
View Supported  

Variability Identification 

 

 

 

 

 

 
Author 

Alejandra Rodríguez 

 

Supervisor 

Isabel John, Fraunhofer IESE 

Nicolás López, Universidad de los Andes 

 



 

 

Contents 
 

List of Acronyms .................................................................................................................................. 4 

List of Figures ...................................................................................................................................... 5 

List of Tables ........................................................................................................................................ 6 

1. Introduction..................................................................................................................................... 7 

2. Goals ................................................................................................................................................ 9 

2.1 General context ......................................................................................................................... 9 

3. Outline ........................................................................................................................................... 11 

4. Theoretical Framework ................................................................................................................. 13 

4.1 Software Product Lines ........................................................................................................... 13 

4.1.1 Definitions ............................................................................................................................ 13 

4.1.2 Product Line engineering ..................................................................................................... 13 

4.1.3 A product line approach ....................................................................................................... 14 

4.1.4. PuLSE – Product Line Software Engineering ....................................................................... 15 

4.2 Documentation ....................................................................................................................... 17 

4.3 Variability Management .......................................................................................................... 17 

5. State of the art .............................................................................................................................. 24 

6. View supported Variability Identification ..................................................................................... 26 

6.1 View Based Representation .................................................................................................... 26 

6.2 Views Supporting Variability Identification ............................................................................. 27 

6.2.1 Views in scoping ............................................................................................................... 27 

6.2.2 Views in Architecture ....................................................................................................... 31 

7. Case study ..................................................................................................................................... 36 

7.1 Case Study Description ............................................................................................................ 36 

8. Validation ...................................................................................................................................... 39 

8.1. AAL Context as validation domain ......................................................................................... 39 

8.1.1 Introduction ......................................................................................................................... 39 

8.1.2 AAL description .................................................................................................................... 39 

8.1.3 Projects description .............................................................................................................. 41 



8.1.3.1 BelAmI - Bilateral German-Hungarian Research Collaboration on Ambient Intelligence 

Systems ..................................................................................................................................... 41 

8.1.3.2 Emerge – Emergency Monitoring and Prevention ........................................................ 42 

8.1.3.3 OASIS – Open Architecture for Accessible Services Integration and Standardization .. 42 

8.1.3.4 CCE – Connected Care for Elderly Persons Suffering from Dementia ........................... 43 

8.1.3.5 Rosetta .......................................................................................................................... 43 

9. Results ........................................................................................................................................... 45 

9.1 Results in Scoping .................................................................................................................... 45 

9.2 Results in Architecture ............................................................................................................ 47 

10. Conclusions and Future Work ............................................................................................... 50 

Bibliography ...................................................................................................................................... 52 

 

 

  



List of Acronyms 
 

ADL – Architecture Description Language 

AICOS – Assistive Information and Communication Solutions 

AOSD – Aspect Oriented Software Development 

CPS – Constraint Satisfaction Problem 

CRM – Customer Relationship Management 

EC – European Community 

ERP – Enterprise Resource Planning 

EU – European Union 

FOA – Feature Oriented Analysis 

GQM – Goal Question Metric 

HMI – Human Machine Interaction 

ICT – Information and communication technologies 

PLE –Product Line Engineering 

PLSE – Product Line Software Engineering 

R&D – Research and Development 

SoC - Separation of Concerns 

SPL - Software Product Lines 

SPLE – Software Product Line Engineering 

OVM – Orthogonal Variability Management 

RSEB - Reuse-Driven Software Engineering Business 

  



List of Figures 
 

 

Figure 1. Thesis outline - Foundations .............................................................................................. 11 

Figure 2. Thesis outline – Proposal and Validation ........................................................................... 12 

Figure 3. Product Line Engineering, [5] ............................................................................................. 14 

Figure 4. PuLSE Overview, [2]............................................................................................................ 16 

Figure 5. View Based Metamodel, [8]. .............................................................................................. 17 

Figure 6. OVM and relationship to existing conceptual models, [9] ................................................. 18 

Figure 7. Types of Variation Points, [4] ............................................................................................. 23 

Figure 8. Variability Management Techniques 1990 - 2003 ............................................................. 24 

Figure 9. Variability Management Techniques 2004-2009 ............................................................... 25 

Figure 10.  Product Feature Matrix ................................................................................................... 27 

Figure 11. Customized Product Feature Matrix ................................................................................ 28 

Figure 12. Commonalities View......................................................................................................... 28 

Figure 13. Optional /Atlernative Variabilities View........................................................................... 29 

Figure 14. External Variabilities View ................................................................................................ 30 

Figure 15. Product Crosscutting View ............................................................................................... 30 

Figure 16. Architecture Variability View - Scheme 1 ......................................................................... 32 

Figura 17. Architecture Variability View - Scheme 2 Sub-domain 1 ................................................. 33 

Figure 18. Architecture Variability View - Scheme 2 Sub-domain 2 ................................................. 34 

Figure 19. Architecture Variability View - Tabular Representation .................................................. 35 

Figure 20. Classification of the home care system domain .............................................................. 40 

Figure 21. Overall Usefulness of the Views ....................................................................................... 46 

Figure 22. Overall Usefulness of Views in Scoping ............................................................................ 46 

Figure 23. Usefulness of Variability Views in Scoping for Managers ................................................ 47 

Figure 24. Usefulness of Variability Views in Scoping for Architects ................................................ 47 

Figure 25. Overall Usefulness of Variabilities in Architecture ........................................................... 48 

Figure 26. Usefulness of Variability Views in Architecture for Manager .......................................... 48 

Figure 27. Usefulness of Variability Views in Architecture for Architects ........................................ 49 

  



List of Tables 
 

Table 1. Techniques applied at different binding times .................................................................... 21 

Table 2. Variability Views in Scoping ................................................................................................. 37 

Table 3. Variability Views in Architecture ......................................................................................... 38 

 

  



 
“Daring ideas are like chessmen moved forward. 

They may be beaten, but they may start a winning game.” 

Johann Wolfgang von Goethe 

 

1. Introduction 
 

 

Behind an organization there are always lucrative purposes or at least an aim to be self sustainable 

while helping in some cause. In the particular case of software enterprises we can extract common 

goals like reduction of development time, effort, costs and complexity and increases in quality and 

security. 

 

The SPLE paradigm has proven to help to the attainment of these goals. The operational way of it 

is to select a group of members belonging to a family where the presence of common and variable 

characteristics can be seized.  

 

“A product family designed to take advantage of the commonalities and predicted variability” [1] is 

called software product line (SPL). The commonalities present in the product line are not 

particularly the problem; we find a more complicated issue in the coordination of variabilities and 

the expression of the dependencies among them. 

 

Development of Software Systems is a process that covers certain steps allowing a transition from 

the problem to the implementation and launch of the solution, those steps are called phases and 

the cycle of the process is the software lifecycle. A software lifecycle model is a description of the 

sequence of activities realized with the purpose of standardizing the planning, organizing and 

running of a development project. The general phases comprised in the SPLE lifecycle are: scoping, 

architecture, implementation, evolution and management. 

 

Imagine a creation of a product line of mobile phones. There are different types, styles, prices, 

functional and quality characteristics offered by different models. In order to shorten the time-to-

market of the devices, a product line approach is applied. The first activity consist of eliciting the 

requirements for the different types of mobile phones the enterprise will provide, one way to 

express these requirements is by means of features. Examples of features in this product line are: 

battery duration, Bluetooth, multimedia options, messaging capabilities, and camera. Now a 

description of the products to be offered is needed, for example an up-market product will have 

more functionalities and quality characteristics than a middle-market product, and in turn a 

middle-market product will have better characteristics than a down-market product. The next 

activity is to assign which features will correspond to which product. The sum of all these activities 

is what is called scoping, delimiting boundaries on products and features in the product line. 

 

A second stage is starting designing the system, this is called architecture. The architecture 

describes the solution conceptually, structurally, behaviorally, and another aspects depending on 

the interests. 

 



In the scoping we can elucidate common and variable features among products, these 

commonalities and variabilities should be designed and represented in the architecture, because 

this is the first reusable asset supporting the development of multiple products. 

 

There are many ways of making information explicit. This thesis aims at providing views supporting 

the explicitness of this variability in the scoping and architecture phases of software system 

development. The views also allow filtering of irrelevant elements from a determined perspective 

and from which additional information can be extracted for further use in other stages and 

iterations. 

 

Illustrating it with our product line of mobile phones, the views will allow expressing variability 

identified in the scoping, for example the all the up-market products will have multimedia and 

camera functionalities, the middle-market products either multimedia or camera, and down-

market products neither of two. The views expressing variabilities in architecture will present 

where these features are implemented in the structure, for example, the component controlling 

the camera functions will only be present in the products with that feature. 

 

The set of views consists of matrixes and graphical representations describing the distribution of 

variabilities over products and components and indicating where more complicated characteristics 

are located. 

  



 

“Discipline is the bridge between  

goals and accomplishments.” 

Jim Rohn 

 

2. Goals 
2.1 General context 
 

 

Many times business objectives in an enterprise are not aligned with technical and development 

goals. A transition towards product lines provides one of the strategic ways to reach this alignment 

bringing about multiple advantages like savings in development time and costs, but most of all 

conjunct advantages that considers those aspects simultaneously like reduction in development 

and maintenance effort and increase in quality.  

 

In order to attain these goals it is necessary to have a group of products sharing commonalities 

and offering variabilities making them different among each other and satisfying different 

stakeholders and target markets. 

 

Single system development counts with a lot of knowledge, practices and experience, hence the 

idea to combine single system development aspects and add variability, in order to achieve the 

goal alignment and exploit commonalities within the group of products in an efficient way. 

 

A previous approach namely the Domain Analysis was not the answer for all situations, it covered 

a big (sometimes unused) extent and the generality of its focus added a high degree of complexity. 

As a solution to this problem, a product line approach focuses uniquely in a specific domain that is 

translated into the specific product family members [2]. 

 

In our specific case a product line is being developed in the Ambient Assisted Living (AAL) context 

with the projects being developed by the Fraunhofer IESE in Germany. 

 

With this in mind this thesis proposes a support element for the identification of variabilities and is 

instantiated and tested in the AAL context. In other words the thesis aims at identifying variability 

in the scoping and architecture phases by bringing an add-on to the documentation through views. 

 

 

General goal 

• Develop different views that support variability identification for Product Lines and 

demonstrate these views in an AAL Product Line 

 

Specific goals 

 

• Scope the product line and get the product description of the members. 

• Provide an adequate representation of the important aspects in the product to 

subsequently extract existent, needed, and future features. 



• Provide an adequate representation of the identified features for later on assign 

them to the products and identify commonalities and variabilities. 

• Design an exemplary reference architecture. 

• Provide an adequate representation of the architecture that facilitates variability 

management (it can be basis for traceability and future maintenance activities). 

• Evaluate the views proposed to support the identification of variability in scoping 

and architecture by means of simple case studies. 

  



 

 

3. Outline 
 

 

In order to explain how this thesis is structured a tour over the topics will be held, ending with our 

proposal and the validation of it.

exposing the main theoretical concepts and resulting in our proposal respectively, 

Variability Identification. Figure 2 shows the outline correspondin

part; in this case the elements supporting the variability identification are instantiated in the AAL 

Domain. 

 

                              
                                  

 

Beginning by the foundations we have SLPE and Documentation. 

focuses on the exploitation of commonalities and variabilities among a group of members of a 

product family. On the other side documentation has 

intentions, problems, solutions, and all different concepts that can be put into words or images.

 

A system is generally created in order to solve a problem or set of problems. We are interested in 

providing solutions to similar problems with the help of software systems, organizing them in the 

form of a product line. Furthermore, the development of a software product line is a task involving 

many stakeholders like customers, developers, architects, managers, market

others; besides as any project it involves planning, progress tracking, decisions making along the 

path, and guidelines about how to use the final product. All of these data, information and 

knowledge might be present in people contribut

people building the system, but they are not the only users and can even not be final users at all. 

For this reason we need of documentation expressing and making available all this knowledge to 

people interested in it. 

 

The specific problem we are dealing within variability management of a software product line is 

variability identification. At this po

Figure1, the documentation expressing different 

In order to explain how this thesis is structured a tour over the topics will be held, ending with our 

and the validation of it. Figure 1 presents the foundations outline of the thesis by first 

exposing the main theoretical concepts and resulting in our proposal respectively, View Supported 

Figure 2 shows the outline corresponding to the proposal and validation 

part; in this case the elements supporting the variability identification are instantiated in the AAL 

                                  Figure 1. Thesis outline - Foundations 

Beginning by the foundations we have SLPE and Documentation. On one side SPLE paradigm 

focuses on the exploitation of commonalities and variabilities among a group of members of a 

product family. On the other side documentation has to do with the writing of facts, desires, 

intentions, problems, solutions, and all different concepts that can be put into words or images.

A system is generally created in order to solve a problem or set of problems. We are interested in 

ons to similar problems with the help of software systems, organizing them in the 

form of a product line. Furthermore, the development of a software product line is a task involving 

many stakeholders like customers, developers, architects, managers, marketing experts, among 

others; besides as any project it involves planning, progress tracking, decisions making along the 

path, and guidelines about how to use the final product. All of these data, information and 

knowledge might be present in people contributing during the whole process and most of all in 

people building the system, but they are not the only users and can even not be final users at all. 

For this reason we need of documentation expressing and making available all this knowledge to 

The specific problem we are dealing within variability management of a software product line is 

variability identification. At this point we are at the second level in the hierarchy

, the documentation expressing different concerns and the variability identification 

In order to explain how this thesis is structured a tour over the topics will be held, ending with our 

Figure 1 presents the foundations outline of the thesis by first 

View Supported 

g to the proposal and validation 

part; in this case the elements supporting the variability identification are instantiated in the AAL 

 

On one side SPLE paradigm 

focuses on the exploitation of commonalities and variabilities among a group of members of a 

to do with the writing of facts, desires, 

intentions, problems, solutions, and all different concepts that can be put into words or images. 

A system is generally created in order to solve a problem or set of problems. We are interested in 

ons to similar problems with the help of software systems, organizing them in the 

form of a product line. Furthermore, the development of a software product line is a task involving 

ing experts, among 

others; besides as any project it involves planning, progress tracking, decisions making along the 

path, and guidelines about how to use the final product. All of these data, information and 

ing during the whole process and most of all in 

people building the system, but they are not the only users and can even not be final users at all. 

For this reason we need of documentation expressing and making available all this knowledge to 

The specific problem we are dealing within variability management of a software product line is 

n the hierarchy presented in 

concerns and the variability identification 



problem. Going to Figure 2 where we find the proposal of the thesis we have the view supported 

variability identification. Only two phases of software development were considered and different 

elements (views) supporting the identification activity were devised for each one of them. For the 

scoping phase we present three views representing the information in form of tables, referred to 

in Figure 2 as tabular schemes.  For the architecture phase we present three views, two of them 

representing information in a graphical way and the other view make use of tables, those view are 

referred to in Figure 2 as Graphical schemes and Tabular scheme. 

 

For the validation of the views, the views were instantiated in the context of an AAL product line 

and a case study conducted, results analyzed, conclusions drew and future work exposed. 

 
Figure 2. Thesis outline – Proposal and Validation 

 

 

Thus, this thesis is structured as follows:  

In section 4 all theoretical foundations are explained. They include a smaller section for product 

lines, another for documentation, following with variability management. section 5 describes the 

state of the art. The motivation for the use of views is explained in section 6, and the case study 

setup and conduction process is presented in section 7. Section 8 presents the AAL as the 

validation context with its respective projects, and finally the results of the case study in section 9. 

Section 10 presents the conclusions and future work. 
 

                  

  



 
“Knowledge is of two kinds: we know a subject ourselves, 

or we know where we can find information upon it.” 

Samuel Johnson 

 

4. Theoretical Framework 

4.1 Software Product Lines 

4.1.1 Definitions 

 

 

The definitions as follows are an introduction to the software product line context and pursue a 

common understanding of some terms we will use along the thesis. Some others definitions will 

be given in other sections as necessary. 

 

Definition 1: Domain = “A domain is defined by the objects, operations, and relationships that 

domain experts perceive to be important for developing systems for a certain area of 

functionality” [3]. 

 

Definition 2: Application = a system which provides a set of general services for solving some type 

of user problem. 

 

Definition 3: Independent Application Engineering = is a function mapping from the requirements 

to the software solution, where this solution satisfies all the elements in the set of 

requirements. 

 

“Let the product requirements (r1, r2,…, rn) be the characterization of a product that is 

typically input to the initial requirements engineering activities of a software 

development project, then application engineering AE: R � P is the construction of a 

software product p that satisfies R (i.e. p satisfies all ri in R), i = 1, 2, …, n)” [4].  

 

Definition 4: Domain engineering = “Is the process of developing assets based on a description of a 

domain with the purpose of reusing the assets in systems in the domain” [3]. 

 

Definition 5: Product line = “is a family of products designed to take advantage of their common 

aspects (commonalities) and predicted variabilities”.  [1] 

 

 

4.1.2 Product Line engineering 
 

Product line engineering intends to achieve planned domain-specific reuse by building a family of 

applications in a certain application domain. Figure 3 shows the product line engineering process. 



 

Definition 6: Product Line Scope =

domain D that is determined by a finite number of product requirements So = {R1, 

R2,..., Rn} and Ri ⊆.D. That is, PLS=⊆i=1..n Ri, Rj ⊆ So

 

Definition 7: Family Engineering =

constructs and evolves a Product Line Infrastructure I, that is, a reuse infrastructure 

for products in the application domain D. Thus, I contains artifacts that ar

individually related to concepts in the application domain to guide the definition, 

documentation, classification, and evolution of all artifacts in I

 

Definition 8: Application Engineering =

concrete application P characterized by the product requirements by using the 

product line infrastructure I. The product P is valid if it satisfies R, the requirements 

of a particular customer or custome

 

Definition 9: Product Line Engineering =

software development approach that consists of a product line scope PLS that is part 

of an application domain D PLS 

application engineering approach AE and a product line infrastructure that contains 

the artifacts that are individually related to concepts in the application domain

 

 “… Product Line engineering i

individual systems that are part of the product line can be derived

 

 

4.1.3 A product line approach

 

Figure 3. Product Line Engineering, [5] 

Definition 6: Product Line Scope = “A Product Line Scope PLS defines a subset of an application 

domain D that is determined by a finite number of product requirements So = {R1, 

⊆.D. That is, PLS=⊆i=1..n Ri, Rj ⊆ So”.  [6] 

Definition 7: Family Engineering = “Family Engineering FE: D→I: is a set of activities that 

constructs and evolves a Product Line Infrastructure I, that is, a reuse infrastructure 

for products in the application domain D. Thus, I contains artifacts that ar

individually related to concepts in the application domain to guide the definition, 

documentation, classification, and evolution of all artifacts in I”. [6] 

Definition 8: Application Engineering = “Application Engineering AE: AE: D, R→P* constructs a 

concrete application P characterized by the product requirements by using the 

product line infrastructure I. The product P is valid if it satisfies R, the requirements 

of a particular customer or customer group.” [6] 

Definition 9: Product Line Engineering = “Product Line Engineering PLE = (PLS, FE, AE, I) is a 

software development approach that consists of a product line scope PLS that is part 

cation domain D PLS ⊆.D, a family engineering approach FE, an 

application engineering approach AE and a product line infrastructure that contains 

the artifacts that are individually related to concepts in the application domain

Product Line engineering is the process of developing assets from which the 

individual systems that are part of the product line can be derived” [3

line approach 

                                 

 

Line Scope PLS defines a subset of an application 

domain D that is determined by a finite number of product requirements So = {R1, 

→I: is a set of activities that 

constructs and evolves a Product Line Infrastructure I, that is, a reuse infrastructure 

for products in the application domain D. Thus, I contains artifacts that are 

individually related to concepts in the application domain to guide the definition, 

→P* constructs a 

concrete application P characterized by the product requirements by using the 

product line infrastructure I. The product P is valid if it satisfies R, the requirements 

“Product Line Engineering PLE = (PLS, FE, AE, I) is a 

software development approach that consists of a product line scope PLS that is part 

⊆.D, a family engineering approach FE, an 

application engineering approach AE and a product line infrastructure that contains 

the artifacts that are individually related to concepts in the application domain”. [6] 

s the process of developing assets from which the 

3]. 



Nowadays product line engineering (PLE) is one of the major topics of industrial software 

development. The products of a product line can be enumerated, because it has explicit product 

line basis that is founded on marketing. This property allows for a timely planning of current, new 

and future features in the products, narrowing the space according to the target market and their 

demands, that is creating and evolving the product line as the market evolves, and also meaning 

that at the end only the assets to be reused and paying-off will be developed. However, the 

common idea to build flexibility and reusability between DE and PL enables the reutilization of 

most engineering techniques used in DE. 

 

4.1.4. PuLSE – Product Line Software Engineering 

 

PuLSETM1 [2] [7] is a method developed at the Fraunhofer IESE. PuLSE aims at tackling the 

drawbacks present in other domain and product line engineering approaches.  It proposes an 

incremental methodology consisting of three main components: Deployment phases, Technical 

components and Support components. Figure 4 shows those three main components, and the 

elements contained in them. The relation between deployment phases and technical components 

is given by the color coding. 

 

There are four stages a product line goes through during its lifecycle it starts by initializing the 

product line (Initialization phase), continues with constructing the infrastructure (Infrastructure 

construction), and finalizes with the usage of the constructed infrastructure (Infrastructure Usage); 

during these three stages a cross-cutting phase takes liabilities regarding evolution and 

management of the product line (PL Infrastructure evolution and management). 

 

The first step of pulse (Initialization) takes care for the customization of the method; it means 

specific adjustments are made which match the enterprise context. During the Infrastructure 

construction, the product line scope is defined, the infrastructure is modeled and the architecture 

created. Finally in the Infrastructure usage phase is where the members of the product line are 

created by using the infrastructure assets. These three elements plus the Evolution and 

management represent the set of Deployment phases. 

 

 



 
Figure 4. PuLSE Overview, [2] 

 

More information describing the complete PuLSE process and application can be 

found in [2] [7]. 

  



 

“Think like a wise man but communicate 

in the language of the people.” 

William Butler Yeats 

 

4.2 Documentation 

 

The description of a device, system or application is needed for understanding how does it work. 

This description can be given in many different ways such as speeches, training, and also in textual 

fashion or documentation. The documentation is a mechanism to transfer knowledge off-line, 

available at any time to people having access to it, and offering standard and equal definitions and 

representations to all users. 

 

For this reason documentation is an important asset in the software development process. 

Analogously to the SoC principle, documentation should describe the system from a perspective to 

provide to the reader a good opportunity to reach a good and in some cases deep understanding. 

 

Definition 14: Viewpoint = a view point is a perspective from which to look at a software system.  

“A viewpoint VP = ({C}, MM) is a perspective taken on a software system. A viewpoint 

covers a number of concerns {C} and defines the information associated with the 

concerns in the metamodels MM”. [8] 

 

 
Figure 5. View Based Metamodel, [8]. 

 

The description of the system through a viewpoint can be realized in prose and can also possess 

different graphical views representing needed relationships. In a formal way a viewpoint is 

represented by a view, which is the collection of models abiding to that viewpoint. 

 

Definition 15: View = “A view is a set of models that together represent a viewpoint”. [8]  

 

 

4.3 Variability Management 

 

Since the product line paradigm suggests a shift from single system development to development 

of a family of systems in a cost- and time-effective way, reusing in large scale is the key concept to 

accomplish those goals. To reuse assets in different products is necessary to identify common and 



variable characteristics among the products and keep a track of the impact of making a decision in 

every particular product. 

 

Orthogonal Variability 
The orthogonal variability model (OVM) (shown in Figure 6

line variability independent of its realization in the various product line artifacts. The elements 

documented in the OVM are related to the conceptual models realizing this variability

 

Figure 6. OVM and relationship to existing conceptual models

 

The need to make the PL perspective

lifecycle and in turn over all artifacts becomes evident. The starting point to manage variability is 

to identify what are the variability points by searching in places where they might occur. F

the classification scheme explained by 

 

Variability types 
Variability in features 

Variability in features arises from the different functional 

the product line can offer. In other words, a different and valid selection of features can derive a 

new product. 

 

Variability in workflows 

Variability in workflows arises when the order of procedures or operations 

different workflows, but at the end they deliver the same functionality.

 

Variability in data extension 

Variability in data extension means that different outcomes consisting of objects and attributes 

can be derived, to be more specifi

of a service differs in extent from one system to another.

 

Variability in data types 

                                                          
1
 PL perspective understood as the idea to exploit

variable characteristics among the products and keep a track of the impact of making a decision in 

y model (OVM) (shown in Figure 6) intends to document software product 

line variability independent of its realization in the various product line artifacts. The elements 

documented in the OVM are related to the conceptual models realizing this variability

. OVM and relationship to existing conceptual models, [9] 

The need to make the PL perspective1 pervasive throughout all the stages and iterations in the PL 

lifecycle and in turn over all artifacts becomes evident. The starting point to manage variability is 

to identify what are the variability points by searching in places where they might occur. F

the classification scheme explained by  [9] we have the following types of variability:

Variability in features arises from the different functional characteristics the products members of 

the product line can offer. In other words, a different and valid selection of features can derive a 

Variability in workflows arises when the order of procedures or operations is different between 

different workflows, but at the end they deliver the same functionality. 

Variability in data extension means that different outcomes consisting of objects and attributes 

can be derived, to be more specific, for example the information delivered to the user at the end 

of a service differs in extent from one system to another. 

                   

understood as the idea to exploit the commonalities and control the variabilities

variable characteristics among the products and keep a track of the impact of making a decision in 

to document software product 

line variability independent of its realization in the various product line artifacts. The elements 

documented in the OVM are related to the conceptual models realizing this variability [9].  

 

pervasive throughout all the stages and iterations in the PL 

lifecycle and in turn over all artifacts becomes evident. The starting point to manage variability is 

to identify what are the variability points by searching in places where they might occur. Following 

we have the following types of variability: 

characteristics the products members of 

the product line can offer. In other words, a different and valid selection of features can derive a 

is different between 

Variability in data extension means that different outcomes consisting of objects and attributes 

c, for example the information delivered to the user at the end 

the commonalities and control the variabilities 



Variability in data types means that each and every attribute of a product line member can be 

derived from the different data types. For instance, the user interface supporting graphical-textual 

and speech interfaces. 

 

Variability in system access 

Variability in system access indicates that the system can be accessed in different ways (e.g. via 

Internet, via Terminal, via Telephone) according to their preferences. 

 

Variability in user interfaces 

Variability in user interfaces means that different product members with different HMI can be 

derived. 

 

Variability in system interfaces 

Variability in system interfaces means that a product member with different system interfaces to 

legacy systems (e.g. CRM, ERP – systems) can be derived.  

 

Variability in the quality 

Variability in quality means a product line member with different quality requirements (e.g. safety, 

performance, and availability) can be derived. In general quality aspects are factors considered at 

the early stages of the development (i.e. architecture and design) and not at the final stages as 

maintenance functions. 

 

Once we identified in which way variability can be found, we need to identify the exact variable 

elements present in the product line. As single system development practices we start by eliciting 

the requirements with the stakeholders, and here we initiate with a problem, the communication. 

 

The communication among stakeholders in the requirements elicitation face is always a 

complicated task, because usually there is no common language and vocabulary to express needs 

and wishes. Fortunately, with the domain analysis approach came feature oriented mechanisms 

such as FODA, proposing a language to bridge the gap between end users and developers that 

facilitates the mapping to the product line language (commonalities and variabilities). We are 

talking about features in their graphical representation named: Feature model  [10]. 

 

On one side Günter defines feature as “A product characteristic that users and customers view as 

important in describing and distinguishing members of the product line”  [11]. On the other side 

FODA defines a feature as a prominent and distinctive user visible characteristic of a system.  By 

combining those two definitions we follow the Kwanwoo Lee definition,  

 

Definition 16: Feature = “Features are any prominent and distinctive concepts or characteristics 

that are visible to various stakeholders”.  [12] 

 

Once features are defined they are assigned to products and those features that are present in all 

products are named commonalities and for those that are not present in all products the name is 

variability. 

 

Definition 17: Commonalities = “Commonalities identify the characteristics common to a set of 

products. Let P(Ri) = {p| ⊆ (r Є R) : p satisfies r} be the set of all products 



characterized by the product requirements R ⊆ D, and let PLS be the product line 

scope, then Com(PLS) = ∩(Ri Є S0) P(Ri)  contains all commonalities in S, that is, all 

commonalities of the system family defined by PLS. Note that ∃Si ⊂ S0, Si <> {}: 

Com(Si) ⊃ Com(PLS), which provides important input for defining an efficient reuse 

infrastructure.”  [4] 

 

Definition 18: Variabilities = “Variabilities identify the characteristics not common to a set of 

products. Let PLS be the product line scope, then Var(PLS) =def ∪ (Ri Є S0) P(Ri) – 

Com(PLS) contains the variabilities of PLS.”  [4] 

 

There are many related variabilities; the grouping of variabilities belonging to a same concern is 

called variation point.  

 

Definition 19: Variation point = “one or more locations at which variation will occur”  [13] 

 

And those variation points present a set of properties, with respect to states a variability point 

goes through its lifecycle, those states correspond to transformations concerning variability from 

identification, passing through definition of resolution options, until the time at which it is bound 

to a decision. 

 

Each stage is a classification on how mature the variability is in terms of how many information we 

possess, whether it is or not expressed in the design or development of the product family, what 

are the possible options to resolve the variation, and a final decision about which particular 

variant to use. 

 

At the beginning we start listing the features that may vary among products. In this moment we 

say the variability is in its first stage, identified. After that we know conceptually that variability 

exists, (features are present in either one or more products, not all products), but there is still in 

the air how to take care of it, then we say the variability is implicit. In the moment variability is 

represented (now called variation point) in design or implementation, variability is transformed 

into introduced. However, so far we don’t know what options are available to resolve the 

variation point, the population of the variation point with variants leaves us in the next stage, 

populated. Finally, when a decision is made on what variant to use the variability is bound [14]. 

 

Since features are in the identified state the classification of them is done by naming them as 

mandatory, alternative and optional, we also have external features that are features offered by 

the platform in which the system will operate. Even when the system doesn’t implement them is 

important to consider them because the system depends on them  [14]. 

 

For features in the bounded state we can have different binding times. We talk of architecture 

derivation binding when particular variants in an architecture are selected for the respective 

variation points, this producing a particular product architecture. We perform compilation binding 

when the compiler interprets the processor directives and prunes the code or extends behavior 

(e.g. macros and aspects). Binding at linking time is where the modules separately compiled are 

linked together, and inter-module references are resolved. Binding at run-time means that the 

values are assigned a variables and the memory is allocated.  

 



Some typical binding times and techniques are resumed in Table 2. 

 

Binding Time Technique 

Modeling DSLs, transformations, 

generators 

Source Manual Programming 

Compile Function overloading, pre-

compiler, template evaluation, 

static aspect weaving 

Deployment/ 

Configuration 

Component deployment 

(implementation of interfaces), 

environment variables 

Linking DLLs, class loading 

Run-time Virtual functions, inheritance & 

polymorphism, factory-based 

instance creation, delegation, 

meta programming, data 

driven (tables, interpreters) 
Table 1. Techniques applied at different binding times 

 

The techniques aforementioned are related to internal binding, that is, the system needs to be 

aware of the variation point and choose the variants populating it. There exists another manner of 

binding namely, external binding, what means, the binding is done outside the system and the 

system is not aware of the variation point and does not need to consider the variability [15]. 

 

We make two additional definitions.  

 

Definition 20: Product Crosscutting Feature = let P be the products of the product portfolio, P’ the 

subset of products with higher priority, P’ ⊆ P. A product crosscutting feature f is 

defined as, {| f: feature, ∀p Є P’ : f is present in p}. 

 

Definition 21: Component Crosscutting Feature = let C be the components of the system 

architecture. A component crosscutting feature f is defined as, {+ | f: feature, c Є C : 

∑ �. �����	�
��� � � �  1}. 

  

The first is product crosscutting feature, a product crosscutting feature represents a feature that 

is present in a subset of products we assigned in some way a higher priority. A second definition is 

the component crosscutting feature, this definition refers to a feature that is realized in more than 

one component or cluster of components. 

 

Definitely, the construction of architecture is not an easy task and more when the eagerness of 

constructing a flexible and “multi-purpose” architecture plays its role. The variability that should 

be handled by the architecture should be not too broad neither to narrow. 

 

The architecture should not be too flexible since every variation point introduces new 

maintenance and reduces the understandability of the software  [16]. To provide an adequate 



degree of flexibility we need to make decisions from the stage when variability is designed 

(introduced) until when it is bound.  

 

When to bind? 

Reminding what binding is; binding the system to a particular variant means selecting the single 

specific variant of a variation point. This binding must be done in one of the following software 

lifecycle phases: architecture derivation, compilation, linking and runtime. 

 

When is it possible to populate? 

A variation point experience exactly one out of two states with respect to population in each one 

of the development phases. The two possibilities are either open or closed. 

 

Definition 22: Open variation point = a variation point to which new variants can be added after 

the set of variants was specified. 

 

Definition 23: Closed variation point = a variation point to which no extra variants can be added. 

 

Variation points are open during a limited period and they should be populated within that period 

by adding new variants or removing old ones, in phases different from the ones comprised by the 

period there is no chance to change the set of available variants and the variation point is closed. 

The period is specified by using the lifecycle phases of the system (i.e. all phases from architecture 

to run-time). 

 

Population can be done implicitly or explicitly. Explicit population differs from implicit population 

in the sense that the variants are managed inside the system. 

 

Definition 24: Implicit population = the variation point does not have any knowledge about the 

members in the available variants set and they are nor listed nor represented as 

such in the system. 

 

Definition 25: Explicit population = the variation point possesses a manifested list of available 

variants in the set and the system is aware of all possible variants.  

 

Product Line architectures 
Product Line Architectures rely heavily on the variability management delaying design decisions to 

later stages in the application engineering. There are different variability realizations techniques 

depending on the binding time (e.g. architecture derivation, compilation, linking, and runtime) and 

the software entities involved (e.g. frameworks, components, classes, lines of code). 

 

Variability Representation 
Variability is an important concept that should be not only addressed during the whole product 

line life cycle, but also reflected and represented in a consistent way. A good variability 

management in product lines affects enormously the success of the whole product line. To make 

variability explicit in a good representation impacts positively the success of the product line.  [9] 

[17] 

 

Variability in requirements 



Feature model 

The modeling of features consists of the identification of visible characteristics (features) and the 

organization into a hierarchical structure with certain characteristics. The hierarchy is organized in 

four layers respectively capabilities, domain technologies, implementation techniqu

operating environments. 

 

In the feature diagram common features are modeled as mandatory and variant features as either 

optional or alternative. Optional features can be simulated with an O

can be selected, whereas alternative features can be simulated with a XoR (exclusive) gate where 

only one of the options can be selected.

 

The mapping between feature and the PL specific language 

in a straightforward way with the help of the variation point. This direct mapping suggests at least 

three types of variability: optional and alternative. We follow the variation point classification of 

[4], this classification is shown in Figure 7

 

 

Variability in architecture 

It is of major importance not staying in the 

solution space. The first step in the path from the problem space and specification (requirements) 

to the solution space is the architecture. The architecture of the Product Line must reflect all 

product variants that can be derived from the feature model.

 

In the solution space functionality and quality attributes are addressed. The architecture is the 

asset by excellence attending to non

element supporting them. Architecture does not only serve design purposes it also helps 

management, for instance with the separation of work, and is where the real understanding of a 

system operation begins. 

 

The drivers to design architecture are a combination of

business considerations. Typically the use of a mechanism (i.e. architectural style or pattern) 

causes changes on more than one view. 

 

The modeling of features consists of the identification of visible characteristics (features) and the 

organization into a hierarchical structure with certain characteristics. The hierarchy is organized in 

capabilities, domain technologies, implementation techniqu

In the feature diagram common features are modeled as mandatory and variant features as either 

optional or alternative. Optional features can be simulated with an OR gate where various options 

can be selected, whereas alternative features can be simulated with a XoR (exclusive) gate where 

only one of the options can be selected. 
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ssification is shown in Figure 7. 

Figure 7. Types of Variation Points, [4] 

It is of major importance not staying in the problem space, is necessary to move towards the 

solution space. The first step in the path from the problem space and specification (requirements) 

to the solution space is the architecture. The architecture of the Product Line must reflect all 

ants that can be derived from the feature model. 

In the solution space functionality and quality attributes are addressed. The architecture is the 

asset by excellence attending to non-functional requirements, because it is the most important 

supporting them. Architecture does not only serve design purposes it also helps 

management, for instance with the separation of work, and is where the real understanding of a 

The drivers to design architecture are a combination of quality attributes, critical functionality and 

business considerations. Typically the use of a mechanism (i.e. architectural style or pattern) 

causes changes on more than one view.  

The modeling of features consists of the identification of visible characteristics (features) and the 

organization into a hierarchical structure with certain characteristics. The hierarchy is organized in 

capabilities, domain technologies, implementation techniques, and 

In the feature diagram common features are modeled as mandatory and variant features as either 

R gate where various options 

can be selected, whereas alternative features can be simulated with a XoR (exclusive) gate where 

commonalities/variabilities- is done 

in a straightforward way with the help of the variation point. This direct mapping suggests at least 

three types of variability: optional and alternative. We follow the variation point classification of  

 

problem space, is necessary to move towards the 

solution space. The first step in the path from the problem space and specification (requirements) 

to the solution space is the architecture. The architecture of the Product Line must reflect all 

In the solution space functionality and quality attributes are addressed. The architecture is the 

functional requirements, because it is the most important 

supporting them. Architecture does not only serve design purposes it also helps 

management, for instance with the separation of work, and is where the real understanding of a 

quality attributes, critical functionality and 

business considerations. Typically the use of a mechanism (i.e. architectural style or pattern) 



5. State of the art 

Figure 8. Variabilit

 

Feature models are one of the most common mechanisms used to specify variability in product 

lines, examples are found in  [

feature modeling are FODA [10]

and Bosch modeling techniques 

 

Techniques like FODA that stands for Feature Oriented Domain Analysis has as primary focus the 
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identification enables generic descriptions of the requirements 
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surged, Benavidez  [24] extends feature models to models with extra functional fe
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structures, and when more than one system is addressed Brown and Gawley 

bidirectional feature model or Rationalized Feature Modeling.
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“I don't paint things. 

I only paint the difference between things.” 

Henri Matisse 

 

6. View supported Variability Identification 

6.1 View Based Representation 

 

 

Since different stakeholders with different concerns are involved in the process of definition and 

development of a product line, there should be a common mean to communicate to them the 

solution approaches and take decisions on how to manage them. 

 

It is also of major importance to make things explicit and avoid misunderstandings or the typical 

situation where people using the same vocabulary are referring to complete different things. 

 

The use of views not only helps in easing these tasks, but also because it shows additional 

information, distribution and circumstances not viewable at first glance or even after having 

analyzed the problem many times. Another advantage that views provide is the representation of 

relationships that can lead to better solutions, configurations or also conflicts. 

 

The use of views from low level to high level and crossing them enables more complete analyses 

and more significant drawing of conclusions. For instance in a domain complete unconnected like 

detection of compromised systems (i.e. security of a system) or what is called rootkit detection 

uses view and crosses them to find facts that lead them to find where and when the system was 

compromised. In our case the use of views allows us to put everything into scene and the different 

crossing we can perform with them provides us with more information to balance tradeoffs, make 

more accurate decisions and take more advantages. 

 

Model: 

Let V be the set containing all the views representing the system, S the set containing the different 

stakeholders interested in the views, C the set containing the concerns a view tries to capture, and 

T the set of the tasks performed by the stakeholder s. Then, 

 

V = {s Є S, c Є C | s is interested in c}, this view contains information about certain concerns in 

which different stakeholders are interested in. 

 

Let function U(v, s) be a function f: v Є V, s Є S → usefulness measure, then in general u(v1,s1) = 

u1, u(v2,s1) = u2, 

 

If we made a cross product of different views v1 x v2 x v3 and applying filtering to irrelevant 

information we have, 

u(filter(v1x v2 x v3), s) >= min(u(v1,s), u(v2, s), u(v3,s)). 

  

The crossing of views can be seen analogy as the creation of 3D images out of 2D images. Not all 

the images are important, not all elements in the images are important, and not any combination 



of images work to be able to create the expected result. But by choosing the right combination an 

additional dimension can be constructed or come to light. 

 

Our purpose is not to derive a mechanism to choose the best combination of views for different 

concerns. Our concern is the variability management in scoping and architecture of a product line. 

Therefore we will propose some particular views that facilitate the variability management tasks, 

help discovering problems and support a more informed decision making. 

 

6.2 Views Supporting Variability Identification 
The views we propose in the scoping and architecture are as follows: 

 

6.2.1 Views in scoping 
 

The views we have for scoping are the feature model and the product feature matrix. 
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Layer1 Subdomain1 1 F1 r1 x     
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Layer2 Subdomain1 3 F3 r3 x     

Layer2 Subdomain2 4 F4 r4    x  

Figure 10.  Product Feature Matrix 

 

The product feature matrix is structured in the following way: 

In the first column we find the layers (e.g. the layers proposed in the feature model, capabilities, 

domain technologies, implementation techniques, and operating environments). In the second we 

have the sub-domains we can find in the layer. An Id and rationale are assigned to each one of the 

features. Finally we have the part with the crosses indicating which features are present in which 

products. 

 

From this product feature matrix we can extract commonalities and variabilities. Commonalities 

are represented by the rows with crosses in all the products and variabilities are represented by 

the rows with crosses only in some of the products. 

 

Analyzing the product feature matrix variability is at least in the introduced phase, and some of 

the variations points can be in the populated state. 

 

In order to get additional information from the product feature matrix a new column for each one 

of the projects was added and different possible values for the first column were set. The new set 

of values for the first column consists of three elements: M stands for mandatory features, O for 

optional features and A for alternative. The second column named maturity indicates the degree 

of maturity expected in this feature at the end of the development. The set of possible values 

consists of four elements: VM stands for very mature, M for mature, I for immature, and U for 

used. In the case of value Used it means the feature will not be provided by this product, but it will 

be reused from another one or offered by external components. 
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Figure 11. Customized Product Feature Matrix 
 

From this product feature matrix we can extract commonalities and variabilities, but not in the 

same way as before. For commonalities we need to have M as value of all columns Type in all the 

products. For example feature five and eight are commonalities.  
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Figure 12. Commonalities View 

 

We can also extract variabilities and even divide them further into optional or alternative. This 

extraction should be done individually by product, with that we have our first view. For reasons of 

space the rationale column is hidden. 

 



Optional and alternative variabilities view 
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Figure 13. Optional /Atlernative Variabilities View 

 

A view showing the external variability or what is the same feature with U’s in the maturity 

column. With that we have our second view. 
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Figure 14. External Variabilities View

 

We can also observe crosscutting features. Nevertheless is important to make a distinction about 

which dimension features are crosscutting. We define then crosscutting features traversing 

products dimension and crosscutting features traversing components dimension. 

 

For the first definition we use the term Product crosscutting feature. A Product crosscutting 

feature represents a feature that is present in a subset of products we assigned in some way a 

higher priority. For the second definition we use the name Component crosscutting feature. A 

Component crosscutting feature is a feature that is realized in more than one component or 

cluster of components. 

 

For example feature one is a Product crosscutting feature and a Component crosscutting feature. 

Features four, six, seven, eight and ten are examples of component crosscutting features. 

 

Hence, with the first extra concept we have our view number three. 

 

Product crosscutting features 
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Figure 15. Product Crosscutting View 



Many other views can be derived by combining the different values of the columns. 

 

6.2.2 Views in Architecture 
 

Having the structural model of the architecture such as the one shown in Figure 16 we can assign 

the components where the variation points will be realized. In order to assign this information we 

extract the variation points and sub-domains found in the scoping phase. 

 

For the explanation we will assume 9 variation points, and 2 sub-domains. The variation points 

number 1, 2, 3, 6, 7, and 8 correspond to sub-domain 1, and the rest to sub-domain 2.  

 

Our first view is Variability in architecture Scheme 1. In this scheme we can see an m to 1 mapping 

for each layer and component, we can see all the variation points realized in one component. 

 

 

6.2.2.1 View in Architecture – Scheme 1 

 

The structure of the view is as follows: 

 

Elements: The elements of the structure of the architecture are layers and components. The 

elements of the variability are variation points. 

 

Connections: The relation between a variation point and a component indicates in which 

component the variation point is realized. 



 
 

 

6.2.2 View in Architecture - Scheme 2 

 

In scheme 2 we have the following structure: 

 

Elements: The elements of the structure of the architecture are layers and components. The 

elements of the variability are variation points. 

 

Connections: The relation between a variation point and a component indicates in which 

component the variation point is realized. 

VP 9 

VP 6 

VP 2 VP 1 

VP 4 

VP 3 VP 5 

VP 7 VP 8 Variation 

Point 

Legend 

Figure 16. Architecture Variability View - Scheme 1 



 

Sub-domain: a selected sub-domain with its respective variation points. 

First we separate the two sub-domains. For each sub-domain we have a view relating variation 

points of that sub-domain and the components where the variation points are realized. And at the 

end we have as many views as sub-domains. 
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VP 3 

VP 7 VP 8 

Subdomain 1 

Subdomain 

Legend 
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Figure 17. Architecture Variability View - Scheme 2 Sub-domain 1 Figura 17. Architecture Variability View - Scheme 2 Sub-domain 1 



 
 

6.2.2 View in Architecture – Product/Component Crosscutting view 

 

For this view we make use of three concepts: independent features, distributed features, and 

product crosscutting features which was previously defined. 

 

An independent variable feature is a feature is realized in exactly one component, that is, the 

functionality of this variation point is found in exactly one site. A distributed variable feature is a 

feature that to be realized completely is realized in more than one component, that is, its 

implementation is divided over different components. 

 

To produce the view we take the list of features identified in scoping and after assigning the 

implementation of the features to the respective component where they should be implemented 

we can extract the information corresponding to the definitions of independent of distributed. For 

the last column regarding the product crosscutting features we bring this analysis from the 

Product Feature Matrix and make it explicit. 

VP 9 

VP 4 

VP 5 

Subdomain 2 

Subdomain 
Legend 

Variation Point 

Figure 18.  Architecture Variability View - Scheme 2 Sub-domain 2 Figure 18. Architecture Variability View - Scheme 2 Sub-domain 2 
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Figure 19. Architecture Variability View - Tabular Representation 

 

  



“What is research but a blind date with knowledge?” 

Will Harvey 

7. Case study 

7.1 Case Study Description 
 

 

This case study intends to validate the improvement on variability identification that can be 

attained with additional views in the scoping and architecture phases of software product lines. 

The specific context in which this goal will be proven is the AAL context at the Fraunhofer IESE, 

Kaiserslautern. For this reason five views representing variability in those two different stages 

were developed and will be put to the test. Each view is first tested in relation to specific roles and 

the results compared to perceive utility of views for several different roles. 

 

The goal-oriented methodology used to measure this experiment is based on GQM. Next the GQM 

template is used for describing each one of the measurement goals. 

 

GQM Goal Template 

Object: Usefulness of views representing variability 

Purpose: Improving variability identification in scoping and architecture phases 

Quality Focus: usefulness 

Viewpoint: Project manager, Product Line Manager, Developer, Architect, Marketing 

Context: AAL product line 

 

GQM Goal Refinement 

Analyze Usefulness of views representing variability 

For the purpose of improving variability identification in scoping and architecture phases 

With respect to usefulness 

From the viewpoint of the project manager, product line manager, developer, architect, and 

marketing expert 

In the context of AAL product line 

 

Hypothesis: “The views are useful and support the variability identification process” 

 

In the next section a pointing to previous knowledge with respect to the activities in the AAL 

product line is done, following a description of the participants taking part in the case study. Later 

the material provided for the experiment will be explained, and the setup and course of action of 

the experiment will be illustrated. Continuing the data collected will be structured and presented, 

analyses performed and to finalize drew conclusions regarding the goals will be exposed. 

 

Previous related activities conducted 

Previously to this case study a workshop in the scoping phase was performed. The purposes of the 

workshop were to assign features to the products identified for our product line and to assign 

values to the feature characteristics for each one of the projects.  

The audience of this workshop had a total of 8 experts. Within the roles we had product lines 

manager, developer/architect, marketing experts and external stakeholders. The workshop started 

with a briefing on the AAL projects and the motivation to create a product line out of them. After 

that values in the product feature matrix were assigned and as a result the data was consolidated.  



 

Participating subjects 

The participants of this case study were divided into two groups. One group evaluating the 

usefulness of views in scoping and another group evaluation views in architecture. Six roles took 

part in each of the analysis activities and the organization into groups was done as follows: 

 

Scoping 

ROLE Number of 

participants 

Number of 

workshop 

attendees 

Project Manager / Product Line Manager 3 3 

Architect 2 2 

 

Architecture 

ROLE Number of 

participants 

Number of 

workshop 

attendees 

Project Manager / Product Line Manager 2 2 

Architect 2 2 

Developer 1 1 

 

Experimental materials 

The material used for the experiment consisted of 3 excel views related to scoping and 

architecture, and 3 graphical views related to architecture. Additionally a questionnaire for each 

one of the roles participating was provided. 

 

The table below describes the variability views in scoping: 

 

View Name Phase of 

Variability 

Description 

Alternative/Optional Variabilities  Scoping This view shows the optional and 

alternative variabilities of the product 

line 

External Variabilities Scoping This view shows the variable features 

not developed in any of the products, 

but provided by third party systems and 

used in the product 

Crosscutting Product Features Scoping This view shows the variabilities 

crosscutting the products and the 

maturity that should be reached at the 

end of the development 

Table 2. Variability Views in Scoping 

 

The table below describes the variability views in architecture: 

View Name Phase of 

Variability 

Description 

Feature Distribution (Scheme 1) Architecture This view shows a graphical 

representation of the distribution of 

variable features over the components 

under scheme 1 

Feature Distribution (Scheme 2) Architecture This view shows a graphical 



representation of the distribution of 

variable features over the components 

under scheme 2 

Tabular representation Architecture This view shows the number of variable 

features implemented by each 

component 

Table 3. Variability Views in Architecture 

 

The data presented in the views was taken from the instantiation of the PuLSE scoping and PuLSE 

architecture processes in the context of the Fraunhofer IESE AAL Product Line. 

 

Experimental setup and course of action 

Since there was a previous workshop conducted in the scoping phase, all workshop attendees 

were interviewed independently. The interview had the following structure: first a small briefing 

and explanation of the experimental material was done and afterwards the questionnaire 

corresponding to the role of the interviewee was delivered and filled out. 

 

For the architecture analysis a workshop integrating all the participants was done. The workshop 

began with a briefing session explaining the AAL and the views extracted for architecture. Only 

one of the participants was not present in the scoping workshop, therefore we decided to update 

him previously and conduct this part of the case study only for the views related to architecture. A 

questionnaire corresponding to each one of the roles was delivered and answered by the experts. 

 

After both kinds of questionnaires were answered data was collected, aggregated and analyzed, 

and conclusion regarding the goal drew. The questionnaire used a six-level Likert scale, with values 

corresponding to: Agree Strongly, Agree Moderately, Agree Slightly, Disagree Slightly, Disagree 

Moderately and Disagree Strongly. The reason to use a six-level scale is to avoid answers of the 

kind “neither agree nor disagree” which do not provide us with any information. 

Each questionnaire contains between fifteen and maximum twenty questions. All the 

questionnaires can be found in Appendix B.  

 

Measurement 

Usefulness: "…the degree to which an individual believes that using a particular system would 

enhance his or her job performance." 

 

AU: Rating of the Aspect of Usefulness 
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 “There are three principal means of acquiring knowledge. . .  

observation of nature, reflection, and experimentation.  

Observation collects facts; reflection combines them;  

experimentation verifies the result of that combination.” 

Denis Diderot 

 

8. Validation 

8.1. AAL Context as validation domain 

8.1.1 Introduction 

 

The AAL projects aim at helping elderly people sometimes suffering from particular diseases to live 

their lives in a more natural way within the environment there are used to live the last time. 

 

With this purpose in mind the AAL activities are focused on providing automated solutions, in a 

way the assisted person does not feel the presence of the system by this being pervasive. 

 

In order not only to expose all the benefits an ambient assisted is intended to supply in terms of 

health and services, the financial and marketing aspects are also important and needed to 

address. Currently many of these systems are being developed by many independent companies 

or in our case by joint partners making part of a consortium. 

 

The Fraunhofer IESE, Kaiserslautern as member of different consortia develops and handles 

particular needs of each one of the proposals by means of projects. Most of the projects share a 

high degree of common ideas and goals as well, that gives room to Product Line activities to 

outperform the single system development approach changing to a more productive and 

optimized strategy. 

 

 

8.1.2 AAL description 
 

The Ambient Assisted Domain covers different spheres of assistance and help. An Ambient 

Assisted Living system can be defined as: 

 

“Equipment and services for the independent living of people, via the seamless integration of 

info-communication technologies within homes and extended homes, thus increasing their 

quality of life and autonomy and reducing the need for being institutionalized .”
3
 

 

These spheres are 3, correspondingly: Comfort, Autonomy enhancement and Emergency 

Assistance. 

 

                                                           
3
 Definition provided by the Ambient Assisted Living European technology and innovation funding programme – Preparation 

of a new European initiative for IT supported solutions. 



                      
Figure 20

AAL 

 

AAL living aims at (i) making possible for elderly to live in their preferred environment for a longer 

time by increasing their autonomy, self

their health condition and capabilities, (iii) maintaining the elderly into an active social 

environment and preventing the isolation, (iv) supporting of carers, families and care 

organizations, and (v) increasing the efficiency

societies. 

 

AAL Joint Programme 

 

The EC-funded program AAL
4
 intends to provide maintain and enhance the independent living of 

the elderly people as the demographic status indicates we are in the middle of an already 

populated ageing society, and which will become bigger as years go by.

 

Demographics not only show a high incremental rate of ageing, but also indicate the unbalance 

that will experience in terms of percentage between elderly people and the rest of the inhabitants. 

Impacts in the social and medical service as well as in elderly’s life quality are forese

also be supported by the ICTs. 

 

In front of all this background the AAL

provide assistance for them in their daily living and lower social security costs. The core of the AAL 

Joint Programme is to offer solutions for end users

services based on Information and Communication Technologies. 

                                                          

4
 AAL was funded as a Specific Support Action project under the 

Programme. 

5
 Ambient Assisted Living Joint Program is a 

the participation of 20 European members (Austria, Belgium, Cyprus, Denmark, Finland, France, Germany, Greece, 
Hungary, Ireland, Italy, Luxembourg, the Netherlands, Poland, Portugal, Romania, S
Kingdom) and 3 associated states (Israel, Norway and Switzerland).

6
 Definition of end-users in AAL Joint Programme

 - Primary end-user is the person who actually is using an AAL product or service, a single 
person”. This group directly benefits from AAL by increased quality of life.

- Secondary end-users are persons or organisations directly being in contact with a primary end
and informal care persons, family members, friends, neighbours, care organisations and their representatives. This 
group benefits from AAL directly when using AAL products and services (at a primary end
indirectly when the care needs of primary end

- Tertiary end-users are such institutions and private or public organisations that are not directly in contact with AAL 
products and services, but who somehow contribute in organizing, paying or enabling them. This group includes the 
public sector service organizers, social security systems, insurance companies. Common to these is that their benefit 

 
20. Classification of the home care system domain 

AAL living aims at (i) making possible for elderly to live in their preferred environment for a longer 

time by increasing their autonomy, self-confidence and mobility, (ii) monitoring and supporting 

their health condition and capabilities, (iii) maintaining the elderly into an active social 

environment and preventing the isolation, (iv) supporting of carers, families and care 

organizations, and (v) increasing the efficiency and productivity of used resources in the ageing 

intends to provide maintain and enhance the independent living of 

the elderly people as the demographic status indicates we are in the middle of an already 

populated ageing society, and which will become bigger as years go by. 

a high incremental rate of ageing, but also indicate the unbalance 

that will experience in terms of percentage between elderly people and the rest of the inhabitants. 

Impacts in the social and medical service as well as in elderly’s life quality are forese

In front of all this background the AAL
5
 initiative emerges with the aim to address elderly’s needs, 

provide assistance for them in their daily living and lower social security costs. The core of the AAL 

gramme is to offer solutions for end users
6
 by creating innovative products, systems or 

services based on Information and Communication Technologies.  

                   

was funded as a Specific Support Action project under the IST priority within the 6th European Framework 

Ambient Assisted Living Joint Program is a joint research and development (R&D). This multi-country initiative counts with 
the participation of 20 European members (Austria, Belgium, Cyprus, Denmark, Finland, France, Germany, Greece, 
Hungary, Ireland, Italy, Luxembourg, the Netherlands, Poland, Portugal, Romania, Slovenia, Spain, Sweden and the United 
Kingdom) and 3 associated states (Israel, Norway and Switzerland). 

users in AAL Joint Programme 

user is the person who actually is using an AAL product or service, a single individual, “the well
person”. This group directly benefits from AAL by increased quality of life. 

users are persons or organisations directly being in contact with a primary end-user, such as formal 
members, friends, neighbours, care organisations and their representatives. This 

group benefits from AAL directly when using AAL products and services (at a primary end-user’s home or remote) and 
indirectly when the care needs of primary end-users are reduced. 

users are such institutions and private or public organisations that are not directly in contact with AAL 
products and services, but who somehow contribute in organizing, paying or enabling them. This group includes the 

rvice organizers, social security systems, insurance companies. Common to these is that their benefit 

AAL living aims at (i) making possible for elderly to live in their preferred environment for a longer 

) monitoring and supporting 

their health condition and capabilities, (iii) maintaining the elderly into an active social 

environment and preventing the isolation, (iv) supporting of carers, families and care 

and productivity of used resources in the ageing 

intends to provide maintain and enhance the independent living of 

the elderly people as the demographic status indicates we are in the middle of an already 

a high incremental rate of ageing, but also indicate the unbalance 

that will experience in terms of percentage between elderly people and the rest of the inhabitants. 

Impacts in the social and medical service as well as in elderly’s life quality are foreseen and can 

initiative emerges with the aim to address elderly’s needs, 

provide assistance for them in their daily living and lower social security costs. The core of the AAL 

by creating innovative products, systems or 

6th European Framework 

country initiative counts with 
the participation of 20 European members (Austria, Belgium, Cyprus, Denmark, Finland, France, Germany, Greece, 

lovenia, Spain, Sweden and the United 

individual, “the well-being 

user, such as formal 
members, friends, neighbours, care organisations and their representatives. This 

user’s home or remote) and 

users are such institutions and private or public organisations that are not directly in contact with AAL 
products and services, but who somehow contribute in organizing, paying or enabling them. This group includes the 

rvice organizers, social security systems, insurance companies. Common to these is that their benefit 



 

About the programme Viviane Reding
7
 expressed: "There is no reason for older people in Europe to 

miss out on the benefits of new technologies. The solutions and services resulting from this 

programme will help them to remain active in society as well as staying socially connected and 

independent for a longer time.” 

 

 

8.1.3 Projects description 

 

The different projects currently under development, upcoming or envisioned have different focus 

in particular spheres or even focus on crosscutting concerns. A brief description of the projects is 

given in this section. 

 

 

8.1.3.1 BelAmI - Bilateral German-Hungarian Research Collaboration on Ambient 

Intelligence Systems 
 

BelAmI was the base project for the AAL initiative. The problem trying to be solved by BelAmI 

points towards people with special requirements that are not capable of maintain their 

independence, to remain longer in their own homes without assistance. The solution proposed by 

BelAmI provision is to supply these people with suitable assistance systems that allow them to 

continue with their daily routine in a comfortable and non pervasive experience.  

 

The aspects of BelAmI that can be influenced and in which the IESE plays the leader role are those 

corresponding to care, home automation, platform and connection of sensors to the platform. The 

platform is a component into a service hub which possesses characteristics such as: 

 

• Provision of basic internal services 

• Provision of interfaces to external services 

 

And it helps the service hub with tasks like: 

 

• Coordination of various embedded devices (sensors, actuators, displays, medical 

devices, etc.) in a local environment 

• Rendering of AAL services based on various devices in an integrated way 

• Connection with other service hubs 

 

In few words, the platform is a set of software components that serves as a foundation or base 

which the AAL services and devices communicate with. 

 

 

                                                                                                                                                                                 
from AAL comes from increased efficiency and effectiveness which result in saving expenses or by not having to 
increase expenses in the mid and long term. 

7
 EU Commissioner for the Information Society and Media. 



8.1.3.2 Emerge – Emergency Monitoring and Prevention
8
 

 

The functionality of the EMERGE project can be exposed in terms of 8 main facets namely, 

activities of daily living, psychosocial functioning, self issued emergency call, fall detection, 

unconsciousness, motionlessness, physical health status/vital parameters, and mental health 

status. 

 

Within the monitoring of the activities of daily living are: sleeping, incontinence, toilet use, 

grooming/hygiene, bath/shower, preparing meals/consuming meals, drinking, maintaining 

household, room usage, mobility, standing up and moving, and dressing/undressing. 

 

Within the psychosocial functioning are: self-entertainment, going out, communication with social 

contacts, and management of medication. 

 

Within physical health status/vital parameters we have: EKG (electrical curve), hearth rhythm, 

heart rate, oxygen saturation, blood pressure, blood glucose, respiratory rate, weight, core 

temperature, skin color, skin humidity, seizures. 

 

Within mental health status we find: memory capability, consciousness, reaction time, fine motor 

skills, speaking/hearing/visual abilities. 

 

 

8.1.3.3 OASIS – Open Architecture for Accessible Services Integration and 

Standardization 
 

The main focus of Oasis is to allow elderly people to keep up with their independency in the daily 

life. Oasis intends to reach those goals by means of: 

 

• Placing attention to the nutritional habits of the elderly 

• Increasing the level of physical activity of the elderly 

• Ensuring that the person maintains his/her cognitive skills 

• Empowering and encouraging the social relationship of the elderly 

• Monitoring the elderly user’ health status 

• Assisting the elderly to manage their home environment efficiently 

 

A second goal is the socialization aspect. As time goes by elderly become more isolated, they don’t 

have as regular social contact as they used to have, and additional factors such as memory loss, 

loss of health, which gradually worsen make them more vulnerable. 

 

Oasis wants to help to solve the situation by: 

• Stimulating the communication with relatives and friends with the help of 

technology 

• Collaborating with a space for sharing experiences and thoughts with others 

• Keeping up the brain skills 

                                                           

8
 Project Website: http://www.emerge-project.eu/vision/index.html 



 

Another goal is the autonomous mobility support. It comes due to the insecurity and fear of 

elderly to moving at will in the available transportation means, because of many uncomfortable 

situations and even situations that can put the person at risk. For this they have different means to 

tackle those demands. They are, 

 

• Development of Mobility and Smart Workplaces applications 

• Personalized and customized location and transport information 

 

At a determined age most of the people get retired with the assumption that they will have time 

to do whatever they like to do. But the truth reveals that most of their daily activities were related 

to their job. So at the end it is important for elderly workers to remain active in their work. This 

aspect is addressed in Oasis as “Workability” and comprises solutions such as, 

 

• Design of smart workplaces environment and infrastructure 

• Implementation of Smart workplaces applications 

 

 

8.1.3.4 CCE – Connected Care for Elderly Persons Suffering from Dementia 
 

The CCE project as the other AAL projects intends to solve the situation of dependency that people 

experiences due to the natural ageing process.  Nevertheless, this project focuses specifically in 

the mainstream development of assistive solutions and technologies for dementia sufferers, with 

the potential to be extended to other chronic conditions. 

 

The project balances the technical, business and user-related issues by identifying not only the 

wishes and needs of the users from the system’s functional point of view, but also by following an 

acceptable approach to ethical issue. By carrying out studies involving many stakeholders such as 

RDTs, manufacturers (including SMEs), and end users supported by national groups the project will 

foster the assistive technologies helping the improvement of the well being and care of patients 

suffering from dementia. It allows the project to meet the following objectives: 

 

• Interoperability – Addressed by developing solutions based on standards 

developed by CHA and other appropriate European and national standards 

required to deliver the assistive living solutions. 

• User involvement – Addressed as a key part by involving the elderly, carers, 

healthcare professionals, etc., in order to meet the expectations, capabilities and 

skills needed to reduce the digital fence.  

 

Solutions will also be validated in “real end user” situations. The European dimension will take 

care of issues regarding interoperability among the solutions and how they incorporation into 

different health services models for local care.  

 

8.1.3.5 Rosetta 
 

Previous solutions aiming at monitoring and supporting activities of elderly in their home (e.g. 

monitoring, alarming and video-communication services) have been proposed. The most popular 



ones are the so-called social or personal alarming systems. They are useful for raising alarms when 

problematic situations occur.  However, those systems present many drawbacks and two of them 

are, (i) the need and use of wearable devices; and the second one refers to (ii) the few ease of use 

that it represents to the seniors with reduced cognitive capacity like dementia (e.g. Alzheimer’s 

diseases) and Parkinson’s disease. 

 

Nowadays other systems exist which focus on acute emergency situations (e.g. BelAmI noticing fall 

or sudden inactivity), or detection of the assisted person’s status (e.g Emerge detecting current 

health status and activities of daily living), and in some cases assistance to perform daily living 

activities in a self-determined way is provided manually. 

 

However, none of these systems alert at an early stage when there is a change in behavior that 

could lead to serious problems or an accident. It is known that the early recognition of clinical 

emergency situations can be improved by monitoring activities of daily living, but automatic help 

of systems detecting deviations in behavior in early stages is currently lacking. In other words, 

prevention has not been addressed yet by any existing technical solution.  

 

Another factor impacting the assistance of elderly is that most of the existing solutions only focus 

on some of the required functionalities. This isolation generates an impossibility of making a fully 

functional integrated system saleable at commercially attractive prices. For those reasons Rosetta 

focuses on prevention of emergencies using already existent systems namely UAS and Cogknow 

Day Navigator; making enhancements and aiming at creating a synergy where the result gives 

more than the simple sum of the different systems.  

  



 

9. Results 
 

 

For the evaluation of usefulness several aspects were gathered and scored according to certain 

level of agreement in all the views for the different roles. In general the validation was successful 

and the different roles perceived the views as useful. 

 

The results are given overall and in terms of aspects. The aspects used were: 

1. Control over work 

2. Better decision making 

3. Time saving 

4. Easing of job 

5. Perceived overall usefulness 

6. Future use 

7. Meeting of specific needs 

8. Filtering of irrelevant information 

9. Easy interpretation 

 

And the scoring scale was based on a 6 points Likert scale expressing the level of agreement, 

organized as follows:  

 

1 – Strongly disagreement 

2 – Disagreement 

3 – Weakly Disagreement 

4 – Weakly agreement 

5 - Agreement 

6 – Strongly agreement 

 

For the overall results the measure of usefulness was calculated as the sum of the rating of all 

aspects 
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AUi = Aspect of Usefulness 

 

 

9.1 Results in Scoping  

 

The results on the usefulness of the views are positive. All views present a level of agreement 

superior to 4.5. These results are shown in Figure 21. (Notice the scale going from 4.4 to 4.8). For 

scoping all the views were perceived useful with minor differences in the scoring. 

 

In Figure 21 we can observe that the Optional/Alternative View was the less useful, the external 

and product crosscutting view are same useful, but the combination makes them more useful. 

 



 
Figure 21. Overall Usefulness of the Views 

 

 

A comparison of the evaluation of the different aspects in each one of the views is found in Figure 

22. All the aspects show a positive level of agreement. The lowest rated aspect for all views was 

the ease of interpretation. Hence, explicit explanation of the meanings of certain value 

distributions is needed. This improvement is left to future work.  

 

 

 
Figure 22. Overall Usefulness of Views in Scoping 

4,4

4,45

4,5

4,55

4,6

4,65

4,7

4,75

4,8

Overall Usefulness

Overall Usefulness of Variability Views in Scoping

Optional/Alternative 
Variability View
External Variability 
View
Product Crosscutting 
View
Views in Some 
Combination

0

1

2

3

4

5

6

Overall Usefulness of Variability Views in Scoping

Optional/Alternative 
Variabilities View

External Variabilities View

Product Crosscutting View

View in Some Combination



 

Making an independent analysis of the views, the managers consider Product Crosscutting 

Features view the most useful by itself, and found useful some combination of the views. 

 

 

 
Figure 23. Usefulness of Variability Views in Scoping for Managers 

 

 

9.2 Results in Architecture 

 

Architects consider all views useful, but they claimed that this unanimity is given because they 

cannot rate the usefulness based on scenarios, since they are not that much interested in the 

distribution of features over products. 

 

 

 
Figure 24. Usefulness of Variability Views in Scoping for Architects 
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For the views in architecture, in general the scheme 2 showed a higher usefulness in comparison 

to scheme 1 and the tabular representation. The scheme 1 on its side was found not so useful and 

scheme 2 showed a better representation than scheme 1. 

 

 
Figure 25. Overall Usefulness of Variabilities in Architecture 

 

Managers found the Tabular Representation the most usefulness, because it includes more 

information related to their concerns. However, they also find useful scheme 2 and scheme 1. 
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Figure 26. Usefulness of Variability Views in Architecture for Manager 



As expected, in Figure 27 we can observe that Scheme 1 and 2 are more useful for Architects and 

Developers than for Managers, due to the kind of information they provide and the tasks 

performed for the roles. But Scheme 2 shows higher ratings in comparison with Scheme 1, 

because it seems to be more understandable and readable than Scheme 1. 

 

 
Figure 27. Usefulness of Variability Views in Architecture for Architects 

 

The tabular representation instead is more useful for Managers given that it shows more 

information related to their concerns (i.e. distribution of variabilities across products and 

complexity of the realization of the variability). For architects and most of all for developers this 

information is not of so much interest, and thus the tabular representation view less useful. 

 

 

Threads of Validity 

 

One aspect was assigned to each one of the questions in the questionnaire, but some of the 

aspects are interrelated and overlap among them. Since there was no assignment of weights, or 

formulas to evaluate the correlation among questions this can be a thread of validity. 

 

An additional thread of validity consists in the environment where the views were tested, because 

there is information only valid in a research environment. Therefore the information of the views 

should be adapted and tested in an enterprise environment. 
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“Variability is one of the virtues of a woman. 

It avoids the crude requirement of polygamy. 

So long as you have one good wife you are sure to have a spiritual harem.” 

G. K. Chesterton 

 

 

10. Conclusions and Future Work 
 

 

The use of views helps different stakeholders in their tasks, by providing important information 

and making explicit certain relationships and issues, otherwise not easily and rapidly recognizable. 

The fact that the views are the same for everybody allows a common understanding and avoids 

individual interpretations. 

 

Along this thesis views on variability were presented and instantiated in the AAL domain to 

perform an initial validation of their usefulness. The overall results were positive; there was no 

aspect in which somebody strongly disagrees. People participating in the case studies 

demonstrated interest in the future use of the views and a constructive attitude towards possible 

enhancements, customizations and additional information to meet the needs of the different 

stakeholders.  

 

The information in some of the views is not as deep as it could be, since we tried to make them 

not so complicated for this initial validation. 

 

After this first validation on the usefulness of views on variability, there is a need to devise specific 

views for the different concerns of the stakeholders and add more specific information related to 

the characteristics of the variability (e.g. open/close variation points, binding times, 

mandatory/optional/alternative) (see Section 4.3). The characteristics can be expressed by some 

color coding, letter coding or plain text in the graphical representations and tabular 

representations.  

 

In order to improve the existing views and create new specific ones a methodology following very 

closely the methodology for documenting architecture is suggested, that is, first identifying the 

stakeholders, their concerns and the relevant information for them, and finally finding a good 

representation for all that information. 

Some recommendations are given next for future work. 

 

Recommendations for a better variability description and product understanding: 

• Provision of more variability related information (i.e. type of variation, binding 

times, open or closed, constrained or unconstrained) 

• Combine information of mandatory and variable feature 

 

Some specific recommendations for making the views more easily interpretable are: 

• Explanations of the letter coding 

• More information on the feature names and rationale, in order to avoid 

ambiguities 

• Measure scale for dimensions like maturity 



• Provision of explicit explanation of what certain value distributions mean 

• Correlation among alternatives (i.e. which feature is alternative of another) 

• Identification of scenarios for the view 

• Typical analysis based on common value distributions 

• In the case of the crosscutting features an indication expressing the number of 

crosscuts 

 

Recommendations for additional views: 

• A view showing the layering and sub-domains structure 

• A view relating variability and use cases 

 

For further validations, this validation was conducted in a research environment, which has some 

differences in comparison with an enterprise environment. Therefore new and customized views 

should be adapted and tested in an enterprise context to draw more general and specific 

conclusions. 
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