the basis of the new 
process should be selected (i.e. start with SPL or ASD). Second, if the basic process is a SPL 
one, the type of the SPL architecture should be selected (i.e. COPA, KobrA, FORM, etc.). 
Third, an agile method or a hybrid of agile methods should be selected for the combination. 
The proposed APL methodologies consist of two integral parts. The first one is dedicated to 
requirements engineering and the second one is dedicated for the development process. 

In this thesis, a Feature-Oriented Agile Product Line method called “Agile Framework 
for managing evolving Software Product Lines – AgiFPL method” was proposed. AgiFPL 
targets the development process part. The proposed process consists of a set of units of work 
(activities, tasks, steps), guidelines, roles, and work-products that allow the people involved 
(experts, owners, developers, stakeholders, etc.) with the Software Product Line (SPL) to 
perform the development processes of Domain Engineering (DE) and Application Engineering 
(AE) aligned with Scrumban and Scrum practices. AgiFPL has indeed presented a Scrumban-
inspired process for the DE tier and a Scrum-inspired process for the AE tier. Scrum was 
adopted as it is considered the mainstream method within development teams, and its practices 
fit the AE process by handling feedback, iterativeness, incrementally, and adaptability in a 
systematic way. Scrumban was adopted, as it ascribes more importance to the requirements 
engineering part than any other agile methodologies; it establishes a structure of limited number 
of “Production Lines” within its development process. It is furthermore commonly used for 
maintenance projects, where it helps to deal with the traceability issue in the DE tier. 

For the requirement engineering part, this thesis has proposed an Integrated 
Requirements Engineering framework for Agile Software Product Lines, which is the part  
providing the syntax and semantics used for expressing the products of an APL method. The 
aim is to allow analysts and developers to specify requirements that precisely capture the 
stakeholder’s needs and intentions, as well as to manage product line variabilities. 

 AgiFPL method was validated and put into practice through an assessment model (i.e. 
AgiPL-AM), a Criteria-Based Evaluation, and an industrial case study (i.e. TranslogisTIC 
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project). The case study has demonstrated the applicability of the proposed Agile Product Line 
methodology (i.e. AgiFPL) onto the establishment of Agile Product Lines for the “Transport 
and Logistics” Domain. Precisely, the application of AgiFPL in Domain Engineering (DE) and 
Application Engineering (AE), onto the development of an Outbound Logistics Collaborative 
Platform, was presented. By this case study, it was shown that the Scrumban-inspired process 
for DE and Scrum-inspired process for AE have been highly comprehensive for the different 
people involved. It was observed that the continuous feedback, appropriate iterativeness, and 
high level of adaptability have eased the communication between the various established roles, 
as well as the improvement of productivity of the development teams. 

The Criteria-Based Evaluation (CBE) has allowed for the identification of the anatomy 
of the AgiFPL method, as well as its strengths and weaknesses. The CBE has demonstrated that 
the AgiFPL method is a well-constructed Agile Product Line methodology and has respected 
almost all the principles and objectives required from an Agile Product Line methodology. 
However, some improvements are still required, especially for issues related to traceability, 
consistency management, large organizations, and support tools. Moreover, the AgiPL-AM 
model has allowed the evaluation of the agility level of the AgiFPL method. The result of the 
assessment, using AgiPL-AM, has shown that AgiFPL method is strongly agile and has 
successfully combined the agile principles with SPLE principles. 

11.2 Main Contributions 

This dissertation has contributed mainly to the field of APLE. The research project has 
advocated an Agile Software Product Line method in order to help professionals, especially 
professionals of SPLE community, as well as the ASD community as a whole. In fact, the core 
contributions of the research work that belong to this thesis have included: 

 A multi-evaluation of the Agile Product Line Methodologies with a strong focus on their 
phases, optional and essential work-products, development processes, as well as the 
whole lifecycle; 

 An adequate definition for “Agile Software Product Line Engineering” (APLE). A 
definition that fits the undertaken research project; 

 A new Feature-Driven APL method called AgiFPL, which presents iterative and 
incremental development processes Software Product Lines. It furthermore presents a 
detailed description of the processes, practices, roles, artifacts, communication 
channels, etc.; 

 A Three-phase approach showing how the AgiFPL approach has to be implemented 
incrementally. The period of implementation depends on the size or the type of the SPL 
Company (or organization); 

 An Integrated Requirements Engineering framework for Agile Software Product Lines 
that allows analysts and developers to specify requirements. The RE framework was 
formalized and a meta-model was introduced; 
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 An assessment model called AgiPL-AM to assess the current situation regarding the 
combination of agile practices and activities with Software Product Lines. This 
assessment is considered as an essential step towards a successful integration of agile 
methods into Software Product Lines; 

 The demonstration of the applicability of AgiFPL and its concepts introduced for the 
different development processes onto a real case study: the TranslogiTIC project. 

11.3 Future Work 

Future improvements and contributions could be made on the basis of this dissertation. The 
contributions of this thesis have presented a qualitative leap in the field of Agile Software 
Product Line Engineering (APLE). However, these contributions have to be completed, 
extended, and improved upon at different levels in further work. 

− The AgiFPL method takes into account the maintenance activities. However, the 
established processes need to be completed by more explicit maintenance-oriented 
practices in future works; 

− Automation of several tasks can accelerate the proposed process. It is planned in future 
work to develop a specific tool that ensures the integration of AgiFPL’s phases, 
activities, tasks and work products, including market strategies and mining of legacy 
assets. Interesting and useful investigations for the academy and industry would be the 
building of this tool; 

− Integrating relevant DevOps and more metrics to AgiFPL method in order to optimize 
its performance and to improve its applicability within SPLE and the ASD communities; 

− The assessment model AgiPL-AM will be evaluated empirically and a number of 
members of companies will be involved in the evaluation of the applicability of AgiPL-
AM; more precisely, in assessing the level of agility of companies, and in evaluating 
the overall findings of the assessment model; 

− Regarding the Integrated Requirements Engineering framework for APLs, several 
future works will tackle the aim to develop a procedure to discover inconsistencies in 
mapping results (i.e., generated goal models and/or generated feature models). 
Moreover, it will be aimed to extend the validation technique in order to cover other 
properties, such as safe composition (i.e., for all goal models modeled within the 
Application Engineering (AE) tier, they have at least one correspondent feature model 
and vice versa); 

− With the aim to perform comparative studies, several new case studies in another 
projects are currently being planned; 

− For most of the future studies, the focus lies on capturing quantitative measurements in 
order to validate statistically new hypothesis, such as studies and research works that 
compare two methods. 
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