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Abstract. We present our ongoing work on an approach to create Model-Driven Software 
Product Lines by means of successive model refinement, guided by configuration of features. 
Each refinement uses model-to-model transformation until arriving at the executable code with 
technological platform details included. During this process, users select features at each stage 
taking into account their preferences and requirements. The selection of features can be per-
formed for each element of the model. Thus, the selection is constrained by many facts, for ex-
ample, a mandatory selection element-feature because some structural model relationships that 
has to be preserved. To deal with model transformations while satisfying the constraints, we in-
troduce the concept of constraint-model to restraint the possible feature configurations a user 
can specify. Then, we propose the construction of transformations by composing several rules 
that facilitate, from a single source, the generation of different targets according to a given fea-
ture configuration.
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1   Introduction

Software Product Line Engineering (SPL) attempts to develop software products that satisfy specific 
needs for a segment of the market, by reusing sets of components called core assets. The core assets 
are developed during the domain engineering process, taking into account the variability and com-
monality of the product line, and are reused during the application engineering process [1].

Various approaches propose support for product lines creation. For instance, Compositional ap-
proaches use frameworks that are built using general-purpose languages and Generative Software 
Development approaches use textual or graphical Domain Specific Languages for generating auto-
matically product line members. Furthermore, Model Driven Development (MDD) approaches sug-
gest raising the abstraction level of product lines by using formal metamodels that describe Domain 
Specific Model Languages (DSMLs). MDD also suggests using high-level executable model trans-
formations, and multi-stage strategies for derivation of product line members. 

Feature modeling is a classical method and notation for capturing commonalities and variability 
of product lines. Feature modeling was originally introduced in [2], and since then an important 
number of extensions and variants have been proposed to improve its expressiveness [3][4][5]. 

In [5][6], product lines are created by using an MDD approach. In these, the authors suggest cre-
ating feature selections that define different products, which are constrained by feature model se-
mantic or OCL sentences. This kind of approach can be used to manage that is called in [7] as nega-
tive variability. Managing negative variability means taking away parts of a general model 
(template) based on a feature selection. 



In [8][9], we have presented an approach based on Model Driven Development (MDD) for creat-
ing SPLs. We do not only manage negative variability but we also manage positive variability. This 
means that we can transform models by adding new domain elements as opposed to taking away 
elements that already exist in the source models. In this approach, we separate domain concerns us-
ing design abstraction levels. Thus, for creating SPL members, we create one high-level design 
model (leveli=0) and we refine it successively (in many stages) by using model-to-model transforma-
tions until obtaining low-level design models (levelj>i). For each level, we create a base metamodel 
and a feature model for expressing the structural and non-structural variability respectively. Then, 
before performing a refinement, we allow the user to customize the model-transformation by select-
ing the set of features that he/she wants to obtain in the target model.

Thus we can raise the level of abstraction of product lines and narrow the gap between the prob-
lem and solution space through a generative strategy, and between the domain and application engi-
neering using configuration languages as feature models. We also can delay low-level design deci-
sions until the final stages of model refinements and broaden the product line scope by including 
multi-platform variation points.

However, we have identified the need of assisting the user in the feature configuration process by 
taking into account the requirements and the constraints during successive refinements. Specifically, 
there are constraints: in the way in which a user can relate model elements and features for custom-
izing the model-transformations. The constraints can come from structural relationships, for in-
stance, when the user needs to express the fact that one model element cannot be associated with a 
specific feature if another relationship already exists. To achieve this assistance, we introduce the 
concept of a constraint model that establishes, at the metamodel level, the valid feature configura-
tions a user can make. 

We have organized this article as follows. Section 2 describes the relation between features and
transformation rules. Section 3 presents the constraint models and their properties. Section 4 ex-
plains the application engineering process using our approach and finally, Section 5 outlines our fu-
ture work.

2   Features and Transformation Rules

In MDA, transformation rules are written in terms of metamodel concepts. Thus model elements are 
transformed using the transformation logic associated to the metamodel concepts that they conform 
to. To transform a model element into different targets, according to the features selected by the 
user, we create several transformation rules for each metamodel concept; each one depends on a 
possible feature a user can choose. Thus, during the refinement process, the user performs his/her
selection not only by selecting features, but also by associating model elements to them. Each selec-
tion-association determines the transformation rule that will be used for transforming the associated 
element. The combination of those rules composes the whole transformation that will be applied at 
the corresponding stage of the refinement. 

Fig. 1 introduces a small example based on a case study concerning a Smart Home Product Line 
(SHPL). Regarding some variability associated to a SHPL, the access control feature can be differ-
ent if we talk about different doors or windows. Thus in the same house, one door can manage the 
access control using an user code and another door can manage it using the finger-print of the 
house’s owner. The associations (dashed lines a and b) in the Fig. 1 imply that different transforma-
tion rules will be executed for transforming two elements (MainEntrance and BackEntrance) that 
conform to the same metamodel concept (Door). Fig. 2 illustrates how different transformation 
rules can be created for one metamodel concept and be related to different features.



Fig. 1. The MainEntrance and BackEntrance are model elements that conform to the Door concept. The 
ByCode and ByFingerprint are features that the user can associate to model elements for creating an specific 
product. In this example, a user creates two associations. The first one is between BackEntrance and By-
Code (line a), and the second one between MainEntrance and ByFingerprint (line b).

Fig. 2. The Door concept is related to two possible features. Thus, each feature is related to one transforma-
tion rule that will be executed if the user selects and relates one Door element and one of those features. For 
the example introduced in the Fig. 1, Rule 1 will be executed for the MainEntrance element and Rule 2 for 
the BackEntrance element.

3   Constraining the Feature Configurations

The model resulting from associating the metamodel concepts and the features (Fig. 2) is called the 
constraint model. A constraint model defines the possible allowed relationships between leveli

model elements and levelj=i+1 features. If there is an association between a metamodel concept and a 
feature, the user can create a relationship between any model element that conforms to the meta-
model concept and the feature. Otherwise, the feature configuration is not valid.

For instance, in Fig. 2 a user cannot make a feature configuration between LivingRoom and By-
Code, because there is not an association in the constraint model that relates the Window meta-
concept to the ByCode feature. In terms of the smart home, it means that a window can not manage 
the access control using an access code. Thus, we manage the product line scope by constraining the 
possible options for creating smart home products. We define two types of properties for the asso-
ciations created as part of a constraint model. These are the cardinality and the dependency con-
straint properties. Next sections explain these properties further. 

3.1   Cardinality Property

The use of properties as part of the associations between metamodel concepts and features is moti-
vated by the need of adding semantic to the constraint model. Let us assume that due to non-
functional requirements, one and only one door should manage access control by fingerprint. Then, 
it is mandatory to define this information in the association between the Door concept, and the By-
Fingerprint feature. Fig. 3 illustrates this example by associating the semantic construction [1..1] to 
the relationship. This semantic construction is a cardinality property.



The cardinality property is a UML-like cardinality [i..j], where 0<=i<=j and where j can be unde-
fined (*). This property makes possible to restrict the number of feature configurations between 
model elements and feature nodes, i.e., to express constraints such as “only one of this can have this 
feature”. In our approach, the semantic of the cardinality property varies according to the type of 
feature (solitary, group or grouped) that is related to one metamodel concept.

Fig. 3. Two properties, the Cardinality and Dependency Constraint, are associated to the relationship be-
tween the Door concept and the ByFingerprint feature for adding semantic to the constraint model.

3.2   Dependency Constraint Property

Suppose that due to non-functional requirements, a Door element can be related to the ByFinger-
print feature, if and only if there is not a Window element related to the ByFingerprint feature. Then, 
for the cardinality property it is mandatory to define this information into the association between 
the Door concept and the ByFingerprint feature. Fig. 3 illustrates this example by associating to the 
relationship the sentence Windows.forAll{w:window| not w.ByFingerprint}, which is a dependency 
constraint property. 

The dependency constraint property complements the cardinality property by taking into account 
the structural relationships of model elements and the already created relationships between model 
elements and features. This property is described as an OCL-type sentence that allows query models 
at different levels (M2 or M1). This kind of property allows expressing multiple types of con-
straints. More concrete examples of constraints and sentence constructions will be addressed in fu-
ture work on more detailed examples.

4   Processes of Feature Configurations and Transformation

By having a constraint model between leveli metamodel concepts and leveli+1 features, we can assist 
the user during the task of selecting features. Thus instead of validating feature configurations a 
posteriori, we propose to require him/her to create valid relationships. To achieve this assistance, 
we create a feature metamodel that extends the feature metamodel introduced by Czarnecki et 
Al. [5]. This makes it possible to clone features and associate them to typed attributes as String or 
Integer.

Continuing with our example, let us assume that we would like to create a relationship between 
the MainEntrance element in the leveli=0, and the ByCode feature in the levelj=i+1. Thus using the 
constraint model, the assisted process suggests either the ByCode feature or the ByFingerprint fea-
ture, if and only if, there is not yet a Door element related to the ByFingerprint feature (because of 
the cardinality property, see Fig. 3).

Since we create modular transformation rules associated to metamodel concepts, we need to 
compose them for creating valid model transformations by considering the possible feature configu-
rations. In [8][9], we suggested to create three types of transformation rules. These types of rules 



are: (1) base rules, (2) control rules, and (3) specific rules. Base rules are used to create the com-
monalities of product line members. Control rules are used to evaluate feature configurations and 
trigger specific rules, which are used to create the variability of product line members. According to 
this strategy, we create complete model transformation programs that are composed of many trans-
formations rules. 

5   Discussion and future work

In this article, we presented an approach to express constraints in the association between model 
elements and features. Currently, we are defining the refinement process to transform the original 
model into the source code. At each refinement, we need to take into account the selection of fea-
tures done by the user but still satisfying the constraints. 

For the creation of constraint-models, we are designing a metamodel based on the feature meta-
model introduced by Czarnecki et Al. [5] for allowing relate metamodel concepts to features adding 
semantic represented by the properties introduced in this paper. Specific challenges of this element 
of the proposed solution are related with the creation of an Eclipse plug in, the extension of existent 
plug-ins as the presented by Antkiewicz et Al. [10], the use of model weaver tools as AMW [11], or 
the reuse and extension of oAW and XWeave [12].
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