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1. Introduction 
 
Software Product Lines [1] (SPLs) represent nowadays one of the most effective 
techniques to improve the reusability and extensibility of system families [2]. SPLs 
approaches motivate the development of a set of systems by clearly separating their 
common and variable features. A feature [3] is a system property or functionality that 
is relevant to some stakeholders and is used to capture commonalities or discriminate 
among systems in SPLs. Along all the SPL development, the features are used to 
guide the design and implementation of an extensible architecture and associated 
implementation artefacts that aggregates the SPL common and variable features.  

Although several industrial projects have reported the successful adoption and 
application of SPLs techniques, several challenges still remain related mainly to the 
behaviour of existing techniques and tools in the context of SPL evolution. SPL 
evolution deal with complex scenarios that demand the accommodation of new 
products (with their respective new features), thus it requires adding, removing or 
modifying existing SPL features. One fundamental issue that can contribute to 
provide an improved management of features in order to tame the SPL development 
and evolution is the understanding and modelling of the intrinsic relationships 
between its features and requirements. It happens because both features and 
requirements are used to guide the specification of the SPL architecture and the choice 
of implementation techniques that modularizes its respective variabilities. Thus, the 
modelling and documentation of these relationships provides benefits to support not 
only the development activities, but also to evolve the SPL by allowing, for example, 
the impact analysis of changing specific features or requirements.  

In this context, our research work focus on the definition of new semantic and 
syntactic model-driven mechanisms and tools that allows better defining and 
understanding these intrinsic relationships between features and requirements during 
the development and evolution of a SPL. This is fundamental to improve the SPL 
engineers’ abilities to manage the commonalities and variabilities being addressed by 
an SPL architecture. As a consequence, this improved variability management also 
contributes to facilitate the change impact analysis of adding, removing or evolving 
the SPL features and requirements.  

In this document, we propose new mechanisms and tools that allow managing the 
relationships between features and requirements. First, we illustrate how the existing 
requirements description language (RDL) that supports semantic based reasoning in 
aspect-oriented requirements engineering can be extended to support the modelling of 
SPL variabilities. Then, we describe the Variability Modelling Language for 
Requirements (VML4RE) that is used to specify concisely relationships between 
existing variability models and other requirements models (e.g., use cases and activity 
models). Both RDL and VML4RE define metamodels that enables the aspect-oriented 
composition of SPL features and requirements.  

The rest of this document is structured as follows: Section 2 presents a 
background about domain analysis and model driven approaches for SPL 
requirements engineering.  Section 3 gives an overview of a home automation system, 
called Smart Home, which will serve to illustrate the use of the techniques presented 
in section 4 and section 5. Section 6 discusses the benefits and challenges related to 
the use of these techniques in SPL development, emphasizing their complementary in 
specific contexts. An overview about the tool support methodology is presented in 
Section 7 and Section 8 provides a conclusion of the report. Finally, the appendixes A 
and B present the RDL and VML4RE code related to the examples used in this 
document. 
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2. Background 
 
In this section, we briefly give an overview of existing SPL domain analysis 
approaches (Section 2.1) and show how many of them are being defined based on 
model-driven engineering techniques (Section 2.2).  
 

2.1 SPL Domain Analysis Approaches 
 
Current SPL development approaches are organized according to the following 
stages: (i) domain engineering (also called, product line engineering) – whose main 
aim is to develop an extensible architecture and respective implementation 
components (code assets) that can be reused to produce the different SPL products; 
and (ii) application engineering – that defines activities to systematically reuse and 
customize the implementation components produced during domain engineering in 
order to address the need of specific customers.  

In domain engineering, the SPL requirements are initially elicited and 
documented in a set of activities, called domain analysis. The first activity is to define 
the SPL scope to focus on during its development.  After that, the SPL engineers 
concentrate on the modelling and specification of features and requirements in order 
to achieve the proposed scope. A feature [3] is a system property or functionality that 
is relevant to some stakeholders and is used to capture commonalities or discriminate 
among systems in SPLs. 

Most of the existing SPL approaches define processes and activities to the 
domain analysis stage [4-6]. A feature model is always produced to specify the SPL 
commonalities and variabilities. Additionally, other requirements models can be 
defined in order to make explicit the functionalities and non-functional properties to 
be addressed by the SPL architectures. The feature and requirements models are then 
used as a reference along all the process to guide the development of the SPL. 

According to Pohl et al [4], modelling variabilities (variation points, variants and 
their relationships) only represents part of the work when developing and maintaining 
the variability of SPL artefacts. Variability expressed in variability models, such as 
feature [3] or orthogonal variability models [4], must be also related to software 
artefacts specified in other models (e.g., UML-based models). The first step towards 
documentation and management of these relationships is to define traceability links 
between the variability model and other development artefacts. 

The importance of understanding and specify the intrinsic relationships between 
features and requirements has been emphasized by many recent research work [4, 7, 
8]. In fact, the capacity of understanding and reasoning about the relationships 
between them is fundamental to support the seamless evolution of the SPL 
architecture. Next subsection briefly describes recent proposed model-driven 
approaches that provide support to manage these intrinsic relationships between 
features and requirements.  

 

2.2 Model-Driven RE Approaches for SPL Development 
 
In order to provide support to define the relationships between SPL concerns like 
features and requirements, some approaches have been recently proposed. Most of 
them motivate the adoption of model-driven engineering as a key technique to 
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automate the specification and processing of these relationships. Next, we briefly 
detail these approaches by emphasizing their benefits and limitations.   

Pohl [4] separates variability from functional information, in an orthogonal 
model. He proposes a variability metamodel that includes the following relationships: 
(i) the Artefact Dependency relationship – that relates variants with development 
artefacts; and (ii) VP Artefact Dependency – that relates variation points to 
development artefacts. These elements enable the definition of traceability links 
between the variability model and other development artefacts. However, it does not 
explicitly show how existing model-driven development (MDD) techniques can be 
adopted to promote the seamless tracing between the different SPL requirements 
models.  

Czarnecki et al [8] and Bragança et al [9] define approaches to create explicit 
relationships between features and requirements. Czarnecki et al propose a general 
template-based approach which enables the creation of relationships between 
elements (abstractions and relationships) from an existing model to the corresponding 
features through a set of annotations. The annotations are used mainly to indicate the 
presence conditions of specific elements or model templates according to feature 
occurrences. Bragança et al uses a simplified feature model based on the one proposed 
by Czarnecki et al and employ UML notes in the use case diagrams that indicate 
variability. UML notes in this approach are linked to includes and extends 
relationships and represent variability points with a name, a minimum and a 
maximum cardinality and the respective options. The main problems with these 
approaches [8, 9] is that they failed to fully separate functional and variability 
information because of the use of intrusive graphical elements such as, presence 
conditions or notes in their development models to indicate variability. As a 
consequence, variability information result scattered and pollutes the models, bringing 
maintenance and scalability difficulties to the approaches.  

Gomaa [5] extends the UML-based modelling methods that are used for single 
systems to address software product lines. He uses stereotypes like “kernel”, 
“optional” or “alternative” to indicate variability, models use case packages as 
features in a feature model, and manually relates features with other model elements 
by means of tables. In this approach, variability stereotypes and other kind of 
stereotypes are mixed in the same models reducing the understanding of the models. 
Other authors like Eriksson et al [7] concentrate in only one kind of requirements 
model. Eriksson investigated how use case modelling could be extended to support 
commonality and variation analysis. He employs existing commercial requirements 
tools to represent the artefacts and extended the feature model metamodel proposed 
by the Kang et al [6] to enable the modelling of “at-least-one-out-of-many”-selections 
in a feature model. However, approaches like [5] and [7] lack of extensible tool 
support for modelling, tracing and generating requirements for specific products or 
have a limited scope of supported requirements model types like [7]. 

As we can see, many of the SPL approaches for requirements engineering already 
adopt model-driven engineering techniques to establish the relationships between 
feature and requirements models. Although each of them presents benefits, they share 
the following limitations: (i) difficult to update and maintain consistent the 
relationships between features and requirements; (ii) most of them do not explore the 
benefits that these relationships can bring to support the architecture definition and 
change impact analysis activities in SPL development; and finally (iii) they do not 
provide any explicit linguistic mechanisms to automate the specification of these 
relationships. In our work, we propose new model-driven mechanisms and tools to 
deal with these challenges.  
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3. The Smart Home Product Line  
 

In this section, we introduce a software product line of home automation systems 
called Smart Home [4, 10, 11]. It will be used along the document to illustrate the 
semantic and syntactic mechanisms proposed in order to allow a better specification 
and management of the relationships between features and requirements.  

Smart homes have a wide variety of electronic and electrical devices which 
include lights, thermostats, blinds and fire detection sensors, security devices such as 
cameras, white goods such as washing machines, communication devices such as 
phones and entertainment devices such as televisions. 

The Smart Home system is designed to coordinate the behavior of the devices to 
fulfill complex tasks automatically. It also enables the inhabitants to visualize and 
control the status of the devices from a common user interface. This system is a case 
study that is being developed within the context of the European AMPLE project. Due 
to its complexity, we will focus only on a small subset of its features.  

 Figure 1 shows the feature model of the Smart Home, which addresses the 
following features: 

(i) Doors management: Access control to some rooms may be required. The 
inhabitants can be authenticated by means of a PIN entered in a keypad, passing an 
identification card by a card reader, or touching a fingerprint reader. 

(ii)  Environmental control: Inhabitants must be able to adjust the heater of the 
house to their preferred value. Heaters can be in Celsius or in Fahrenheit 
(“MeasurementUnits ” feature). Additionally, if the “SmartHeating 
Management ” feature is activated in the house, heater control will adjust itself 
automatically to save energy. For instance, the daily schedule of each inhabitant is 
stored in the Smart Home gateway.  During the periods of the day when the house is 
empty, the heater is disconnected and reconnected with enough time to reach the 
desired temperature when the inhabitants come back home. If a window is opened or 
closed, the heater control will take it into account to adjust itself. If the opening of a 
window would suppose a high energy consumption, because, for instance, the heater 
is trying to increase the room temperature and it is too cold outside, the inhabitants 
will be notified through the GUI (“GUI” feature). Also, the Smart Home could choose 
to open or close windows to regulate the temperature inside the house (“Automatic 
windows ” feature). 

(iii) GUI : There are different types of graphical user interfaces. These can be 
touch screens inside the house, mobile phones, or through a website available in the 
internet. These interfaces allow monitoring and managing the different devices of the 
smart home. 

(iv)  Light management: Inhabitants must be able to switch on/off and adjust the 
intensity of the different lights placed in a room (“SimpleControl ” feature). The 
adjustment can be performed specifying an intensity value or selecting a predefined 
value according to the current activities performed by the inhabitants, such as: 
watching TV, reading, sleeping, or during a night party (“PredefinedValues ” 
feature). Besides, when the “SmartLightManagement ” feature is activated, lights 
will be automatically switched on/off depending on several factors. If there is not 
natural light outside the house, the lights will be automatically switched on. Each time 
an inhabitant enters in a room where there is not enough illumination, lights are 
automatically switch on, unless the room is in “sleep” mode which means that the 
inhabitants in the room may be sleeping.  

(v) Presence simulation: It is activated when the inhabitants are in vacations or 
out of the house for long periods of time. This feature performs actions at certain 
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times each day to give the impression that somebody is at home. The actions, like 
switching on and off lights or music, or opening and closing the blinds, can be 
determined by the inhabitants and are executed automatically. 

(vi) Fire control: This feature is responsible for identifying the presence of fire 
or smoke inside the home. When the Smart Home identifies a possible fire occurrence 
(based on smoke or temperature elevation), it emits an alarm, turns on the sprinklers, 
notifies to the inhabitant through all the installed GUI’s, and also send an alarm to the 
fireguard department (“FireDepartment” feature) and/or other emergency group 
(“OtherGroup feature”). Finally, the system unlocks all doors and windows. 
 

 
 

 
 

 

 
Figure 1. Feature model for the Smart Home case study 

 

4. Semantics-based Variation Composition with RDL 
 
Aspect-Oriented Requirements Engineering (AORE) is based on the idea that 
compositions of crosscutting concerns can be identi�ed and reasoned about during the 
requirements engineering phase of the software development lifecycle. Our recent 
work has presented the Requirements Description Language (RDL) [12], an 
expressive composition approach based on the grammatical syntax and semantics of 
natural language. We have shown that this enables semantic-based reasoning about 
crosscutting concerns and the preservation of engineer intent throughout the lifecycle, 
both formally [13] and informally [12, 14]. 
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In this section, we first introduce the RDL and present the benefits of semantic-
based reasoning for Product Line Engineering (PLE). We then present our motivation 
for similarly semantic-based variability modelling, and show how we have extended 
the RDL by means of the Smart Home example.  

 

4.1 Semantics-based AORE 
 
Until recently, work on aspect composition in AORE has been based on syntactic 
references to requirements in the base, where the base refers to those requirements 
which are affected by the aspects. For example, recent approaches specify 
compositions based on direct references to requirement identifiers [15, 16] or use case 
elements [17]. Our recent work [12] has taken a new approach with the Requirements 
Description Language (RDL), which enables the requirements engineer to specify 
compositions based on the semantics of natural language.   

The current version of RDL compositions is demonstrated in the example in the 
Listing 1. The composition specified here is designed to specify how the caching 
concern is composed with other requirements.  In this case, requirements that deal 
with frequently used data are composed with the cache lookup concern such that the 
cached data is accessed where appropriate and the cache itself is updated. 

 

 
Listing 1. RDL composition for a caching example 

 
The meaning of the composition is that the requirements matched by the 

Constraint query (here concern [relationship=“look up” object=“cache”]) are 
applied to those matched by the Base query (here subject= “frequently used data” 
etc.). The Outcome element specifies the result of applying this composition. Note 
that the Constraint element references a concern, which is the other main building 
block of the RDL, and can be simple (made up of requirements) or composite 
(including sub-concerns). 

The semantics of the composition are defined by the operators – here “apply”, 
“meets” and “satisfied”.  The Constraint operator, apply (line 3), states that the 
concern in question (that is, any concerns which involve looking things up in the 
cache) must be applied to the base at a certain point. There are several potential 
constraint operators based on an adaptation of the natural language verb categories 
proposed by Dixon [18]. 

The base operator de�nes the point at which the constraint is applied. Here, this is 
de�ned by the temporal operator meets (line 7), which means that the cache lookup 
happens just before the accessing of the frequently used data. There are several 
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temporal operators available which represent ordering (before, after etc.) as well as 
overlapping and concurrent operators (along, finishes, starts etc.). As well as these, 
conditional and unconditional operators such as if and ifNot are available to use. 

The outcome operator de�nes the �nal result of the composition. In the example, 
the requirements which deal with the updating of the cache must be satisfied (line 11) 
as a result of this composition. Note that the composition does not rely on syntactic 
elements in the requirements engineering document to specify which requirements it 
applies to, but on the semantic structure of the requirements themselves. This 
preserves the engineer’s intent using comprehensible natural language as well as 
removing pointcut fragility [12].  

This semantics-based approach has major benefits for the field of Product Line 
Engineering (PLE). Firstly, the use of natural-language operators to specify the 
semantics of the composition means that the RDL can precisely capture the intent of 
the requirements engineer and preserve the meaning of the requirements documents.  
The preservation of this intentional information is crucial in the adaptive and evolving 
discipline of PLE, as features need to be added and removed in a modular fashion 
while maintaining the core functionality of the product line.  When this happens, 
requirements compositions may need to be changed or reverified in order to ensure 
the continued correctness of the core functionality as well as the new feature set.  As 
the compositions are specified with semantic operators, they preserve the intent of the 
original requirements engineer and thus the correctness of the core functionality can 
be checked against this intent. 

Secondly, the introduction or removal of new features can cause the structure of 
the requirements documents - and subsequently the RDL - to change syntactically. In 
this case, it is crucial that compositions are robust enough to withstand this change 
lest errors creep in to the RDL undetected. As the pointcut descriptors of RDL 
compositions combine semantic information with the syntax of the requirements 
themselves - rather than syntactic references added by the requirements engineer - the 
approach does not suffer from this pointcut fragility.  A further benefit to this 
robustness is that the RDL provides stable trace links from the concerns and 
compositions back to the requirements documents, which aids with the continuing 
development of variants within a product line. 
 

4.2 Semantics-based Variability Modelling 
 
We have presented the RDL and outlined some of its benefits.  However, the RDL as 
it stands is insufficient to fully represent the variety of compositions required in PLE 
[12]. Specifically, there is as yet no method of explicitly modelling features, including 
which features are optional and which mandatory. Also, the RDL has no explicit 
provision for the key task of specifying the conditions with which new features are 
added, removed or configured to create new products within the product line. 
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Figure 2. RDL metamodel extended with features and variability 

 
Figure 2 shows how the RDL metamodel is extended to include support for 

features and variability. The key extension is the Feature class, which has two 
specialisations – MandatoryFeature and VariantFeature. These classes in the RDL 
represent the full definitions of features and the means by which they are composed 
with other features, concerns or other elements. MandatoryFeatures are modelled as a 
subclass of RDL concerns – that is, they are a set of tightly-knit requirements.  
VariantFeatures are modelled as a subclass of RDL compositions – that is, they 
specify how the new features are composed with the core features to create a product 
variant.  The next subsections explain the abstractions introduced in the meta-model 
in more detail. 
 

4.2.1 Mandatory Features 
 
Mandatory features are analogous to concerns in the RDL, represented by a set of 
requirements which make up a feature which must be present in every configuration 
(product) from the product line. A mandatory feature is therefore constructed 
similarly to a concern, and can be simple (including only requirements) or composite 
(including sub-features which make up the feature).  We envisage that a concern may 
incorporate many features in its realisation, and as such features will exist at a lower 
level than concerns (i.e. concerns will be made up of features, but not the other way 
round).  However, we do not explicitly regulate against features being top-level 
entities and being made up of concerns – we allow the requirements engineer freedom 
in their interpretation of what constitutes a feature and what constitutes a concern. 

The structure of a mandatory feature is shown in EBNF form in Listing 2.   
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4.2.2 Variant Features 
 
A variant feature is modelled as a type of composition consisting of 4 components – a 
set of core artefacts, a set of variation artefacts, an optional variation point and a 
variation rule.  The metamodel allows multiple variation points and variation rules 
within a single variant feature composition.   The semantics of the composition are 
that core artefacts are impacted with variation artefacts at the variation point 
according to the variation rule. 

Core and variation artefacts can be of four different types – feature, concern, 
composition and requirement.  The artefacts here are referenced using either their 
name or several other selection criteria (see grammar below).  We omit the details of 
the selection criteria here for clarity, but they can be any query which is represented 
by a set of key-value pairs (connected with logical operators) which can match points 
in the requirements document. These key-value pairs can be of any granularity – e.g. 
concerns, requirements, compositions, syntactic part-of-speech elements (i.e. subject, 
object or relationship) or semantic elements (such as the degree or strength of the 
requirement).  

It is likely that core artefacts will be features – that is, the top-level mandatory 
feature of which the sub-feature is a potential variant.  However, variation artefacts 
are likely to have a broader scope, representing as they do those features, concerns, 
compositions and requirements which impact the core artefact when the variant 
feature is selected. 

Variation points describe the points at which the variation artefacts are applied 
when a feature is selected. As Figure 2 shows, these elements are specified as 
subclasses of analogous elements in RDL compositions. It is possible for this 
variation point to be omitted, in which case it should be assumed that the variation 
point is equivalent to “when this feature is activated/present”.  Variation points are 
similar to composition points in the current RDL – that is, they are comprised of a 
semantic query, plus a natural-language operator which represents the semantics of 
the match.  

Variation rules are represented similarly with a semantic query and a natural-
language operator.  The rules specify the semantics of the variation – that is, how the 
variation manifests itself.  This could be in the inclusion or removal of sub-features, 
concerns etc., or the composition of requirements in new ways.  As before, natural-
language operators describe the semantics of the variation.   

Therefore, the semantics of a variant feature in the RDL are as follows: assuming 
the core requirements are present, the variation rule(s) is/are applied at the variation 
point(s) according to the semantics of the natural-language operators.   

 

Feature ::=     MandatoryFeature | VariantFeature 
 
Requirement ::=     ‘<Requirement id=’ Integer ‘>’,  
      String, 
     ‘</Requirement>’ 
 
Concern ::=    ‘<Concern name=’ String ‘>’, 
      [Requirement*], [Concern*], 
     ‘</Concern>’ 
 
MandatoryFeature ::= ‘<Feature name=’ String ‘type=  “mandatory”>’, 
      [Requirement*], [Concern*], [Feature*], 
      ‘</Feature>’  

Listing 2. Structure of a mandatory feature in RDL 
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4.3 Worked Example 
 
We will illustrate the extended RDL using the Smart Home example in section 3.  The 
abridged RDL for the full example is shown in the Appendix A –Semantic-based 
Variation Composition with RDL for the Smart Home. We will demonstrate the 
approach using the key concern of Environmental Control, which has a number of 
sub-concerns and which will include both mandatory and variant features.  We begin 
with the top level concern: 
 

 
 
 
The core functionality is the mandatory manual heating management feature: 
 

 
 

RequirementRef ::=  SelectionCriteria 
FeatureRef ::=  ‘feature=’ String | 

‘feature[’ SelectionCriteria ‘]’ 
ConcernRef ::=  ‘concern=’ String | 

‘concern[’ SelectionCriteria ‘]’ 
CompositionRef ::=  ‘composition=’ String | 
     ‘composition[’ SelectionCriteria ‘]’ 
 
Core ::=   ‘<Core>’, 

[FeatureRef*], ‘AND’|’OR’, 
[RequirementRef*],‘AND’|’OR’, 
[ConcernRef*], ‘AND’|’OR’, 
[CompositionRef*], 

    ‘</Core>’ 
 
Variation-Point ::=  ‘<Variation-Point operator=’ S tring ‘>’, 

[FeatureRef*], ‘AND’|’OR’, 
[RequirementRef*],‘AND’|’OR’, 
[ConcernRef*], ‘AND’|’OR’, 
[CompositionRef*], 

    ‘</Variation-Point>’ 
 
Variation-Rule ::=  ‘<Variation-Rule operator=’ Str ing ‘>’, 

[FeatureRef*], ‘AND’|’OR’, 
[RequirementRef*],‘AND’|’OR’, 
[ConcernRef*], ‘AND’|’OR’, 
[CompositionRef*], 

    ‘</Variation-Rule>’ 
 
VariantFeature ::=   ‘<Feature name=’ String ‘type=  “variant”>’, 
     Core+, 
     Variation-Point*, 
     Variation-Rule+, 
    ‘</Feature>’ 

<Feature  name="HeatingManagement" type="mandatory"> 
    < Requirement  id =1> 

Inhabitants must be able to adjust the heater of th e house to 
their preferred value. 

  </ Requirement > 
  < Requirement  id =2> 
 Heaters can be in Celsius or in Fahrenheit. 
  </ Requirement > 
</ Feature > 
 

<Concern  name="EnvironmentalControl"> 
 
</ Concern > 

Listing 4. EnvironmentalControl concern in RDL 

Listing 5. HeatingManagement feature RDL code in RDL 

Listing 3. Structure of a variant feature in RDL 
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However, the requirements document also specifies requirements for automated 

adjustment of the heating, which we represent using a sub-concern, 
“AutomaticAdjustHeating”: 
 

 
 
 

Specifically, the heating must be adjusted – and this concern therefore satisfied – 
when windows are opened or closed.  As windows can be opened or closed 
automatically or manually for all sorts of reasons, we represent this using a 
composition which has opening or closing windows as its Base joinpoint: 
 

 
 

 
A further concern is the notification of inhabitants via the GUI feature if the 

adjustment due to the AdjustHeatingWindows composition would cause unacceptably 
high energy consumption: 
 

 
 
 

However, we need to specify that these RDL elements are contingent on the 
presence of the Smart Heating Management feature and not to be included in the core 

<Composition  name="AdjustHeatingWindows"> 
 < Constraint  operator =adjust> 
   subject="heater control" 
     </ Constraint > 
 < Base  operator =after> 
  subject="window" AND (relationship="open"  

OR relationship="close) 
 </ Base> 
 < Outcome  operator =satisfy> 

concern=“AutomaticAdjustHeating” 
</ Outcome > 

</ Composition > 

<Composition  name="NotifyInhabitants"> 
 < Constraint  operator =notify> 
  subject="inhabitants" AND object="GUI" 

</ Constraint > 
<Base  operator =after> 

  composition="AdjustHeatingWindows" 
</ Base> 

     < Base  operator =if> 
  object="high energy consumption" 

</ Base>  
</ Composition > 

<Concern  name="AutomaticAdjustHeating"> 
 < Requirement  id =1> 

Heater control will adjust itself automatically to 
save energy. 

 </ Requirement > 
 < Requirement  id =2>  

The Smart Home could choose to open or close window s 
to regulate the temperature inside the house. 

 </ Requirement > 
  ...  
</ Concern >   

Listing 6. AutomaticAdjustHeating subconcern in RDL 

Listing 7. AdjustHeatingWindows composition in RDL 

Listing 8. NotifyInhabitants composition in RDL 
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functionality. For this, we specify a variant subfeature called 
SmartHeatingManagement: 
 

 
 

 
The type operator of the feature specifies that this is a variant feature.  The core 

artefact is the HeatingManagement concern, which describes manual configuration of 
the temperature.  This feature contains two variation rules.  The first has no explicit 
variation point, and so this applies “if the Smart Heating feature is present…”, which 
matches the original requirements document. The variation rule is shown in the 
variation-rule element, and matches the concern and composition we specified above, 
which describe the adjustment of heating, especially when windows are opened or 
closed. The operator include describes the semantic of this rule – that is, the core 
concern (HeatingManagement) is to be supplemented and not replaced by the variant 
feature.   

The second variation rule includes the composition “NotifyInhabitants”, and has 
an explicit variation point – namely, that the GUI feature is present.  This therefore 
allows this subfeature to be quickly and robustly configured based on the variability 
and availability of the GUI feature, which is defined elsewhere in the RDL 
specification.   

The variation-rule can specify any combination of concerns, compositions, 
requirements or any other element in the RDL, with multiple operators to add, remove 
or augment features as required. 

In order to show the expressive power of the semantic variation-point mechanic, 
we briefly show another example, that of the optional Presence Simulation feature.  
This provides the illusion of normal home usage when the inhabitants are on vacation 
or away for a long period of time, in order to deter burglars.  The base concern simply 
details the functionality of the feature: 
 

 
 
 

<Feature  name="SmartHeatingManagement" type =“variant”> 
  < Core >concern ="HeatingManagement"</ Core > 

<Variation-Rule  operator =include> 
  concern="AutomaticAdjustHeating" AND 
   composition="AdjustHeatingWindows"  

</ Variation-Rule > 
<Variation-Point  operator =present> 

  feature="GUI" 
</ Variation-Point > 
<Variation-Rule  operator =include> 

  composition="NotifyInhabitants"  
</ Variation-Rule > 

</ Feature > 
 

<Concern  name="PresenceSimulation"> 
     

<Requirement  id =1> 
Performs actions at certain times each day to give the 
impression that somebody is at home.  

    </ Requirement > 
<Requirement  id =2> 

The actions are determined by the inhabitants and a re 
executed automatically. 

</ Requirement > 
 

</ Concern > 

Listing 9. SmartHeatingManagement variant subfeature in RDL 

Listing 10. PresenceSimulation base concern in RDL 
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However, in order to correctly specify the optional nature of the feature, we require a 
new variant feature, called PresenceSimulation: 
 

 
 

 
Note its similarities to the SmartHeatingManagement feature, especially in the 

core and variation-rule elements.  However, this composition has two variation points, 
which must both be satisfied in order for the requirements detailed in the Simulate 
Presence concern to be implemented and activated.  The first is simply the inclusion 
of the PresenceSimulation feature in the Smart Home installation.  The second is the 
absence of the inhabitations from the house, either on vacation or otherwise.  Without 
this variation-point, the RDL would imply that the presence simulation would have to 
be ongoing at all times, which obviously is not correct behaviour of the system.  
However, with this variation-point, the semantics of the feature activation are 
captured using natural language operators in a modular fashion, which means the 
feature activation can be changed or modified readily and easily. 

5. Linking Variability and Requirements Models usin g 
VML4RE 

   
In the previous section we have shown how the use of RDL enables semantic-based 
reasoning about SPL concerns and the preservation of engineer intent when creating 
the requirements specification. However, in practice, more requirements models are 
usually employed to further specify the requirements from different views [4]. In this 
section, we present a Variability Modeling Language for Requirements (VML4RE). 
This language is based on previous work on model composition according to specific 
scenarios and feature model configurations [19, 20], and the Variability Modeling 
Language for Architecture (VML4Architecture) [11, 21, 22] that shares most of its 
higher level abstractions and underlying implementation technologies (see section 
7.2). VML4RE provides mechanisms to:  

(i) Connect variability and requirements models – The main aim of VML4RE is 
to allow relating variability and requirements models. Semantic-based reasoning 
provided by RDL, enables the semantic composition between variability and 
requirements textual sentences. VML4RE allows to connect the SPL engineers intent 
expressed in RDL with other requirements models adopted along the SPL domain and 
application engineering stages; 

(ii) Enable the automatic generation of trace links between requirements models 
and variability models – The specification of relationships between features, 

<Feature  name="PresenceSimulation" type =“variant”> 
 < Core > 
  concern="Smart Home" 

</ Core > 
<Variation-Point  operator =present> 

subject="Presence Simulation" 
</ Variation-Point > 
<Variation-Point  operator =absent> 

  ((subject="inhabitants" AND object="vacation") OR  
  (subject="inhabitants" AND object="house")) 

</ Variation-Point > 
 < Variation-Rule  operator =activate> 
  concern="SimulatePresence"  

</ Variation-Rule > 
</ Feature > 

Listing 11. PresenceSimulation new variant feature in RDL  
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concerns, textual requirements with other requirements models (usually graphic 
models) is useful to obtain the trace links existing between different models in 
different levels of abstraction, which is base to support traceability in Software 
Product Lines. The definition process of trace links between models (or artifacts) in 
existing tools is done manually. Our proposal is to automatically generate many fine- 
grained trace links between requirements and feature models from the VML4RE 
specifications; 

(iii) Provide mechanisms to describe how models can be composed for specific 
products in a product line  – The language will allow the definition of transformations 
rules to specify the derivation of requirements models for specific products according 
to product configurations. We reference the requirements model elements using 
quantification operators of the language. Using references we are also able to perform 
the composition of the features on demand according to specific feature model 
configurations that represent specific products. The language is aimed to be used with 
any requirements modeling technique so it provides generic constructs for referencing 
parts of models and for applying composition rules between the models. Generation of 
product models is useful for testing purposes of specific products and for the 
automatic generation of documentation.  

In the remainder of this section we present the language main abstractions and 
illustrate the concepts using the Smart Home case study in section 5.1 and in section 
5.2 we present the metamodel of the language. Finally, the VML4RE model used in 
the example is included in the Appendix B –Example Model of VML4RE. 
 

5.1 The VML4RE Abstractions 
 
VML4RE is a textual Domain Specific Language (DSL) [3, 23] that can be used to 
relate variability-commonality with requirements model elements, and to specify 
different compositions of requirements models according to the modeling technique 
used. In this section, we illustrate the VML4RE extension capability by presenting 
examples of compositions of UML requirements models like use case and activity 
models. To exemplify each part of the language we use the case study of the Smart 
Home product line system described in section 3. 

 

5.1.1 Model Declaration 
 

A Model , with respect to VML4RE, is the highest level model abstraction. The 
general structure of a VML4RE model is: 
 

 
 

 
A VML4RE model of a product line has a name which is an ID (ID can be a word 

starting with a character or underscore followed by optional additional characters, 
underscores or digits), several model import sentences, and blocks to describe the 

Model :  
 "model"  name = ID  "{"  
 (imports += Import)+ 
 (mandatories+=Mandatory)+ 
 (variationPoints+=VariationPoint)+ 
 "}"  
 ; 

Listing 12. Structure of a VML4RE model 
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actions and references to model elements related to mandatory features and variation 
points. 
 

5.1.2 Import Declaration 
 
In our language, we must first specify the files in which the requirements models and 
feature model are. An Import declaration is composed of the literal “import”, the 
model type (e.g., UseCaseModel , ActivityModel ), URI (Uniform Resource 
Identifier) and the name that will serve as a reference to identify the model inside of 
the VML4RE model. 
 

 
 

 
In the case of use cases, activity and feature models, we could have the following 

code fragment for the Smart Home case study: 
 

 
 
 

5.1.3 Mandatory Block 
 
We can create references to specific model elements of the models imported 
previously. A mandatory block starts by the word “mandatory ” and is composed of 
a list of common features. Each common feature starts either by the word 
“ feature ” or just “f ”. Common features have a name and a list of references to 
model elements. 
 

 
 

 
In the Smart Home we have for instance, the common feature DoorLock . We 

created the reference doorMngmnt_Pkg  that relates the feature DoorLock  with 
the DoorManagement  package from the uc  model (see Listing 14) and all its sub-
elements. Similarly, we created the reference idUsr_AM  that relates the feature 

model  SmartHome {  
  import  UseCaseModel 'platform:/resource/SmartHomeModels/UseCaseModel.um l'   

as  uc; 
  import  FeatureModel 'platform:/resource/SmartHomeModels/FeatureModel.fm p'   

as  fm; 
  import ActivityModel 'platform:/resource/SmartHomeModels/ActivityModels. uml'  

as  ams; 
 
//several mandatory features and variation point bl ocks 
} 

Mandatory : 
 "mandatory"  "{"  
  (commonfeatures+=CommonFeature)+ 
 "}" ; 
  
CommonFeature :  
 ( "f" | "feature" ) name = ID  "{"  
  (references+=Reference)+   
 "}" ; 

Import :    
 "import"  type= ID  model= URI "as"  name= ID  ";" ; 

Listing 13. Structure of an Import declaration in VML4RE  

Listing 14. Import declaration example in VML4RE 

Listing 15. Structure of a Mandatory block in VML4RE 
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DoorLock  with the activity diagram IdentifyUser  and all their elements like 
decision, initial, final and activity nodes. Later, we will explain in more detail the 
references syntax. 
 

 
 
 

 

5.1.4 Variability Blocks 

5.1.4.1 Variation Point 
 

A variation point identifies a particular concept within the SPL requirements 
specification as being variable. A variation point declaration starts with the literal 
variationPoint  or just vp . It has a name and optionally, groups of references to 
model elements, variants and actions. 
 

 
 
 

 
Actions are transformation rules to be applied to model elements according to 

specific configurations of the SPL.  In the interest of brevity in the definition of 
actions, it is usual to use references names instead of full paths to the model elements 
(see more about actions in section 5.1.6). 

Specific concepts about variability, like variation kind (e.g., optional, 
alternative), and lowerBound and upperBound that indicate the minimum and 
maximum multiple choices of variants for an alternative variation point, are separated 
of the model and are kept as part of the information provided by the feature model. 
We keep variability information separated from other requirements models 
information, whilst interconnected by means of the references provided by our 
VML4RE. 

In our Smart Home, we created a variation point called DoorLock  that 
represents the flexibility in the election between the devices that could be used to lock 
doors.  In the creation of the references IdUsr_UC  and RecUsr_Act  we reused the 
reference doorMngmnt_Pkg  that points to the DoorManagement  use case 
package (see Listing 16) and all its elements, and the reference idUsr_AM that 
points to the IdentifyUser  activity model and all its model elements. IdUsr_UC  
and RecUsr_Act  can be used in the specification of the compositions in each 
variant and the variation point. 
 

VariationPoint : 
 ( "vp" | "variationPoint" ) name = ID  "{"   
  (references+=Reference)* 
  (variants+=Variant)* 
  (actions+=Action)* 
 "}" ;  

model  SmartHome {  
 
// import declarations    
 
  mandatory  { 
      feature  DoorLock { 
   ref  doorMngmnt_Pkg {uc.DoorManagement.*} 
      ref  idUsr_AM {ams.IdentifyUser.* }   
        } 
  // more mandatory feature declarations 
  } 
}  

Listing 16. Mandatory feature example in VML4RE 

Listing 17. Structure of variation points in VML4RE  
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5.1.4.2 Variant 
 
A variant represents a particular variability decision. A variant has a name that 
matches the name of one feature in the feature model and it may have attached a set of 
actions. 
 

 
 
 

 
For the case of the variation point DoorLock , we have three different 

alternatives: use a keypad reader, a card reader, or fingerprint reader. These 
alternatives are specified as the KeypadReader , CardReader  and 
FingerprintReader  variants in VML4RE. 
 

 
 

model  SmartHome {  
 
// import declarations    
// mandatory block  
 
variationPoint  DoorLock { 
 ref  IdUsr_UC {doorMngmnt_Pkg.IdenfityUser} 
 ref  RecUsr_Act {idUsr_AM.RecognizeUser} 
  
 variant  KeypadReader { 
  // references 
  // actions  
 } 
 variant  CardReader { 
  // references  
  // actions  
 } 
 variant  FingerprintReader { 
  // references  
  // actions  
 } 
} 
} 

Variant : 
 "variant"  name = ID  "{"   
  (references+=Reference)* 
  (actions+=Action)* 
 "}" ; 

model  SmartHome {  
 
// import declarations    
 
mandatory  { 

feature  DoorLock { 
  ref  doorMngmnt_Pkg {uc.DoorManagement.*} 
  ref  idUsr_AM {ams.IdentifyUser.* }   

 }   
// more common features 

}  
variationPoint  DoorLock { 
 ref  IdUsr_UC {doorMngmnt_Pkg.IdenfityUser} 
 ref  RecUsr_Act {idUsr_AM.RecognizeUser} 

// variants for DoorLock 
 } 
// more variation points 
}  

Listing 18. VariationPoint example in VML4RE 

Listing 19. Variant structure in VML4RE  

Listing 20. VariationPoint and variants example in VML4RE  
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5.1.5 References 
 
A reference is a name to identify one or more requirements elements. References can 
be used to shorten the descriptions of the composition rules (also called actions) and 
are described by means of reference expressions. 
 

 
 
 

 

ReferenceExpressions are composed of a reference to a model (e.g., uc  for a use 
case model or ams for an activity model as we did in Listing 14), and optionally, the 
definition of ModelElements inside the model using the operator “.”. The character “.” 
means that we are going to reference a model element inside another (e.g., a package 
inside a use case model or a use case inside a package). Also, it is possible to use the 
character “*” to indicate all the elements inside the model. 

Finally, we could use a WhereDeclaration that allows querying a set of model 
elements based on their names.  
 

 
 
 

 
Examples of the kind of operators that can be supported in the WhereDeclaration 

are: equal , that search for exact matches between a literal and the names of the 
model elements of a specific type of element (e.g., activity, decision, and guard in an 
activity diagram). Other similar operators for comparison are: different , 
startsBy , finishesWith  and contains .  These operators search for matches 
between a literal and the first letters, last letters or in any place in the names of the 
model elements of a specific type respectively.  
 

 
 
 
As an example of the use of the WhereDeclaration , imagine that in the 

Smart Home one device fails when the system is restarted and the system needs to 
send a notification through the GUI to the users. Therefore, we may be interested in 
referencing all the specific model elements that express any verification of the state of 
the devices.  The next code line shows a reference called 
AllDevicesVerifications  that points to all the model elements included in the 
model referenced by ams, where  the model elements of the type Activity  contain 
the literal verify :  

 
 
 

 

WhereDeclaration : 
 "where"  (modelElementType = ID  Operator literal= ID ) ; 
 
Operator :   
 ( "equal"  | "different"  | "startsBy"  | "finishesWith"  | "contains" ); 

ReferenceExpression : 
"{"  modelReference = ID  ( "."  ( "*"  | ModelElement))? 
(WhereDeclaration)? "}"  ; 

 
ModelElement : 
 modelElementName = ID  ( "."  subModelElementName = ID )* ( "."  "*" )?; 

Reference : 
 ( "ref" | "reference" ) name = ID  refExpression = ReferenceExpression ; 

Listing 21. Reference structure in VML4RE 

Listing 22. ReferenceExpression and ModelElement structure in VML4RE  

Listing 23. WhereDeclaration and Operator structure in VML4RE 

ref  AllDevicesVerifications {ams.* where  Activity contains  verify }  

Listing 24. Reference example in VML4RE 
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In the following section we will give more examples of references. 
 

5.1.6 Actions  
 
There are several actions that could be applied to transform the models elements 
following a positive variability approach. Positive variability starts with a minimal 
core model and selectively adds additional model parts based on the presence or 
absence of features in the configuration model [24]. VML4RE identifies the core 
model in the mandatory block, and only relates the model elements that contain 
elements common to all products. Product-specific parts are added when needed in the 
variability blocks. 

The base actions that we are considered in our examples are: insert  and 
replace . As we aim at creating a more useful and generic approach for 
requirements engineering, the definition of what the insert  and replace  actions 
means, depends on the modeling technique used. We exemplify the VML4RE using 
insert  and replace  actions specific to UML requirements engineering models 
(e.g., use cases and activity diagrams). We specify that the modeling technique to be 
used is UML, employing the UML_RE_Insert and UML_RE_Replace root rules in our 
DSL. 

The purpose of the following examples is not to show a full-fledge language for 
composition in UML. We just want to exemplify the VML4RE extensibility, 
employing one of the most known modeling techniques like UML. 

 

 
 
 

5.1.6.1 Insert action 
 
The exact behavior of an insert action in UML depends on the kind of model in which 
it is applied. We have, for example, insertions in the use case model or insertions in an 
activity model. 
 

 
 

 
In the case of insertions in a use case model, we could include: insertions of 

packages, use cases and actors. 
 
 
 
 

 
 

UML_RE_Insert : 
 "(" (InsertInUseCaseModel | InsertInActivityModel ) ")" ; 

Action :  
 Insert | Replace ; 
 
Insert : 
 "insert"  UML_RE_Insert ";"  ; 
Replace : 
 "replace"  UML_RE_Replace ";" ; 

Listing 25. Actions extensions example in VML4RE 

Listing 26. Insert action structure 

InsertInUseCaseModel : 
 InsertPackage | InsertUseCase | InsertActor ; 

Listing 27. InsertInUseCase action structure 
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In the case of insertions in an activity model, we could include insertions of an 
activity diagram in a specific place of other activity diagram, and insertions of a single 
activity and decisions nodes.  
 

 
 

 

5.1.6.2 Replace 
 
Similar to the insert action, there could be replacements of use cases or activities. A 
use case could be replaced by another one, and an activity could be replaced by 
another activity or activity diagram. 
 

 
 

 
 

5.1.6.3 Actions Examples 
 
As examples of actions, we apply the insert  and replace  actions to the variants 
of the “DoorLock” variation point.  

 

 
 

 
 
In the case of the KeypadReader  variant, we have one reference called 

Keypad_UC for the IdentifyUserByKeypad  use case, and other reference for 
the IdentifyUserByKeypad  activity diagram. Then, in case that the 

model  SmartHome {  
 
// import declarations    
 
mandatory  { 

feature  DoorLock { 
  ref  doorMngmnt_Pkg {uc.DoorManagement.*} 
  ref  idUsr_AM {ams.IdentifyUser.* } 
  }  
// more common features 
}  
variationPoint  DoorLock { 

ref  IdUsr_UC {doorMngmnt_Pkg.IdenfityUser} 
ref  RecUsr_Act {idUsr_AM.RecognizeUser} 

 
variant  KeypadReader { 
 ref  Keypad_UC {doorMngmnt_Pkg.IdentifyUserByKeypad} 
 ref  Keypad_AM {ams.IdentifyUserByKeypad}  

 
 insert  ( useCase  Keypad_UC inheritsFrom  IdUsr_UC); 
 replace  ( activity  RecUsr_Act by  activityModel  Keypad_AM); 
} 
 
// more variants of the variation point DoorLock 

}  
  // more variation points 
} 

UML_RE_Replace: 
 "("  (ReplaceUseCase | ReplaceActivity ) ")" ;  

InsertInActivityModel : 
 InsertMultipleActivities | InsertSingleActivity | InsertDecision ; 

Listing 28. InsertInActivityModel action structure  

Listing 29. Replace action structure 

Listing 30. Insert and replace actions examples for the variants of the “DoorLock” variation 
point 
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KeypadReader  variant is selected in a feature model during application 
engineering, the use case pointed by KeyPad_UC is connected to the model by 
means of an inheritance relationship with the use case that IdUsr_UC  is pointing to. 
Figure 3 illustrates the models before and after the application of that specific action. 
 

Before After 

 
 

 
Figure 3. The Door Management use case model before (left) and after (right) the application of 

actions of the KeypadReader variant. 
 

The replace  action will replace the element pointed by RecUsr_Act  by the 
activity model that Keypad_AM is pointing to. Figure 4 illustrates the effect of those 
actions on the models. 
 

Before After 

 
 

 
Figure 4. Activity diagrams before and after the application of the rules of the KeypadReader 

variant. “IdentifyUser” (left); “IdentifyUserByKeyp ad” (middle); composed model for 
“IdentifyUser” (right). 

 
Another example of variability that can be modeled in the language is the 

FireControl . Fire inside the house can be detected by means of fire sensors or 
directly by any inhabitant. When fire is detected, the house automatically will activate 
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the sprinklers system and will call the Fire Department. There are occasions when the 
official Fire Department is too far from the house or simply, the house owner can 
afford to pay the services of a special group to take care of emergencies in his/her 
house. The model that describes the variability is shown below. 
 

 
 

 
 

The effects of the actions when the OtherGroup  feature, as well as 
FireDepartment  are chosen for the FirstAidGroup  variation point are 
depicted Figure 5. 
 

Before After 

 

 
Figure 5. The Fire Control use case model before (left) and after (right) the application of the 

actions of the FireDepartment and OtherGroup variants. 
 
 
 
 

model  SmartHome { 
// import declarations  
mandatory  { 
// more common features 

feature  FireControl { 
  ref  fireCtrl_Pkg {uc.FireControl.*}  

ref  fireSen_A {uc.FireControl.FireSensor } 
}   

}  
//more variation points 
variationPoint  FirstAidGroup { 
 reference  Notify_UC { fireCtrl_Pkg.NotifyFireEmergency } 
 variant  FireDepartment {    
  ref  FireDpt_A {uc.FiremanDepartment } 
   
  insert  ( actor  FireDpt_A associatedWith  Notify_UC ) ;  
 } 
 variant  OtherGroup { 
  reference  Others_A {uc.IndependentFirstAidGroup } 
   
  insert  ( actor  Others_A associatedWith  Notify_UC ) ; 
  } 
}  
} 

Listing 31.  Insert action examples for the variants of the “FirstAidGroup” variation point 
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5.2 VML4RE Metamodel 
 

Figure 6 presents the metamodel of the variability modelling language for 
requirements (VML4RE). It summarizes the description of each abstraction given in 
section 5.1 and includes an example metamodel extension for UML use case and 
activity models. The main modelling abstractions common for all requirements 
modelling techniques are presented in the lower part. That part shows that a Model is 
composed of Import, Mandatory and VariationPoint abstractions. The Mandatory 
block groups the common features between the members of the software product line 
and each VariationPoint identifies a particular concept within the SPL requirements 
specification as being variable. A VariationPoint groups References to model 
elements, Variants and Actions. An Action describes the composition rules that could 
be applied to transform the models based on the presence of specific features in the 
configuration model. Finally, a Reference to variable or common model elements is 
specified by means of a ReferenceExpression. A ReferenceExpression could employ a 
WhereDeclaration with some defined Operators to allow querying models based on 
their elements names and structure. 

In the upper part we have included an example extension of the generic VML4RE 
Insert and Replace actions. Each insertion and replacement is described according to 
the model in which it is applied. Therefore, there are insertions like InsertInUseCase 
and InsertInActivityModel, and replacements like ReplaceUseCase and 
ReplaceActivity. We present some examples of possible composition rules in use case 
models like InsertActor, InsertUseCase, InsertPackage and ReplaceUseCase. Also, 
we present examples of composition rules in activity models like: the replacement of 
an activity –ReplaceActivity, the insertion of a decision node –InsertDecision that 
requires the specification of a Guard on each alternative flow; and the insertion of one 
activity –InsertSingleActivity, or many activities which could correspond to a 
complete activity model –InsertMultipleActivities. 
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6. Discussion  
 
The development of mechanisms to compose variability and requirements models 
offers several benefits to reason about the relationships between features and 
requirements in SPL engineering. In this section, we discuss the benefits and 
challenges related to the use of these mechanisms in SPL development, emphasizing 
their complementary in specific contexts.  

Automatic derivation of requirements models for a SPL product. The 
specification of relationships between features and requirements enables the automatic 
derivation of requirements models for a SPL product. In a recent work [20], we have 
explored the use of these relationships to automatically derive UML-based 
requirements models for a product. Our model-driven approach allows deriving use 
case and activity models for a SPL product from a set of relationships (trace links) 
between variability and requirements models. The derivation of requirements models 
for a specific product – SPL configuration – is useful not only to understand which 
requirements and features are involved in the development of a SPL product, but 
mainly to support the testing and documentation (e.g. user manual) activities of this 
specific instance.  

Aspect-Oriented Compositions. Our work has shown that SPL variabilities can be 
seen as crosscutting concerns that are encountered spread and tangled along 
requirements textual documents or models. This was our main motivation to adopt 
Early Aspects techniques in our approaches to separately specify and compose 
variability and requirements textual sentences or models. RDL and VML4RE adopt 
different but complementary approaches to allow specifying and reasoning about the 
crosscutting relationships between features and requirements. While RDL works to 
provide more stable and consistent semantic links between requirements and 
variabilities in textual documents, VML4RE allows relating variabilities directly to 
abstractions in requirements models.  

Automatic generation of trace links.  Specify and maintain manually trace links 
between artifacts is a very time-consuming activity. Although visual mechanisms (e.g. 
check boxes, graphical editors) can help to reduce the time spent on the specification 
of trace links between features and requirements, it does not help to decrease the 
complexity of this task. In our work, we are investigating different ways to address 
the challenge of automatically derive trace links between features and requirements. 
Our current directions point to derive these trace links: (i) based on the semantic 
relationships between features and requirements after processing textual documents 
using natural-language mechanisms; and (ii) based on the VML4RE specifications 
that concisely defines the relationships between features and requirements.  

Feature interaction reasoning. SPLs are modeled and structured according to 
their common and variable features. The SPL modeling and development can reveal 
that some of these features modify or influence the execution and/or state of other 
features. Every time that such modification or influence between features happens, we 
say that is characterized a feature interaction. Each feature interaction brings relevant 
impact to the design and implementation of the SPL architecture. Because of that, in 
SPL engineering, it is fundamental to elicit, understand and document the different 
feature interactions that occur in order to consider and reason about them when 
designing the SPL architecture. In our research, we have noticed that many of these 
feature interactions can be identified from the set of trace links defined between 
features and requirements. Every requirement linked to two different features is a 
natural candidate to a feature interaction, because in the context of that particular 
requirement those features can be interacting. In this sense, our current work is 



31 
 

exploring two directions: (i) how RDL and VML4RE can help to automatically 
identify candidates to feature interactions from a set of trace links defined between 
features and requirements; and (ii) how traceability tools [25] can process these trace 
links to help the documentation and visualization of feature interactions. 

SPL Architecture Development. One of the main aims of our work is to provide 
information to help to the activity of SPL architecture development. The extended 
version of RDL and the proposed VML4RE allow understanding how each SPL 
requirement addresses and modularizes a set of common and variable features. On the 
other hand, it is also possible to understand how the SPL features are being realized in 
different requirements models. Because both requirements and features guide the 
activity of SPL architecture development, the understanding of their relationships, 
interactions and conflicts is fundamental to support this activity. Our next challenge 
involves exploring the information provided by RDL and VML4RE in order to 
automatically generate graphical views that allows to reason about the relationships 
and conflicts between requirements (functional and non-functional) and features. A 
traceability framework [25] is being defined as an infra-structure to help in this task.  

 

7. Tool Support Methodology 
 
In order to successfully adopt the proposed mechanisms for composition of variability 
and requirement models, it is fundamental to specify and develop adequate tool 
support. In this section, we present an overview of the tool support under development 
in the AMPLE project to address the domain analysis and product derivation activities 
related to SPL requirements management. The approach we have outlined above will 
be supported by the development of several tools in the following sections.  
 

7.1 Framework for Identification of Commonalities a nd 
Variabilities 

 
ULANC is leading the implementation of the framework for identifying 
commonalities and variations in requirements documents, as described in [26]. This 
framework is the base to support the identification of the main abstractions used by 
RDL and that can be linked to other requirements models through VML4RE. An 
overview of this framework is show in the Figure 7. 

The framework operates in 4 stages – pre-clustering, requirements similarity, 
clustering and merging. We will briefly outline these stages and their current 
implementation status. 
 

7.1.1 Pre-clustering 
 
The pre-clustering stage is based on the hypothesis that requirements documents have 
latent semantic structure which can be used to identify potential commonalities and 
variations.  This semantic structure could be in the form of proximity, hierarchy (i.e. 
looking at headings, numbering etc.), or authorship/time-stamping.  Additionally, the 
document could be examined for words which denote variability.  Pre-clustering is at 
present unimplemented. 
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Figure 7. Overview of the variability identification framework 
 

7.1.2 Requirements similarity 
 
The next stage has as its basis the intuition that features are tightly-knit clusters of 
similar requirements.  In order to form these clusters, we must have some method of 
measuring similarity.  Within the framework, this is achieved using the Prospect tool, 
which employs Latent Semantic Analysis (LSA) to compare requirements.  LSA has 
the advantage of being able to handle large (multi-sentence) requirements by reducing 
the dimensionality of the comparison by removing “noise".   
 

7.1.3 Clustering + Naming 
 
The clustering stage uses a variant of Hierarchical Agglomerative Clustering (HAC) 
[9] to create a feature tree based on the results of the previous stage.  Requirements 
which are semantically similar are “clustered” to form a feature, which is then 
clustered with other features and requirements to form a parent feature.  Repeated 
iterations create a partial feature hierarchy (or configuration).   

This stage also employs a hierarchical semantic analysis which automatically 
suggests a name for a feature based on the requirements it purports to satisfy.  At 
present this simply extracts a feature name based on a) the semantic position of terms 
in the encompassed requirements and b) the names of sub-features within the feature 
tree. We are working to refine this method using automatic summarization techniques 
[27] to create a meaningful summary of the commonalities and variants between the 
requirements within the feature.  We expect that this will be a guided process, with 
input from the user throughout. 
 

7.1.4 Merging 
 
The final stage merges the result of the previous stages applied to several 
requirements documents to produced a fully-formed feature model (or configuration).  
This is as yet unimplemented, though we plan to employ a variant of Chen et. al.’s 
merging algorithm [28].  We also plan to develop a heuristic technique whereby a 
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single feature tree is created by merging the documents before the other stages are 
applied.  This tree will serve as a basis for comparison and evaluation of the merged 
feature trees. 
 

7.1.5 Output 
 
The tool currently takes a single requirement document and outputs a named feature 
model which assumes all features are mandatory – at present we rely on user 
intervention to specify variant or optional features.  We are currently working to 
automatically identify variability within the requirements documents and amend the 
feature tree accordingly.   

The tool will integrate with EA-Miner [29] in order to create the extended RDL 
we have outlined in section 4.  EA-Miner aims to provide automated support for 
identifying early aspects from requirements documents, and structuring them 
according to different AORE models.  It can currently output “vanilla” RDL, and we 
aim to extend it to produce RDL with explicit support for mandatory and variant 
features, as well as their composition. 
 

7.2 VML4RE Implementation and Tracing from RDL 
 

In terms of tool support for VML4RE, we are defining an Eclipse code editor that 
allows creating and modifying VML4RE specifications. Since every VML4RE 
specification needs to reference existing feature and requirements models, our editor 
will offer the functionality to import these models. The idea is to make available the 
different features and requirements abstractions (e.g., use cases, packages, activities) 
from the variability and requirements models. Each VML4RE specification will be 
also compiled to verify that it is correctly specified. It is also planned that the 
VML4RE tool suite offers the functionality to generate the initial structure of a 
VML4RE specification from an existing feature model. Finally, it will be also 
developed a program that processes the feature, requirements models, and VML4RE 
specifications to generate a set of trace links to feed other tools developed over the 
WP4 traceability framework.  

The VML4RE tool suite is being implemented inside the Eclipse platform, as a 
set of extensible plugins. It is based on: (i) openArchitectureWare [30]– a model-
driven development infra-structure and (ii) Eclipse Modeling Framework (EMF) [31]. 
The VML4RE editor is being implemented using Xtext [32] a framework for 
development of textual DSLs. 

Figure 8 illustrates the planned tool integration. First, the framework that is being 
developed in task 1.2 [33] (Figure 8-B) identifies common and variable features from 
textual SPL documentation (Figure 8-A). Then, it structures them in a SPL feature 
model semi-automatically as it was described in the section 7.1 (Figure 8-C). The 
framework also generates an RDL model (Figure 8-D) and links between features in 
the feature model and the RDL abstractions (Figure 8-E). 

When the feature model and RDL code are created, each concern or feature could 
be further specified using other modeling techniques (Figure 8-F). Also, a VML4RE 
model (Figure 8-G) can be used to describe how the features in the feature model are 
related to the model elements as well as how they are combined to produce specific 
products in the product line using the VML4RE Tool Suite (Figure 8-H). The 
VML4RE Tool Suite includes tools like a model editor, a models composer and other 
tools that are necessary to generate the trace links (Figure 8-I) that are stored and 
managed in the traceability framework being developed in AMPLE (Figure 8-J). 
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Figure 8. High-level view of the tool support 
 

Our approach supports the tracing between the semantic-based reasoning about 
SPL concerns and their composition specified in RDL and the realization of each 
concern using other requirements models. 

Figure 9, Figure 10 and Figure 11 give an example of how some requirements 
elements can be traced along the process. The first stage is presented in  

Figure 9, where from free-form textual requirements documents can be obtained 
RDL sentences and a feature model in a semi-automatic way. In our case study, we 
may cluster some requirements like “Heater control will adjust itself automatically to 
save energy” and “The Smart Home could choose to open or close windows to 
regulate the temperature inside the house” because they are related to the concern 
“AutomaticAdjustHeating”. In the RDL code there is a variant feature called 
“SmartHeatingManagement” that specifies that the concern 
“AutomaticAdjustHeating” will be composed with the core feature 
“HeatingManagement” as well as the compositions related to the automatic 
adjustment of the windows to regulate the temperature inside the house. The RDL 
maintains the semantic of the relationships between the requirements and the rational 
employed to compose them, but do not specify how the requirements models could be 
transformed. That is precisely what VML4RE does to complement the RDL 
descriptions.  
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As we said previously, the tool will support the initial creation of the VML4RE 
document by generating a template that includes the VML4RE code with the initial 
mandatory and variable features of the feature model, therefore, there is a direct link 
between the feature model and the VML4RE descriptions. Then, in the VML4RE 
model other requirements models can be referenced and their compositions could be 
specified. Figure 10 presents an example of the relationships between a VML4RE 
model fragment that represents the common features of the Smart Home product line 
with one of the requirements models (it shows only some core elements). In the code, 
the reference uc points to the use case model of the Smart Home that was created in 
one of the import declarations previously. We highlighted with different colors the 
parts of the model referenced in the code. 
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Figure 10. Core requirements model 
 

It is also possible to specify the variable parts of the models and their 
composition using VML4RE. Figure 11 presents the code fragment related to the 
variation points and it reuses the reference Notify_Pkg  created for the core model 
elements in Figure 10.  Also, it shows the composed model for the features for the 
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case in which the TouchScreen, Internet, SmartHeatingManagement and 
AutomaticWindows variable features are selected as part of a specific product. 
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Figure 11. Core incremented with variable model elements 

 
Our tool will support the traceability of each element in the requirements from 

text to other models. Figure 12 shows a concrete example of this kind of tracing 
employing the textual requirement “Heater control will adjust itself automatically to 
save energy”. It was modelled in RDL as part of the concern 
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“AutomaticAdjustHeating”, and this concern is inside the RDL variation rule 
“SmartHeatingManagement” (see complete RDL code in Appendix A). Therefore, the 
specific textual fragment that describes the requirement could be traced to the feature 
“SmartHeatingManagement” in the feature model.  

As the feature model and VML4RE share features names, there is a direct link 
between a feature in the feature model and the VML4RE abstractions. The 
“SmartHeatingManagement” feature is optional; thus, it appears as a variation point in 
the VML4RE code. This variation point has references and compositions rules for 
requirements models elements in different models that represent the requirements 
from different perspectives and granularity levels. However, for space economy 
reasons, we only illustrate it with a use case model. 
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Figure 12. Specific trace of a textual requirement to requirements models 
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Conclusions 
 

In this document, we have explored new mechanisms to specify and reason about 
the relationships between variabilities and requirements. We briefly discussed existing 
SPL approaches for requirements engineering (Section 2.1) and showed that many of 
them are currently exploring the adoption of model-driven engineering approaches 
(Section 2.2). However, although most of these approaches already brought benefits 
to the variabilities and requirements management in SPL development, we discussed 
several challenges and drawbacks that need to be addressed (Section 2.2), such as: (i) 
need to update and maintain consistent the relationships between features and 
requirements along the SPL development and evolution; (ii) use of these relationships 
to support the architecture definition and change impact analysis activities in SPL 
development; and finally (iii) need to provide linguistic and concise mechanisms to 
specify these relationships. 

In this context, we presented two new complementary approaches to overcome 
these challenges of variabilities and requirements management in SPLs: (i) semantics-
based variability modelling in RDL – that provides support to specify and reason 
about semantics links between requirements and variabilities; and (ii) VML4RE – a 
domain specific textual language that aims to specify and relate variabilities to their 
respective requirements abstractions in RE models. Both languages allow specifying 
and defining relationships between variabilities and requirements by offering aspect-
oriented mechanisms to express how a specific variability is spread and tangled over a 
set of requirements textual sentences or RE model elements.  

The main aim of this project work package is to develop a framework for product 
lines that uses model-driven and aspect-oriented concepts and techniques at 
requirements and analysis modelling level. Both extended RDL and VML4RE 
represent important evolutions steps in this direction. Our next research steps point to 
the following activities: (i) to develop and integrate the extended RDL and VML4RE 
tool support (briefly presented in Section 7); (ii) to enable the VML4RE tool suite to 
generate trace links that will be used by the AMPLE traceability framework under 
development in another project work package in order to support forward and 
backward tracing of variations; and (iii) to explore the relationships between 
variabilities and requirements to derive information that helps the process of SPL 
architecture definition, such as: tracing of features and variations, and reasoning of 
feature interactions.  
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8. Appendix A –Semantic-based Variation 
Composition with RDL for the Smart Home 

 
i. Door Management Concern 
 
<Concern  name="DoorManagement"> 
 
    < Requirement  id =1> 
 Access control to some rooms may be required. 
    </ Requirement > 
 
    < Concern  name="Authentication"> 
 < Requirement  id =1> 

The inhabitants could be authenticated by means of a PIN 
introduced in a keypad, passing an identification c ard by a 
card reader, or touching a fingerprint reader. 

 </ Requirement > 
    </ Concern > 
 
    < Feature  name="DoorLock" type ="variant"> 
 < Core >concern="DoorManagement"</ Core > 
 
 < Variation-Point  operator =present> 
     subject="card reader" 
 </ Variation-Point > 
 < Variation-Rule  operator =choose> 
     composition="CardReaderAccessControl" 
 </ Variation-Rule > 
 
 < Variation-Point  operator =present> 
     subject="fingerprint reader" 
 </ Variation-Point > 
 < Variation-Rule  operator =choose> 
     composition="FingerprintAccessControl" 
 </ Variation-Rule > 
 
 < Variation-Point  operator =present> 
     subject="keypad" 
 </ Variation-Point > 
 < Variation-Rule  operator =choose> 
     composition="KeypadAccessControl" 
 </ Variation-Rule > 
    </ Feature > 
 
    < Composition  name="KeypadAccessControl"> 
 < Constraint  operator =authenticate> 
     subject="PIN" AND object="keypad" AND relation ship="input" 
 </ Constraint > 
 < Base operator =concurrent> 
     concern="DoorManagement" 
 </ Base> 
 < Outcome  operator =ensure /> 
    </ Composition > 
 
    < Composition  name="CardReaderAccessControl"> 
 < Constraint  operator =authenticate> 
     subject="identification card" AND object="card  reader" AND 
     relationship="pass by" 
 </ Constraint > 
 < Base operator =concurrent> 
     concern="DoorManagement" 
     </ Base> 
 < Outcome  operator =ensure /> 
    </ Composition > 
 
    < Composition  name="FingerprintAccessControl"> 
 < Constraint  operator =authenticate> 
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     object="fingerprint reader" AND relationship=" touch" 
 </ Constraint > 
 < Base operator =concurrent> 
     concern="DoorManagement" 
 </ Base> 
 < Outcome  operator =ensure /> 
    </ Composition > 
 
</ Concern > 
 
ii. Environmental Control feature 
 
<Concern  name="EnvironmentalControl"> 
 
    < Feature  name="HeatingManagement" type ="mandatory"> 
 < Requirement  id =1> 

Inhabitants must be able to adjust the heater of th e house to 
their preferred value. 

 </ Requirement > 
 < Requirement  id =2> 
      Heaters can be in Celsius or in Fahrenheit. 
 </ Requirement > 
    </ Feature > 
 
    < Feature  name="SmartHeatingManagement" type ="variant"> 
 < Core >feature="HeatingManagement"</ Core > 
 < Variation-Rule  operator =include> 
     concern="AutomaticAdjustHeating" AND 
     composition="AdjustHeatingWindows" AND 
     composition="NotifyInhabitants" 
 </ Variation-Rule > 
 < Variation-Point  operator =requires> 
     feature=GUI 
 </ Variation-Point > 
    </ Feature > 
 
    < Concern  name="AutomaticAdjustHeating"> 
 < Requirement  id =1> 
     Heater control will adjust itself automaticall y to save energy. 
 </ Requirement > 
 < Requirement  id =2> 

The Smart Home could choose to open or close window s to 
regulate the temperature inside the house. 

 </ Requirement > 
 ...  
    </ Concern > 
 
    < Composition  name="AdjustHeatingWindows"> 
 < Constraint  operator =adjust> 
     subject="heater control" 
     </ Constraint > 
 < Base operator =after> 
     subject="window" AND (relationship="open" OR r elationship="close) 
     </ Base> 
 < Outcome  operator =satisfy>concern=AutomaticAdjustHeating</ Outcome > 
    </ Composition > 
 
    < Composition  name="NotifyInhabitants"> 
 < Constraint  operator =notify> 
     subject="inhabitants" AND object="GUI" 
 </ Constraint > 
 < Base operator =after> 
     composition="AdjustHeatingWindows" 
 </ Base> 
 < Base operator =if> 
     object="high energy consumption" 
 </ Base>  
 < Outcome  operator =ensure /> 
    </ Composition > 
 
</ Concern > 
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iii.  Fire Control Concern 
 
<Concern  name="FireControl"> 
 
    < Requirement  id =1> 
 Responsible for identifying the presence of fire o r smoke inside the 
 home. 
    </ Requirement > 
    < Requirement  id =2> 
 Fire occurrences are based on smoke or temperature  elevation. 
    </ Requirement > 
 
    < Composition  name="RaiseAlarm"> 
 < Constraint  operator =activate> 
     subject="alarm" AND subject="sprinklers" 
 </ Constraint > 
 < Constraint  operator =notify> 
     subject="inhabitants" AND object="GUI" 
 </ Constraint > 
 < Base operator =metBy> 
     object="fire occurrence" 
 </ Base> 
 < Outcome  operator =ensure /> 
    </ Composition > 
 
    < Composition  name="AlertFireDepartment"> 
 < Constraint  operator =notify> 
     subject="Fire Department" 
 </ Constraint > 
 < Base operator =metBy> 
     subject="alarm" AND relationship="activate" 
 </ Base> 
 < Outcome  operator =ensure /> 
    </ Composition > 
 
    < Composition  name="AlertOtherGroup"> 
 < Constraint  operator =notify> 
     subject="Other Group"> 
 </ Constraint > 
 < Base operator =metBy> 
     subject="alarm" AND relationship="activate" 
 </ Base> 
 < Outcome  operator =ensure /> 
    </ Composition > 
 
    < Feature  name="FireDepartment" type ="variant"> 
 < Core > 
     concern="FireControl" 
 </ Core > 
 < Variation-Rule  operator =include> 
     concern="AlertFireDepartment"  
 </ Variation-Rule > 
    </ Feature > 
 
    < Feature  name="OtherGroup" type ="variant"> 
 < Core > 
     concern="FireControl" 
 </ Core > 
 < Variation-Rule  operator =include> 
     concern="AlertOtherGroup"  
 </ Variation-Rule > 
    </ Feature > 
 
</ Concern > 
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iv. Lights Management concern 
 
<Concern  name="LightManagement"> 
    < Feature  name="SimpleControl" type ="mandatory"> 
 < Requirement  id =1> 
     Inhabitants must be able to switch on/off and adjust the intensity 
     of the different lights place in a room. 
 </ Requirement > 
 < Requirement  id =2> 

The adjustment could be performed by specifying an intensity 
value. 

 </ Requirement > 
    </ Feature > 
 
    < Feature  name="PredefinedValueControl" type ="variant"> 
 < Core >feature="SimpleControl"</ Core > 
 < Variation-Rule  operator =include> 
     concern="PredefinedValues" 
 </ Variation-Rule > 
    </ Feature > 
 
    < Concern  name="PredefinedValues"> 
 < Requirement  id =1> 
     The adjustment could be performed by selecting  a predefined value. 
 </ Requirement > 
    </ Concern > 
 
    < Feature  name="SmartLightManagement" type ="variant"> 
 < Core > 
     feature="SimpleControl" 
 </ Core > 
 < Variation-Rule  operator =include> 
     concern="SmartLights" AND 
     composition="AutoSwitchOff" AND 
     composition="AutoSwitchOn" 
 </ Variation-Rule > 
    </ Feature > 
 
    < Concern  name="SmartLights"> 
 < Requirement  id =1> 
     Lights will be automatically switched on/off d epending on several 
     factors. 
 </ Requirement > 
    </ Concern > 
 
    < Composition  name="AutoSwitchOff"> 
 < Constraint  operator =activate> 
     subject="lights"  
 </ Constraint > 
 < Base operator =ifNot> 
     subject="natural light" AND relationship="outs ide" AND 
     object="house" 
 </ Base> 
 < Outcome  operator =ensure/> 
    </ Composition > 
 
    < Composition  name="AutoSwitchOn"> 
 < Constraint  operator =activate> 
     subject="lights"  
 </ Constraint > 
 < Base operator =if> 
     (subject="inhabitant" AND relationship="enter"  AND object="room") 
     AND (subject="illumination" AND relationship=" lessThan" AND 
     object="intensity value")  
 </ Base> 
 < Base operator =ifNot> 
     subject="room" AND relationship="in" AND objec t="sleep mode" 
 </ Base> 
 < Outcome  operator =ensure/> 
    </ Composition > 
</ Concern > 
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v. Presence Simulation concern 
 
<Concern  name="SimulatePresence"> 
     
    < Requirement  id =1> 

Performs actions at certain times each day to give the 
impression that somebody is at home.  

</ Requirement > 
     < Requirement  id =2> 
  The actions are determined by the inhabitants and  are executed 
  automatically. 
     </ Requirement > 
 

<Feature  name="PresenceSimulation" type =“variant”> 
<Core> 

   concern="Smart Home" 
</ Core > 
<Variation-Point  operator =present> 
 subject="Presence Simulation" 
</ Variation-Point > 
<Variation-Point  operator =absent> 

   ((subject="inhabitants" AND object="vacation") O R 
   (subject="inhabitants" AND object="house")) 

</Variation-Point> 
    < Variation-Rule  operator =activate> 
   concern="SimulatePresence"  

</Variation-Rule> 
</ Feature > 

 
</ Concern >
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9. Appendix B –Example Model of VML4RE 
 
import  UseCaseModel 'platform:/resource/SmartHomeModels/UseCaseModel.um l'   

as  uc; 
import  FeatureModel 'platform:/resource/SmartHomeModels/FeatureModel.fm p'   

as  fm; 
import  ActivityModel 'platform:/resource/SmartHomeModels/ActivityModels. uml'   

as  ams; 
 
 
mandatory  { 
  feature  DoorLock { 
 ref  doorMngmnt_Pkg {uc.DoorManagement.*} 
 ref  idUsr_AM {ams.IdentifyUser.*} 
  } 
  feature  FireControl { 
 ref  fireCtrl_Pkg {uc.FireControl.*}  
 ref  fireSen_A {uc.FireControl.FireSensor }  
  } 
  feature  GUI { 
    ref  Notify_Pkg {uc.Notification.*} 
    } 
  feature  EnvironmentalControl { 
 ref  EnvmtCtrl_Pkg {uc.EnvironmentalControl.*} 
 ref  Heater_A {uc.Heater} 
 ref  Thermostat_A {uc.Thermostat} 
 ref  WindowSen_A {uc.WindowSensor} 
  } 
  feature  HeatingManagement { 
 ref  AdjustHeaterValue_UC {EnvmtCtrl_Pkg.AdjustHeaterVa lue} 
 ref  Heater_A {uc.Heater} 
  } 
  feature  WindowsManagement { 
   ref  OpenAndCloseWs_UC {EnvmtCtrl_Pkg.OpenAndCloseWindo ws} 
   ref  OpenAndCloseWsMan_UC {EnvmtCtrl_Pkg.OpenAndCloseWi ndowsManually}  
  
   ref  WindowSen_A {uc.WindowSensor} 
  } 
} 
variationPoint  DoorLock { 
 ref  IdUsr_UC {doorMngmnt_Pkg.IdenfityUser} 
 ref  RecUsr_Act {idUsr_AM.RecognizeUser} 
  
 variant  KeypadReader { 
  ref  Keypad_UC {doorMngmnt_Pkg.IdentifyUserByKeypad} 
  ref  Keypad_AM {ams.IdentifyUserByKeypad}   
  insert  ( useCase  Keypad_UC inheritsFrom  IdUsr_UC); 
  replace  ( activity  RecUsr_Act by  activityModel  Keypad_AM); 
 } 
 variant  CardReader { 
  ref  Card_UC {doorMngmnt_Pkg.IdentifyUserByCard} 
  ref  Card_AM {ams.IdentifyUserByCard}  
  insert  ( useCase  Card_UC inheritsFrom  IdUsr_UC); 
  replace  ( activity  RecUsr_Act by  activityModel  Card_AM); 
 } 
 variant  FingerprintReader { 
  ref  Finger_UC {doorMngmnt_Pkg.IdentifyUserByFingerprin t} 
  ref  Finger_AM {ams.IdentifyUserByFingerprint} 
  insert  ( useCase  Finger_UC inheritsFrom  IdUsr); 
  replace  ( activity  RecUsr by  activityModel  Finger_AM); 
 } 
} 
 variationPoint  FirstAidGroup { 
 ref  Notify_UC { fireCtrl_Pkg.NotifyFireEmergency } 
 variant  FireDepartment {    
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  ref  FireDpt_A {uc.FiremanDepartment } 
  insert  ( actor  FireDpt_A associatedWith  Notify_UC ) ;  
 } 
 variant  OtherGroup { 
  ref  Others_A {uc.IndependentFirstAidGroup } 
  insert  ( actor  Others_A associatedWith  Notify_UC ) ; 
  } 
 } 
 variationPoint  GUI { 
  ref  NotifyUsr_UC {Notify_Pkg.Notify} 
  variant  TouchScreen { 
   ref  TouchScreen_UC {Notify_Pkg.NotifyUsingInternet} 
   insert  ( useCase  TouchScreen_UC inheritsFrom  NotifyUsr_UC); 
  } 
  variant  Mobile {  
   ref  Mobile_UC {Notify_Pkg.NotifyUsingMobile} 
   insert  ( useCase  Mobile_UC inheritsFrom  NotifyUsr_UC); 
  } 
  variant  Internet {  
   ref   Internet_UC {Notify_Pkg.NotifyUsingInternet} 
   insert  ( useCase  Internet_UC inheritsFrom  NotifyUsr_UC); 
  }   
 }  
 vp  AutomaticWindows { 
  ref  OpenAndCloseWsAuto_UC {uc.OpenAndCloseWindowsAutom atically} 
  ref  WindowAct_A {uc.WindowActuator} 
  insert  ( useCase  OpenAndCloseWsAuto_UC inheritsFrom  OpenAndCloseWs_UC 
associatedWith  WindowAct_A); 
 } 
 vp  SmartHeatingManagement { 
  ref  CtrlTempAuto_UC {EnvmtCtrl_Pkg.ControlTemperatureA utomatically} 
  ref  CalcEnergyConsum_UC {EnvmtCtrl_Pkg.CalculateEnergy Consumption} 
  //ref  AllDevicesVerifications  {ams.*  where  Activity  contains  verify  }   
  insert  ( useCase  CalcEnergyConsum_UC includedFrom  OpenAndCloseWs_UC ); 
   insert  ( useCase  CtrlTempAuto_UC includes  AdjustHeaterValue_UC 

extendsTo  CalcEnergyConsum_UC extendedBy  OpenAndCloseWsAuto_UC 
associatedWith  Heater_A , Thermostat_A) ; 

 } 
}  
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