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Abstract. Pushed to the edge of their capabilities in a highly competitive world market, organizations 

everywhere look for efficient means to innovate and develop their products and services. This paper 

proposes and illustrates a holistic integration of Product Line Engineering (PLE) and Model-Based 

Systems Engineering (MBSE) to connect and align market and business analysis, architecting, 

design, and engineering. This value-driven, integrated approach capitalizes on MBSE best practices 

to tackle the concrete challenges of product line engineering.  

Introduction 

Organizations in every business sector are striving to achieve greater profitability and competitive 

advantage. Many organizations struggle to propose attractive and innovative product and service 

offers, while facing growing pressures to decrease costs and times to market. As product-services 

become smarter and highly interconnected through new technologies, their complexity continues to 

grow. Adding to this complexity is the inherent complexity of the business contexts, competitors and 

industrial landscapes of today’s world market. Pushed to the edge of their capabilities, organizations 

everywhere look for efficient means to architect, design and produce their product-services. 

Two of the most popular approaches organizations have turned to for the past several years are 

Product Line Engineering (PLE) and Model-Based Systems Engineering (MBSE). The reason for 

this is that virtually every organization performs some form of reuse (no system is created from 

scratch) and hardly manufactures one single instance of a product. Furthermore, several attempts to 

combine these two approaches into Model-Based Product Line Engineering (MBPLE) exist literature 

[Oster 2016][Chalé 2014][AFIS 2013][Young 2017][Li 2019]. Whilst most of these studies succeed 

in demonstrating that the combination of the two approaches can yield greater benefits than when 

applying them individually, practically none of them explores the problem in a holistic way nor 

tackles the challenges that arise when trying to implement MBPLE in real life, everyday practice in 

large organizations. 

Applying PLE in an efficient way to meet strategic business objectives through the definition of the 

appropriate product line, while ensuring that all product instances will satisfy the needs of customers, 
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raises indeed many questions related to organization and methodology. Examples of such questions 

include: 

 What methods can be applied to architect, design and build the contents of a product line? 

 How to align the architecture and design of a product to market and business analyses? 

 How to verify the consistency of alternatives and options at different system levels? 

 How to master variability and secure its consistency with architecture descriptions? 

 Is a feature model enough to understand what each product option or alternative consists of, 

or should tacit knowledge be made explicit to make informed design choices? 

 How to guarantee that each defined configuration results in a feasible and valid architecture?  

Lessons learnt from years of product line management and deployment of architecture-centric, 

model-based engineering methods in our organization have lead the authors to consider that the 

answers to the above questions largely rely on an integrated product line approach that connects and 

aligns market and business analysis, architecting, design, engineering and manufacturing. This 

collaborative work between marketing, sales, architects, product managers and engineers can greatly 

benefit from model-based engineering techniques:   

 To undertake the architecting of a future product line (i.e. to explore the problem and solution 

spaces in order to orient and frame a solution in an effective way); 

 And to design the actual product line (i.e. to make the solution explicit). 

This paper promotes a Model-Based Product Line Engineering (MBPLE) approach providing the 

foundational concepts and tools to perform this collaborative work. It proposes engineering practices 

to implement it in an industrial organization, and addresses a subset of the numerous challenges of 

this implementation.  

The remaining of this paper is organized as follows. We start with a brief reminder of the main 

principles of Product Line Engineering (PLE) and Model-Based Systems Engineering (MBSE). Then 

we describe the overall MBPLE approach by presenting the major perspectives that define a solution, 

from the exploration and synthesis of the problem and solution spaces, to detailed needs analysis and 

solution design. For each perspective, we describe the associated methodology and illustrate it with 

a fictional case study. 

Building blocks of the approach: PLE and MBSE 

Product Line Engineering 

Product Line Engineering is the engineering of a family of similar products (as opposed to the 

engineering of a single product) that exhibit variations in their characteristics. In its most advanced 

form, Feature-Based Product Line Engineering [INCOSE 2019] allows building a product line 

portfolio as a single production system rather than a multitude of individual products. This is achieved 

through the use and management of a shared set of configurable engineering assets that leverage the 

commonality within the family, through a systematic and rigorous management of variation amongst 

the products of the family and through automation mechanisms that allow generating asset instances 

adapted to a given customer need. 

The variability of the product line is formalized by a feature model, which provides the common 

language to describe and share the variability domain of the product line across an organization. 

Features represent distinguishing characteristics that describe how the products within a product line 

differ from each other. Products are configured by selecting a set of features in the feature model.  

The shared configurable assets are supersets of artifacts (requirements, models, documents, plans, 

etc.) that can be represented digitally and contain variation points, which are pieces of content that 

should be either transformed, included in or omitted from a product based on the features selected 



 

for that product. When creating a product instance, automation software applies the set of selected 

features to evaluate the variation points in the shared assets and creates instances of the transformed 

assets accordingly (Figure 1). 

 

Figure 1: Product Line Engineering process 

Once this “production facility” is implemented, it can deliver significant improvements in time to 

delivery, quality and cost of products. The main difficulties related to the implementation of PLE, 

however, are not related to the operation of this facility. The main issues relate to the definition of 

the path to properly setup the production facility (not to mention the necessary organizational and 

cultural changes that must be conducted, as explained in [Chalé 2014]): 

 Aligning business strategy and product architecture; 

 Producing the shareable assets and the feature model; 

 And maintaining the consistency amongst all these elements. 

These issues only becomes harder to tackle as the complexity of products and product lines increases. 

The approach presented in this paper provides a solution to these issues by capitalizing on MBSE 

practices. 

Model-Based Systems Engineering 

Model-based systems engineering is the formalized application of modelling to support system 

requirements, design, analysis, verification and validation activities beginning in the conceptual 

design phase and continuing throughout development and later life cycle phases. [INCOSE 2014]. In 

addition to increasing the level of rigor in these engineering activities, one essential objective of a 

model-centric approach is to provide a single source of truth that can be shared with all stakeholders. 

In this paper we use the Arcadia model-based method devoted to systems, software and hardware 

architectural design [Voirin 2017]. It describes the detailed reasoning to understand and capture the 

needs of the stakeholder, define and share the product architecture across engineering teams, early 

validate its design, and justify it. The Arcadia method has been applied over the last ten years in a 

large variety of contexts, ranging from complex systems of systems to equipment, software or even 

hardware architecture definition. It is particularly relevant when strong constraints such as cost, 

performance, safety, security, reuse, consumption, or weigh have to be reconciled.  

Arcadia intensively relies on functional analysis, which is a very popular technique among systems 

engineers. It also enforces an approach structured on different engineering perspectives that establish 



 

a clear separation between the need understanding (Operational Analysis and System Need Analysis) 

and the solution architectural design, in accordance with the [IEEE 1220] standard and covering parts 

of [ISO/IEC/IEEE 15288]. 

Each Arcadia perspective is described according to three dimensions:  

 Purpose: why the system exists, described by operational capabilities and delivered 

system/technical capabilities (shown in orange in Figure 2). 

 Behavior: what the system does. This mostly relies on functional analysis and modes/states. 

The behavior concepts can be used at different levels, either to describe the need –what the 

system does– or to describe solution –how the system works– (shown in green in Figure 2). 

 Structure: what the system is. This covers the organization of the system in terms of 

constituents and interfaces. It also covers the humans and other systems in the environment 

of the system/product of interest (shown in blue in Figure 2). 
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Figure 2. ARCADIA simplified ontology  

As the lack of properly tailored tools has proven to be a major obstacle to the implementation of 

MBSE in industrial organizations [Bonnet 2015], Arcadia is recommended to be implemented using 

the open-source workbench Capella [Voirin 2015][Capella 2020]. Their combined use has proven 

well-suited for large-scale deployments of MBSE intended for engineers having diverse backgrounds                    

[Bonnet 2020]. 

Overview of the Model-Based Product Line Engineering approach 

The MBPLE approach presented in this paper consists of three perspectives, i.e. three ways of think-

ing about the product [ISO 42010]: Stakeholders Value, Product Value and Architectural Design. 

Figure 3 presents the perspectives and the systems engineering activities considered in each of them. 

Our approach states a clear distinction between the problem and solution spaces. The problem space 

perspectives aim at achieving a proper understanding of the business and operational context of the 

product, the value the product can provide to stakeholders and the customer-oriented variability and 



 

configurations the product shall comprise. The solution-related perspective aims at defining the prod-

uct architecture that will frame the stakeholders value and solve the problem expressed in the product 

value with the required degree of variability. 

 

Figure 3. Overview of the MBPLE approach  

The Arcadia perspectives presented before are tailored and embedded into these perspectives. Also 

note that this approach does not impose a strict order of execution of activities, although activities 

are illustrated in a top-down basis for clarity purposes in this paper.  

Problem Space Analysis: Stakeholders Value Perspective 

Activities 

Business or Mission Analysis. This architecting activity initiates the systems engineering life cycle 

of a product line. This exploration typically defines the business or mission problem or opportunity, 

characterizes the solution space including the identification of measures of effectiveness, and 

determines potential solution classes to address the problem or take advantage of an opportunity. 

When applied to a product line, this activity yields a business strategy (business models, target 

markets and segmentation, product roadmaps, value propositions and differentiators), high-level 

operational needs and functionalities, and architectural concepts or orientations for the products of 

the family (for instance, a solution based on a drone system vs a solution based on a fleet of drones). 

Many of these elements are high-level and conceptual, so out of the scope of the modelling concepts 

and perspectives of Arcadia. However, they feed Operational Analysis, as explained below, and may 

also drive and initialize further architecture perspectives, in a continuous and often iterative approach.  

Operational Analysis. Operational Analysis formalizes the outputs coming from the Business and 

Mission Analysis. The stakeholders potentially involved in the different life-cycle stages of the 

product (e.g. use, operation and logistics) are identified, classified and characterized. They are 

captured as operational entities (organizations, systems, etc.) or operational actors (human users for 

example). The expectations of stakeholders are expressed in terms of operational capabilities, 

missions, scenarios, operational processes and related operational activities. 

Market Analysis and Segmentation. In parallel, customer profiles are established collaboratively 

with marketing and sales teams to describe each customer segment. For each market segment and 

each relevant stakeholder, jobs, pains and gains are described: Jobs are what customers are trying to 

get done in their work and in their lives; Pains are anything that annoys the customers before, during 

and after trying to get a job done; Gains are the outcomes and benefits customers intends to achieve.  

The concepts of the Operational Analysis constitute a great support: jobs naturally relate to 

operational activities while pains/gains can be considered as characterizations of these activities. The 

concurrent execution of Operational Analysis and Market Analysis favors thorough analyses and 

understanding of the activities and expectations of the stakeholders. Indeed, by characterizing the 



 

value for each market segment, we can formalize the value and criticality of the expected quality of 

service and of non-functional aspects for customers, as well as the possible combinations of 

operational activities and of quality of service commitments.  

Throughout these analyses, stakeholder-level alternatives and options emerge. This variability is 

captured in a feature model. In an analog way, variability analysis may in turn shape the content and 

structuring of the operational capabilities and activities. Checks for global consistency of options and 

alternatives and user profiles must be performed here (e.g. seeking for activities needed to ensure a 

capability but not associated to the required feature). 

Case study 

The fictive Pythagoras company sells drone-based solutions. As the drone market grows 

exponentially, Pythagoras aims at capitalizing on its medium- and short-range drone platforms to sell 

both end-user solutions and simple services. Examples of targeted markets are monitoring of farms, 

inspection of aircraft exterior, surveillance of events, and inspection of remote structures such as 

catenary systems or electric power lines.    

For each of these possible markets, the Pythagoras company needs to gain understanding of its future 

customers: their activities, their pains and the possible gains a drone-based solution could bring. An 

Operational Analysis is performed for each segment. In the case of farm monitoring, this analysis 

describes the various activities performed by a farmer, including the monitoring of crops health, the 

verification of the infrastructure, the surveillance of the livestock or the planning of interventions in 

the field. The identification of pains and gains can easily be associated to these activities. The added-

value of a drone-based solution is confirmed: 

 A drone would allow to analyze more accurately and extensively the health of the crops, and 

would help shorten the time between detection of issues and interventions. 

 Offering automated analysis based on the collected data and proposing recommendations 

could be a differentiating factor. 

 

Figure 4: Pains and gains related to operational activities – Farms monitoring segment 

Operational Analysis can also reveal unforeseen business opportunities. For instance, rather than 

selling a drone-based solution to a farmer, another option is to sell the solution to a service provider 

who would contract with the farmer, freeing the farmers from the hassle of installing and operating 

the drone. The Pythagoras company could even operate this service itself on behalf of the farmer. 



 

At this stage of the analysis, the emerging variability can be captured in a dedicated feature model, 

as illustrated by Figure 5. The market segments (monitoring of farms, inspection of aircraft exterior, 

surveillance of events, inspection of remote infrastructures) are also captured in this feature model.  

 

Figure 5. Emerging operational variability captured in a feature model (extract) 

Problem Space Analysis: Product Value Perspective 

Activities 

Product Need Analysis. The objective is to identify and characterize the expected capabilities. 

Product capabilities rigorously capture the ability of the product to render services contributing to 

the realization of the operational capabilities of the previously identified market segments. Product 

capabilities are characterized by functional chains, scenarios and functions that not only describe how 

the product is expected to behave, but also help specify non-functional expectations (e.g. acceptable 

latencies). Operational Analysis and features of the market segments identified in the previous 

perspective constitute valuable inputs for the definition of product capabilities.   

Value and variability analysis. In response to the pains and gains of the stakeholders, identified in 

the previous perspective, services, gain creators and pain relievers are identified. Services (typically 

captured as capabilities) describe what the product will offer and what will help stakeholders perform 

their jobs or reach their objectives. Gain creators emphasize how a given product capability will help 

users and customer be more efficient (in terms of time, quality or effort, for example). Pain Relievers 

will emphasize how certain product capability will contribute to help users and customer address the 

difficulties they face. 

Value analysis strengthens the Product Need Analysis. It grounds the product definition on solid 

foundations and, when combined to the stakeholder profiles, it justifies the creation of a new set of 

product-level features that are captured in a refined version of the feature model. This integrated, 

model-supported approach benefits and simplifies variability analysis in at least three ways: 

 The alignment between product capabilities and the structure of the feature model brings both 

organizational (structuring of engineering responsibilities and activities) and technical 

benefits (easier consistency checking, easier impact analysis).  

 The modeling effort favors the identification of commonalities, with elements of the Product 

Need Analysis (capabilities, functional chains, scenarios, and functions) that are transverse to 

all segments and markets 

 The dependencies between elements of the Product Need Analysis influence and even 

simplify features. For example, it is much simpler to define one single feature or option on a 

functional chain instead of on the numerous functions that are involved in this functional 



 

chain. In addition, dependencies between features can be deduced from dependencies between 

elements of the Product Need Analysis (e.g. an optional function requiring inputs from 

another optional function). 

Commercial Portfolio Definition. Based on the outcomes of these activities, the commercial offer 

portfolio can be defined by means of product standard configurations, which are selections of 

consistent feature options or alternatives. Standard configurations are key in order to simplify the 

definition of the solution for a given customer. They guide the customer choices according to market 

segments and towards proven product definitions, capabilities and assets, hence maximizing the reuse 

of assets. Standard configurations reduce the number of different product architectures to evaluate 

and validate both at definition time and at Integration Verification and Validation (IVV) time. 

Consistency checks between Product Need Analysis, Value and Variability analysis and Commercial 

Portfolio Definition have to be performed. Consistency with the outcomes of the previous perspective 

must also be verified. Both checks are eased by the built-in semantic links between model elements.  

Case study 

While the Operational Analysis was performed for each market segment, Product Need Analysis 

intends to maximize the commonalities between all segments. The drone-based product has seven 

main capabilities: Fly, Acquire/Analyze/Visualize/Archive data, Sprinkle substance, Plan missions. 

Functional chains and scenarios provide specific implementation examples of these capabilities. For 

example, the "Visualize data" product capability covers the following functional chains: 

 Display acquired HD video 

 Display multi-spectral images 

 Visualize all collected mission data 

 Visualize substance levels 

The degree of automation of operations and the timing of the data exploitation (live or post-

navigation) are two structuring variability aspects of the product. Each high-level product capability 

can be refined in smaller capabilities directly linked to corresponding sections of the feature model 

(Figure 6).  

 

Figure 6: Product capabilities and their variabilities (extract) 

Capabilities help structure engineering activities by providing powerful means to assign 

responsibilities and cadence the synchronization of all teams (architects, developers, V&V engineers) 



 

by defining the functional expectations of each development iteration [Navas 2020]. Therefore, 

capabilities constitute an excellent support to reflect the most structuring features captured in the 

feature model. It is however often necessary to capture variability at a finer grain. In these cases, 

other Arcadia concepts can be exploited, such as functional chains, scenarios, functions, functional 

exchanges, modes and states. The following table illustrates three of these cases.  

 

Arcadia ontol-

ogy concept 
Example of variability 

Functional 

chains and 

scenarios 

Obstacle detection is an option that is available whatever the navigation mode. It 

is captured as specific functional chain in the capabilities dedicated to manual and 

automated piloting. 

 

Functions The detection of fuselage dents on the exterior of an aircraft requires a specific 

kind of visual acquisition. This is captured in the model with a dedicated "scan" 

function. 

 

Modes and 

States      Ma-

chines 

The feature model proposes an option to automatically switch from automated to 

manual piloting mode as soon as the operator touches the joystick. In the model, 

this translates into a specific additional transition between modes. 

 
 

 

 

 



 

The result of the product needs analysis modeling is twofold: 

 A feature model that is enriched with concrete alternatives and options, ready to be exploited 

by marketing (Figure 7).  

 An architecture model that formalizes this variability and precisely describes what is expected 

from the product, in each of its forms. 

 

Figure 7: Feature model including capability and service-related features 

Several standard configurations are established. For example: 

 

Agriculture low cost Agriculture high end Aircraft inspection 

Crops monitoring 

only, no automated 

flight 

Crop monitoring and 

livestock/infrastructure monitoring, night 

and stormy conditions, automated flight 

and obstacle detection 

Indoor, obstacle avoidance 

with minimal vertical 

distance 

Solution Space Analysis: Architectural Design and Technical Concerns 

Conceptual and finalized architectures address the design of the product architecture with different 

levels of abstraction, including behavioral aspects and structural decomposition into components, 

under technical and product line constraints. 

Activities 

Solution Architecture Design – conceptual and finalized architectures. The model-based design 

of the solution architecture follows the same patterns than the ones of Operational and Product Needs 

Analyses. Capabilities are exemplified with scenarios and functional chains that describe how the 

system works, thus specifying the exact contribution of each system constituent. The functional 

behavior of the solution must not only realize the functional analyses defined in Operational and 

Product Analyses, it must also reflect and implement their variability: for example, if a functional 

chain of the Product Need Analysis is associated to a feature, its corresponding functional chains in 

solution architecture must also be associated to it. 

From a structural point of view, product variability may significantly constrain architecture design: 

for example, functions that have different variability conditions could be implemented by separate 

component. Similarly, alternative behaviors could preserve similar common Interfaces, and common 



 

core behaviors could be implemented by dedicated core components. Variability is also likely to 

emerge from limitations or opportunities in solution, technology or context, such as environment or 

regulations, leading to a solution-level feature model. Links between architecture and feature models 

are built accordingly. 

Solution Variabilities Orientation. An analysis of the  solution architecture of the product can 

simplify and reduce the number of features, notably due to architectural consistency or dependencies. 

For example, architecture constraints may lead to group different features that can be then considered 

as a whole: there is no need to treat them separately if the same components and functions are required 

for all of them. 

Product architecture definitions and product standard configurations must be aligned. Product 

standard configurations are expected to cover the user needs in given market segments, but they also 

have to deal with solution-specific variability, architecture constraints and simplification 

opportunities. This may lead to revisiting product standard configurations during design. In the end, 

the standard configurations should notably: 

 Satisfy a set of stakeholders belonging to a segment identified in the Stakeholders Value 

perspective 

 Comply with the commercial offer portfolio as defined in Product Value perspective 

 Be consistent with the designed architecture, for feasibility and efficiency reasons. 

Here again, checking the consistency between architecture, feature model and configurations 

contents is key. This concerns notably: 

 The consistency of components breakdown and of function-to-component allocation with 

variability 

 The identification of dependencies or incompatibilities between features due to architectural 

concerns 

 The validity of features and configurations in preserving components dependencies, scenarios 

and functional chains 

 The respect of non-functional properties, quality of service, etc. 

Variability Implementation and Mastering. Once architecture and feature models are consistent 

with each other, the features and configurations definitions should be applied to most engineering 

assets. This includes requirements, architecture definitions and models (done above), simulations 

models and scenarios, specialties and disciplines specific assets and models, test means and enabling 

systems, test campaigns, test cases, and also product breakdown structure, development and 

production means, support means and tooling. 

Building Strategy. Standard product configurations should flow down to the building block level, 

so that building blocks can in turn be configured in a consistent way. The result of this collaborative 

work should be part of the development “contract” for every building block that contributes to the 

product line. Note that a component C1 may also have to adapt to product-level variability on other 

component C2 or C3 (e.g. if the component usually interacts with optional components absent from 

certain configurations). Integration, verification, validation procedures should be put in place to 

ensure the consistency of the composed architecture (i.e. of the complete configured product). 

Building Blocks Variability Management. The product line architecture may rely on certain 

building blocks that can have their own variability and business strategy. Variability at product line 

and building block levels must be compatible and harmonized accordingly. This means that features 

related to building blocks are also captured in the feature model to guarantee the consistency of the 

overall model. 



 

Case study 

The conceptual and physical architectures in Arcadia capture how the product works, with different 

levels of detail. They cover both functional and structural aspects. Functions are refined until 

elementary functions can be entirely allocated to one product constituent. This allocation effort 

unambiguously specifies the expected contribution of each constituent.  

While some of the features originating from the Product Need Analysis directly relate to the 

architecture model (e.g. the type of data acquisition directly dictates the choice of the type of camera), 

the feature model is likely to be enriched with solution-related features: 

 New variability can emerge when designing the solution. For example, the need for a 

monitoring capability on the drone can be required in certain operating conditions. 

 Design alternatives and trade-offs can be captured in the feature model. 

 The choice of certain components or component versions (based on supply chain strategy, 

local regulations or optimization of stocks) might also be integrated in the feature model. 

For example, depending on where the drone operates and on the kind of mission it performs, different 

sensing and navigation performance is required. If the drone is used in a hangar to inspect the fuselage 

of an aircraft, the navigation precision is critical. If the drone is used to monitor crop fields in a rural 

area, its endurance will most likely be more critical than the precision of its navigation system. The 

corresponding architecture alternatives can be captured as features in a dedicated branch of the 

feature model (Figure 8).  

 

Figure 8: Enrichment of the feature model with architecture alternatives 

The "Mission priority" feature has a direct consequence on the drone sensors, as illustrated in Figure 

9 and Figure 10, where greyed elements are excluded from the current previewed variant.  

Choosing "Endurance" means the duration of operation is critical. Of course, this option has a 

straightforward impact on the battery choice. But this option also means the global weight of the 

drone is a primary concern. In this setting, the amount of sensors is kept minimal and a compromise 

is made on the expected precision of the navigation, as a single inertial measurement unit is used. 



 

When choosing "Precision" over "Endurance", dedicated sensors are added s the inertial 

measurement unit. This activates multiple sources on the computation functions, and generates the 

need for data correlation, which is expressed with textual requirements allocated to the functions in 

our example. 

  

Figure 9: « Endurance » variant 

 

Figure 10: "Navigation Precision" variant 

As illustrated by Figure 9 and Figure 10, each single feature has consequences not only on numerous 

connected model elements including interfaces, but also on textual requirements specifying the 

excepted behavior of the functions. Architecture models prove to be extremely useful to master the 

numerous and interdependent impacts of each choice. To master this complexity, we rely on a 

standard pattern to separate concerns: Features and individual models elements are not necessarily 

directly linked. Instead, the concept of variation point helps optimizing this mapping by connecting 



 

coherent sets of model elements to the feature model. This intermediate element helps reducing both 

the required amount of features and the feature mapping maintenance effort.  

In its simplest form, a variation point simply refers to the selection of one given feature. But a 

variation point can also be activated by an expression containing several features and conditions. For 

example, avionics monitoring is not a feature. However choosing an urban operating zone in certain 

countries requires the implementation of an avionics monitoring function on the drone, in order to 

conform to local regulations. The monitoring variability point references a set of additional sensors 

and computers, and is activated when a certain combinations of “operating zone” and “country” 

features are selected. 

Conclusion 

The integrated approach described in this paper provides answers to the questions raised within 

several operational projects in Thales. 

What methods can be applied build the contents of a product line? An integrated approach 

between market and business analysis, architecture definition and variability engineering, which can 

rely on methods that provide continuity and justification from users needs up to solution definition 

and IVV, such as Arcadia. 

How to articulate market and business analyses with architecture and design? Operational 

Analysis is the place to start collaboration. A strong methodological focus on the articulation between 

need and solution secures consistency and applicability of product variability to product architecture 

and design. 

Which verification process can be used for variability? Value analysis helps to understand the 

needs and profiles of stakeholders, as well as business opportunities. Formalizing this value analysis 

in need and solution architecture models not only secures a deep understanding of the product content 

and utilization, it also strengthens the variability definition by formalizing the scope and impact of 

each option or alternative. 

How to master the complexity of variability, how to simplify and secure it, in coherence with 

architecture description? Architecture analysis simplifies some variability sources, helps define 

and reduce dependencies between variants, and secures adequacy between variability and 

architecture. 

 

Figure 11: Summary of the mutual influences between architecture and feature models 

Is reading the feature model enough to understand what each option consists in and to make 

informed choices? Usually not, except in very simple cases. Looking in the architecture model is 

necessary to understand what each option represents in terms of functional content, performance, 



 

global consequences (e.g. excess weight or price by adding options...), and make the link with the 

need (what consequences for the customer if they do not select it). 

How to guarantee that each defined configuration results in a feasible and valid architecture? 
By deriving an architecture model per configuration, and analyzing it for consistency, completeness 

and adequacy to needs and constraints. 

An effective and high-performance implementation of this integrated approach requires companies 

to implement changes in organization, product development processes, practices, and tools, which 

were not included in the scope of this paper. Among the most relevant ones: 

 The organization structure of the company shall reflect the key role Product teams play in 

different functions: management, marketing and engineering to name some of them . 

 Processes shall state and support the interactions between the company functions that are 

involved in Product development; architecture models are good candidates to support these 

interactions, as they provide a language that can be common to all the stakeholders and they 

reflect a large set of the key decisions related to product development. 

 Regarding engineering, processes and tools shall be tailored so as they embrace MBPLE 

approach. Among those processes that are critical, configuration management and IVV 

execution definitely stand out. The integration of tools and, generally speaking, the 

implementation of Digital Engineering approaches are well-suited vehicles to ensure that 

processes are properly integrated. 
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