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ABSTRACT
Non-functional requirements (NFRs) play a critical role in software
product line (SPL) engineering, ensuring products meet essential cri-
teria beyond mere functionality. However, preserving NFRs across
product variants induces considerable challenges, particularly in
goal-oriented SPLE where goals guide product derivation. This re-
search proposes a novel framework to preserve NFRs in goal models
using meta-models of SPLs and manage inconsistent NFRs. The
framework utilizes product and domain meta-models to accurately
capture and represent NFRs, addressing construct validity concerns.
This research aims to enhance the credibility and generalizability
of findings in SPL engineering, contributing to the advancement of
goal-oriented modeling and NFR preservation practices.

CCS CONCEPTS
• Software and its engineering→ Software product lines.

KEYWORDS
Software Product Line Engineering, Property preservation, Goal
models, Meta-models, Non-functional requirements
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1 INTRODUCTION AND MOTIVATION
An integral aspect of Software Product Line Engineering (SPLE)
is the effective management of requirements, encompassing both
functional and non-functional facets. While the former defines what
a system should do, non-functional requirements (NFRs) specify
how it should behave and perform. NFRs are essential to ensure
the overall quality, usability, and performance of software products,
making their consideration imperative for the success of SPLE [2, 4].

Goal-oriented SPLE involves the systematic development of soft-
ware products that are tailored to meet specific goals or objec-
tives. In this approach, goals serve as the primary drivers for prod-
uct derivation, guiding the selection and configuration of features
and functionalities across multiple product variants within the
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SPL [3, 12]. Goal SPLs facilitate the systematic management of vari-
ability by aligning product features with stakeholder requirements
and objectives, thereby enhancing the flexibility, adaptability, and
reusability of software assets across the product line.

Traditionally, attention has concentrated on modeling func-
tional requirements in SPLE, with well-established techniques and
methodologies available for this purpose [9]. However, the model-
ing of NFRs in SPLE presents unique challenges and complexities.
Unlike functional requirements, which can often be directly de-
rived from user needs or system functionalities, NFRs may span
multiple products within an SPL, requiring careful analysis and
management [1].

Moreover, NFRs exhibit inherent variability, with different SPL
products potentially having different sets of NFRs or varying de-
grees of emphasis on specific quality attributes [8]. This intro-
duces additional complexity, necessitating specialized modeling
techniques and tools to effectively capture and manage NFRs across
the SPL.

Tools often focus on facilitating SPL development, verification,
and management, aiming to assess their capabilities, features, and
effectiveness [7, 13, 25, 26]. These papers provide insights into
the current state of tool support for SPLs, identifying strengths,
weaknesses, and areas for improvement. Their empirical findings
contribute to a better understanding of the SPL tooling ecosystem.

Problem Identification. Despite growing recognition of the im-
portance of NFRs in SPLE, a notable gap remains regarding the
modeling and management of these requirements in goal models.
Existing approaches often lack clarity on meta-models and strate-
gies for handling contradictory NFRs, hindering their practical
applicability and effectiveness in goal-oriented SPLE projects.

Motivation. In light of these challenges, this research aims to
address the gaps in modeling NFRs in goal-oriented SPLs through
the application of Model-Driven Software Engineering (MDSE) ap-
proaches. By developing a systematic methodology for modeling
domain non-functional requirements (DNFRs) from individual prod-
uct non-functional requirements (PNFRs) and refining metamodels
for enhanced clarity and consistency, this research seeks to advance
the state-of-the-art in goal-oriented SPL requirements engineering.

Contribution. Through empirical evaluation and investigation
of strategies for handling NFRs and contradictory NFRs, our re-
search aims to provide practical insights and recommendations for
improving NFR modeling in goal-oriented SPL. By bridging the
gap between theory and practice, this research contributes to the
broader pursuit of enhancing the quality, reliability, and adaptability
of SPL in diverse application domains.

Research Questions (RQs). We focus on the following main RQs:
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RQ1 What is the significance of property preservation in goal-
oriented SPL?

RQ2 What methods can be employed to utilize domain metamod-
els effectively to preserve properties outlined in goal models?

RQ3 What strategies can be implemented to effectively handle and
resolve contradictory requirements in goal-oriented SPL?

2 RELATEDWORK
A lot of research has been carried out to focus on goal-oriented SPL
and its variability management, including surveys and literature
reviews exploring approaches for modeling NFRs by systematically
analyzing existing research in the field [1, 5, 11, 15, 22, 24]. Noyer
et al. [21] discuss the importance of traceability and interfacing
between requirements engineering and UML domains, highlight-
ing the use of the standardized Requirements Interchange Format
(ReqIF) as a means to achieve traceability and seamless integration
between these domains. On the other hand, Sree-Kumar et al. [23]
focus on natural language specifications for extracting features of
SPLs.

Loniewski et al. [17] introduce a novel methodology that inte-
grates architecture-oriented principles with model-driven require-
ments engineering techniques. This approach aims to enhance the
traceability, consistency, and comprehensibility of requirements
throughout the software development lifecycle. Jadoon et al. [14]
address the traceability challenges faced by small and medium-
sized software industries by proposing a model-oriented approach.
By leveraging models as central artifacts in the traceability pro-
cess, their framework offers a systematic method to establish and
maintain trace links between requirements and other development
artifacts.

Kroher, Daniel, Myllarniemi, and Munoz et al. [8, 16, 19, 20]
focus on integrating quality considerations in the artifacts of SPL
variability. They propose methodologies to embed quality attributes
directly in SPL goal models, enabling better management of quality
concerns across product variants. They address the challenge of
managing variability changes over the SPL lifecycle, which is crucial
to ensure the adaptability and maintainability of product line assets.

Derakhshanmanesh and Buttling et al. [6, 10] present component-
based approaches to model software systems. The authors propose
a methodology that allows for the integration of diverse goal mod-
els at different abstraction levels, facilitating the development of
complex software systems. By leveraging component-based tech-
niques, the approach enables modularization and reuse of system
components, enhancing maintainability and scalability.

Gwasem and Ayala et al. [3, 12] focused on the variability of
goal-oriented models and introduced a methodology for acquiring
testable NFRs to enhance requirements analysis in goal-driven SPL.
The authors propose a method for analyzing and optimizing SPL
products based on these models, aiming to align product features
with stakeholder objectives and requirements.

To conclude, these studies identify, categorize, and analyze rel-
evant work related to goal models of SPLs, including common
practices, challenges, methodologies, and tools. The novelty of
our proposed approach lies in its use of meta-models to preserve
NFRs in goal models and effectively manage inconsistent NFRs.
This approach ensures accurate NFR representation and addresses

construct validity concerns, enhancing the credibility and general-
izability of findings in goal-oriented SPLE.

3 METHODOLOGY AND APPROACH
Our methodology adopts a design science approach comprising the
identification of the problem, the proposed solution, and its evalua-
tion. By using model-driven techniques and domain-specific model-
ing, our methodology aims to enhance the traceability, consistency,
and completeness of NFRs within SPLs, thereby facilitating more
robust and reliable product development processes. In the following,
we outline each step of the methodology, explaining the rationale,
transformation, and management of NFRs employed to achieve
our research objectives effectively as shown in Figure 1. NFRs are
extracted from each SPL and are used to create the product and do-
main metamodels. These metamodels result in a product variability
model (PVM) and domain variability model (DVM). Both models
are mapped with the goal model (GM) to verify their completeness.
Contradictory NFRs are recorded from product and domain VMs
and are processed to be incorporated into the transformations.

Extraction of NFRs. At first, a detailed examination of individual
product requirements is undertaken. This analysis aims to iden-
tify and extract NFRs embedded within each product variant. Each
requirement is given a unique identifier (‘ID’) and an associated de-
scription (‘Description’). Utilizing domain knowledge, stakeholder
insights, and existing documentation, we attain a thorough un-
derstanding of the diverse NFR landscape across product variants.
Through this initial phase, a rich repository of product-specific
NFRs is established, serving as the foundational dataset for subse-
quent modeling and analysis.

Creation of Product NFRs Metamodel. With the extracted NFRs at
hand, we proceed to formalize the representation of product-level
NFRs through the development of a dedicated metamodel. This
metamodel serves as a structured artifact for encapsulating the
essential attributes, relationships, and constraints associated with
the product. By defining standardized entities, properties, variabil-
ity, and commonality within the metamodel, the model ensures
coherence and consistency in the representation of NFRs across
the product models. An NFR is categorized into a commonality or
variability based on a Commonality Variability ratio (CV), which is
defined as the ratio of the number of systems sharing a common
feature to the total number of systems [18].

Transformation to PVM. Using model-driven techniques, we un-
dertake the transformation of individual product models into a
cohesive variability model called PVM. This transformation process
comprises the aggregation and configuration of product-specific
NFRs into a unified representation that constitutes the collective
non-functional requirements across the product variants in the
SPL. With automated model transformations using QVT (Query
View Transformation) and tools such as EMF ecore, this process is
automated while ensuring the preservation of NFR integrity and
fidelity throughout the transformation. At this stage, the features
of PVM are mapped with the GM. The GM comprises the soft and
hard goals agreed upon by the stakeholders.
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Figure 1: Methodology to preserve NFRs in goal-oriented SPL

Creation of Domain NFRs Metamodel. In parallel with the extrac-
tion of domain NFRs, we extend the existing metamodel to accom-
modate the representation of domain-specific NFRs. This extended
metamodel incorporates additional entities, relationships, and con-
straints necessary for capturing the features of domain-level NFRs
within the software product line. Through iterative refinement
and validation, the domain NFRs metamodel undergoes scrutiny
to ensure completeness, correctness, and alignment with domain
architecture principles and objectives. This metamodel results in a
DVM that captures the domain NFRs.

Transformation to DVM. Based on the domain configuration,
DVM is transformed. The features are mapped with the GM to
ensure completeness and consistency with the required character-
istics.

Extraction of Domain NFRs. Building upon the transformed DVM,
we derive domain-specific NFRs that encapsulate commonalities
and variabilities across product variants within the software prod-
uct line. Through a frequent analysis of the DVM, domain-specific
NFRs are identified and extracted, aligning with the domain model
and objectives.

Identification of Contradictory NFRs. Following the derivation of
product line and domain-specific NFRs, we identify and moderate
any inconsistencies, conflicts, or contradictions that may arise be-
tween the two sets of requirements. The resolved requirements are
sent back to the product and domain transformations for inclusion
in the product line and domain variability models.

4 EVALUATION AND INITIAL RESULTS
In this section, we provide a generic evaluation of the proposed
methodology using a running example from the automotive domain,
focusing on the main features of a Vehicle.

As a running example, we consider the development of a Vehicle
with four main features. Each feature is associated with specific
NFRs that are critical for the overall performance, safety, and us-
ability of the Vehicle as shown in the GM of Figure 2.

Extraction of NFRs. Initially, we conduct a detailed examination
of individual product requirements to extract the embedded NFRs
within each feature of the Vehicle. We identify NFRs associated with
the Gearbox, Brakes, Fuel Tank, and Engine. These NFRs include:

(1) Gearbox: Safety, Performance

Figure 2: Goal model of required Vehicle

(2) Brakes: Safety, Ergonomics, Crash Management
(3) Fuel Tank: Security, Cost Effectiveness, Crash Management
(4) Engine: Performance, Safety, Crash Management, Cost Ef-

fectiveness
These NFRs span various aspects such as safety, performance, er-
gonomics, crash management, security, and cost-effectiveness, re-
flecting the quality aspects of requirements in automotive systems.

Creation of Product and Domain Metamodels. With the extracted
NFRs, we proceed to formalize their representation through the
development of dedicated Ecore metamodels as shown in Figure 3.
Each product is associated with a unique ‘id’. Additionally, we
extend the metamodeling to accommodate domain-specific NFRs,
ensuring coherence and consistency in their representation across
product variants.

Transformation and Verification. We transform individual prod-
uct models into cohesive variability models: PVM and DVM. These
transformations aggregate and configure product- and domain-
specific NFRs into unified representations, ensuring the preserva-
tion of NFR integrity and adherence throughout the process. Then
the features of the PVM and DVM are mapped with the GM, com-
prising soft and hard goals agreed upon by stakeholders, to verify
the completeness and consistency of the variability models.

Identification of Contradictory NFRs. Following the derivation of
product line and domain-specific NFRs, we identify and moderate
any inconsistencies or conflicts that may arise between the two sets
of requirements. For example, a requirement for maximum safety
through reinforced steel doors might conflict with a requirement
for fuel efficiency. Reinforced steel doors increase the car’s weight,
which can reduce fuel efficiency by requiring more energy to move
the vehicle.

Through this demonstration, we showcase the application of the
proposed methodology in systematically addressing the complex-
ities of modeling NFRs within the context of goal-oriented SPLE.
The threats to the validity of our research include construct validity
concerns regarding the accurate representation of NFRs in meta-
models, internal validity challenges related to attributing observed
effects to interventions, and external validity limitations concern-
ing the generalizability of findings beyond the automotive domain.
Addressing these threats requires thorough attention to detail in
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Figure 3: Domain metamodel in Ecore representing the NFRs, commonalities, and variabilities

conceptualization, execution, and interpretation to enhance the
credibility and applicability of our research findings.

5 WORK PLAN
The following work plan will be followed.

Thesis Structure.

Introduction: Introduce the research problem, objectives, and sig-
nificance, emphasizing the need for property preservation
in rigorous software development.

Literature Review: Review existing literature on model transfor-
mation and property preservation in rigorous software devel-
opment, focusing on relevant methodologies and techniques
in preserving NFRs in goal SPLs.

Methodology: Detail the proposed framework for preserving non-
functional requirements in goal models using meta-models
of software product lines (SPLs).

Demonstration and Evaluation: Demonstrate the effectiveness
of the framework through case studies or rigorous analysis
usingmore detailed NFRs and evaluate its impact on property
preservation in goal models.

Discussion: Analyze findings, discuss implications for SPL devel-
opment, and propose future research directions.

Conclusion: Summarize key findings, contributions, and implica-
tions, reiterating the importance of property preservation in
goal models.

References: Include all cited references in the thesis.

Work Accomplished.

Systematic Literature Review: Conducted a comprehensive re-
view of literature on model transformation and property
preservation in rigorous software development, identifying
gaps and challenges.

Framework Proposal: Developed and submitted a framework
proposal in the doctoral symposium, for preserving non-
functional requirements in goal models using meta-models
of SPLs, based on insights from the literature review.

Work Remaining.

Framework Refinement: Further refine and develop the pro-
posed framework based on feedback from the literature re-
view and symposium proposal.

Case Studies: Design and conduct case studies to demonstrate
the framework’s effectiveness in preserving non-functional
requirements in goal models within SPLs.

Evaluation: Evaluate the impact of the framework on property
preservation, comparing outcomes before and after its im-
plementation in SPL development processes.

Thesis Writing: Complete the remaining chapters of the thesis,
including the discussion, conclusion, and final revisions.

Publication Plan.

Research Paper SLR: Prepare the systematic literature review
findings for publication, highlighting insights and implica-
tions for model transformation and property preservation
in rigorous software development.

Research Paper Framework: Draft a research paper detailing
the proposed framework, including its development, appli-
cation, and evaluation results, for submission to a relevant
conference or journal.

Work Plan for the Next 12 Months.

Months 1-3: Refine and further develop the framework based on
feedback from the literature review and proposal submission.

Months 4-6: Design and conduct case studies to demonstrate the
framework’s effectiveness in real-world SPL scenarios.

Months 7-9: Evaluate the impact of the framework on property
preservation in goal models within SPLs, analyzing outcomes
and identifying areas for improvement.
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Months 10-11: Complete writing the remaining chapters of the
thesis, including discussion and conclusion, integrating find-
ings from the case studies and evaluation.

Month 12: Finalize thesis, prepare for defense, and submit for
examination.
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