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Abstract. In practice, a large amount of software product lines (SPL) are de-

veloped using a bottom-up process. In this case, an SPL is synthesized from 

similar product variants that are developed for SPL using ad hoc reuse tech-

niques such as copy-paste-modify. In this paper, we present an approach for 

migrating existing product variants into an SPL. This approach is applied on 

models and it takes as input a set of models that abstract the product variants. 

The result of the approach is a software product line represented by the SPL 

model and the variability model. SPL model is the result of merging input 

product models. The variability model is a feature model (FM) allowing the 

specification of the variability on the SPL model. We propose to construct the 

SPL in an incremental way. After an initialization step, the set of input products 

are integrated in the SPL one after another. To integrate a new product, we first 

compare the input product model with the SPL model in order to identify the 

variability, and then we update both the SPL model and the variability model. 

The approach is implemented and evaluated on a case study. 

Keywords. Variability · Feature Model · Software Product Line. SPLE. 

1 Introduction 

Due to the considerable benefits that it provides, Software Product Line Engineer-

ing (SPLE) is emerging as an important software development paradigm. Benefits of 

SPLE are attested both in academia and industry [1, 2]. They include the improve-

ment of both productivity and quality, and the reduction of time to market. SPLE aims 

to promote the systematic reuse of software artefacts [3]. But, its main objective is to 

produce a family of systems rather than individual systems. The main idea of SPL is 

to analyze the domain of a family of products to identify Commonalities and Variabil-

ities. These two concepts represent respectively artefacts that are shared by all prod-

ucts of the SPL, and those that are shared by only some products [2]. Feature models 

(FMs) [4] are widely used to describe commonality and a variability of an SPL [5, 6, 

7, 8]. A feature model allows representing the information of all product line mem-

bers in terms of features and relationships between them. Each member of the SPL is 

identified by a unique and valid combination of features called configuration [8].  

mailto:boubakirmohamed@yahoo.fr
mailto:a_chaoui2001@yahoo.com


SPLE implementation can be done as a top-down process that consists of firstly 

modeling the variability, then deriving different products. However, developing an 

SPL from scratch is a high cost activity. In practice, it is common for companies to 

develop a set of similar software product variants from existing ones using ad hoc 

techniques such the clone-and-own approach [2], [9]. These product variants are de-

veloped and maintained in a separate way without any prior consideration of the con-

cept of SPL. However, as their number increases, several problems arise. For exam-

ple, the task of maintaining these product variants becomes increasingly difficult and 

expensive [9]. In this case, it is worth reengineering similar product variants into an 

SPL and therefore taking advantage of the benefits of the SPL concept [10, 11]. This 

way of developing SPLs using a bottom-up process is called extractive approach [12]. 

In recent years, a number of approaches have been proposed to support the extrac-

tion of SPLs from exiting products. However, each of these approaches focus on a 

specific type of artifacts. For example [13], considers product description, while [10] 

considers architectural artifacts. Furthermore, most of these approaches make strong 

assumptions about their input. For example, [14] assumes that variability is imple-

mented using conditional compilation mechanism, while other approaches [5] require 

that features have previously been identified. 

In this paper, we present our proposed approach for the extraction of SPLs from 

existing product variants. This approach is applied on a set of models that abstract the 

input product variants. These models can be reverse engineered from source code. 

The result of the approach is an SPL represented by (1) the SPL model that gives a 

compact representation of all models of the input product variants, and (2) the varia-

bility model that specifies the variability in the SPL. The SPL is constructed in incre-

mental way by adding the set of input models one after another. The approach is im-

plemented and evaluated on three real SPLs. 

The remainder of this paper is structured as follows: Section 2 presents work relat-

ed to our approach. Section 3 and Section 4 present respectively our approach and the 

case study used to evaluate it. We conclude the paper and give an outlook on our fu-

ture work in Section 5. 

2 Related Work 

The authors of [10] propose to consider component architecture information to 

ease the variability reverse-engineering process. The approach proposed by Rubin et 

al. [6] aims to extract a product line from existing products by comparing and match-

ing artifacts of these products and merging the similar ones. Yssel et al. [15] propose 

an approach for extracting variability from a collection of similar model variants rep-

resented as function-blocks. The authors describe how to identify different variation 

points and dependencies between them and, therefore, how to create feature models. 

In [11] Xi et al. present an approach for feature location in a collection of product 

variants by using software differencing and Formal Concept Analysis (FCA) to ana-

lyze commonalities and differences among product variants. Koschke et al. [9] pre-

sent an approach to extract an SPL from a collection of product variants by exploiting 

architectural-level information. Ryssel et al. [16] propose to use FCA to extract a FM 



 

 

from an incidence matrix describing common and variable artifacts of the input prod-

uct variants. Martinez et al. propose an approach called MoVa2PL [17] for automating 

the migration of existing similar MOF1-based model variants into an SPL. 

Contrary to our approach that aims to extract SPLs from models, other approaches 

concentrate on the extraction of SPLs from source code. For example, Fenske et al. 

[18] propose a semi-automated approach for extracting an SPL from the code of a 

collection of product variants, basing on the clone detection technique. Zhang et al. 

[14] propose a framework solution to extract variability from source code. They only 

consider variability implemented using conditional compilation mechanism. An ap-

proach for refactoring SPL from Java code source is presented in [19].  

Some other approaches like for instance [20], and [21] focus on model comparison 

and model merging which are two key tasks in the process of extracting an SPL from 

existing product variants.  

3 Our Approach 

Fig. 1 gives an overview of our approach that aims to construct a software product 

line from existing product variants. This operation is performed in an incremental way 

by integrating the set of input product variants one after another. The approach is 

applied on models that represent the static architecture of the product variants. The 

result of the approach is a software product line represented by the two kinds of mod-

els: (1) SPL model and (2) Variability model. The SPL model gives a compact repre-

sentation of all models of the product variants. The variability model permits to speci-

fy the variability in the SPL. It is represented as a feature model (FM) [4].  

Before presenting in detail each step in our approach, we will firstly present an il-

lustrative example. Then, we will present our representation of the SPL. After that, we 

will describe how to identify different features of the FM. 

3.1 An Illustrative Example 

As illustrative example, we consider, a set of products variants concerning a simple 

family of text editor tools called NotePad-SPL2. The variability in this SPL concerns 

the functionalities copy/cut/paste, undo/redo and find that are optional. Fig. 2 illus-

trates three UML class diagrams that represent three product variants in this family. 

NotePad1 contains a set of classes: About, Actions, Center, ExampleFileFilter, Fonts, 

NotePade and Print, regrouped in the editor package. Each of these classes contains a 

set of attributes and operations. The NotePad class is mandatory because it is present 

in all products, whereas the two classes RedoAction and UndoAction are optional 

because they are only present in NotePad2. Similarly, the copy operation of the Ac-

tions class is optional because it is not present in NotePad2. 

                                                           
1  OMG, “Meta-Object Facility (MOF) Core Specification,” 2006. Available: 

http://www.omg.org/spec/MOF/2.0/ 
2  This SPL is obtained from the FeatureIDE framework [22] 

http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Wolfram%20Fenske.QT.&newsearch=true


 

Fig. 1. Overview of our approach 

3.2 SPL Representation in or Approach 

As we have seen above, our approach produces an SPL represented by the SPL 

model and the variability model (a feature model). The SPL model is a product model 

allowing a compact representation of all models of the product variants. It is obtained 

by merging the input product models. Each element of the SPL model can be either 

mandatory or optional. The FM contains a mandatory feature that we call the base 

feature and a set of optional features. The mandatory feature contains all mandatory 

elements of the SPL, while each optional feature contains a set of optional elements. 

Each feature is represented as a set of elements. Fig. 3 illustrates the SPL model and 

the varaibility model of the NotePad-SPL reconstructed using our approach from the 

three models of Fig. 2. The SPL model is the result of merging these three models. 

The FM contains the base feature and three optional feature denoted f1, f2 and f3. 

3.3 Feature Identification 

We describe here how to identify different features of the FM. More precisely, we 

describe how to decide whether a set of elements can be considered as a feature. We 

assume that each feature has exactly the same implementation in all the products that 

support it. This means that the elements that implement a feature must always appear 

together in different product variants. More formally: ∀(𝑒1, 𝑒2) ∈ 𝐹 × 𝐹, ∀𝑚 ∈

𝑀𝑠𝑝𝑙(𝑒1 ∈ 𝑚 ⇒ 𝑒2 ∈ 𝑚)3, where F is a feature, e1 and e2 are two elements, Mspl is the 

set of all product models of the SPL and m is a product model. This formula can be 

expressed as follow:  

 ∃𝑀𝐹 ∈ 𝑀𝑠𝑝𝑙(𝑀𝐹 ≠ ∅ ∧ 𝐹 ∈𝑎𝑙𝑙 𝑀𝐹 ∧ 𝐹 ∉𝑎𝑙𝑙 𝑀𝐹
𝑐) (1) 

                                                           
3  In our work, we consider features and product models as sets of elements, so all usual operations on sets 

(such as union, intersection, and difference, etc.) are also applicable on them. 



 

 

where: 

 𝑀𝐹
𝑐 is the complement of  MF (the set of product models that are not in MF). 

 Let A be a set of elements, and B a set of product models, the following notations: 

A ∈𝑎𝑙𝑙 B, and 𝐴 ∉𝑎𝑙𝑙 B, mean respectively ∀𝑒 ∈ 𝐴, ∀𝑚 ∈ 𝐵(𝑒 ∈ 𝑚) , and ∀𝑒 ∈
𝐴, ∀𝑚 ∈ 𝐵(𝑒 ∉ 𝑚). 

 MF contains models of all products supporting the feature F. 

 

Fig. 2. Example of product models4: (a) NotePad1, (b) NotePad2, and (c) NotePad3 

 

 

Fig. 3. Example of our SPL representation: (a) SPL model of the NotePad-SPL, and (b) the 

variability model of the the NotePad-SPL 

We define a function denoted ψ on a set of elements denoted E, and a set of product 

models denoted M such that ψ(E, M)=M0, where M0 ⊆ M, 𝐸 ∈𝑎𝑙𝑙 𝑀0, and 𝐸 ∉𝑎𝑙𝑙 𝑀0
𝑐, 

the set E satisfies the formula 1 if and only if 𝜓(𝐸, 𝑀𝑠𝑝𝑙) ≠ ∅. This formula is satis-

fied by each feature denoted F and by all its non empty subsets denoted F0. Moreover, 

                                                           
4  In order to facilitate handling the elements of models, we give an identifier to each element. This later is 

indicated between parentheses before the name of the element. Furthermore, for simplicity, we don’t 

take into consideration mandatory attributes and methods of the NotePad-SPL. 

(a) (b) (c) 

(a) 
(b) 



we have: 𝜓(𝐹, 𝑀𝑠𝑝𝑙) =  𝜓(𝐹0, 𝑀𝑠𝑝𝑙). This means that if a set of elements satisfies the 

formula 1, then it is either a feature or a subset of a feature. Therefore, if we have a 

set of n product models denoted M and a set of elements denoted E, E is considered to 

be a feature if and only if it satisfies the following constraint:  

 𝜓(𝐸, 𝑀) ≠ ∅ ∧ ∀𝐸0 ∈ 𝐸𝑎𝑙𝑙((𝜓(𝐸0, 𝑀) = 𝜓(𝐸, 𝑀) ⇒ 𝐸0 ⊆ 𝐸) (2) 

where: 𝐸 ⊆ 𝐸𝑎𝑙𝑙 , and 𝐸𝑎𝑙𝑙 = { 
n

i

im
1

\𝑚𝑖 ∈ 𝑀}. 

In the present paper, we refer to the above constraint as the feature constraint and we 

rely on it to identify different features of the FM. 

3.4 The Different Steps of the Approach 

Initialization. The initialization of the SPL consists of initializing both the SPL mod-

el and the variability model. This operation is achieved by integrating a first product 

into the SPL. The model of this product becomes the SPL model. The feature model 

contains only the base feature that contains all elements of the SPL model. 

Integrating New Products. After the initialization step, the rest of the product vari-

ants are iteratively integrated into the SPL one by one. In each iteration, the approach 

takes as input, a product variant model denoted Mp, the SPL model denoted Mspl, and 

the FM. As result, the SPL model and the FM are updated such that the new product 

can be represented. We present below with more details the three steps of the process 

that allows to integrate a new product into an SPL. These steps are: variability identi-

fication, updating the SPL model, and updating the variability model. 

Variability Identification. In this step, we compare the model of the new product (Mp) 

and that of the SPL (Mspl). The comparison result is represented by three sets of ele-

ments denoted, respectively, by  𝐸𝑝∩𝑠𝑝𝑙, 𝐸𝑝−𝑠𝑝𝑙, and  𝐸𝑠𝑝𝑙−𝑝, and contain, respective-

ly, the elements that belong both to Mp and Mspl, the elements that belong only to Mp, 

and the elements that belong only to Mspl. All elements of a given type in the first 

model are compared with the elements of the same type in the other model. Two ele-

ments are said to be similar if the comparison algorithm used decides that the first 

element in the first model is the same as the second one in the other model. Similar 

elements are included in 𝐸𝑝∩𝑠𝑝𝑙, where each pair of similar elements is represented by 

a single element. An element is said to be unmatched if it is not similar to any other 

element. The unmatched elements of Mp and those of Mspl are respectively included in 

𝐸𝑝−𝑠𝑝𝑙, and  𝐸𝑠𝑝𝑙−𝑝. We have used a simple comparison algorithm during the evalua-

tion of our approach. This algorithm considers that: 



 

 

 

 Two packages are similar if they have the same name. 

  Two classes are similar if they have the same name and their packages are similar. 

 Tow attributes are similar if they have the same name, their classes and their types 

are similar. 

 Two operations are similar if their classes are similar and they have the same sig-

nature (they have the same name, their return types are similar, they have the same 

number of parameters, and their parameter types are similar). 

Updating SPL Model. In order to permit the representation of the new product model, 

we update the SPL model by applying a simple merge algorithm. This later adds to 

the SPL model, the elements introduced by the new product (the elements of 𝐸𝑝−𝑠𝑝𝑙). 



Updating the Variability Model. Integrating a new product may modify the variability 

of the SPL. Therefore, we update the variability model, to ensure that it represents 

correctly the variability in the resulting SPL. To this end, we apply the algorithm 1 

which has been inspired from [22]. This algorithm takes as input the base feature, a 

set of optional features denoted F and the two sets 𝐸𝑝−𝑠𝑝𝑙, and 𝐸𝑠𝑝𝑙−𝑝. Then, modifies 

both the base feature and F so that: (1) the base feature contains only all mandatory 

elements of the SPL model, and (2) each elements of F satisfies the feature constraint 

seen. The algorithm involves three main steps: In the first step (lines 5-9), we create a 

new optional feature from the elements of 𝐸𝑝−𝑠𝑝𝑙. In the second step (lines 10-15), we 

create a new optional feature from the elements of the base feature that are not present 

in the new product. In the third step 3 (lines 16-32), we update the set F so that all its 

elements satisfy the feature constraint. 

3.5 Case Study 

In this section, we assess the feasibility of our approach. To this end, we evaluate it 

on the three following SPLs: NotePad, GameOfLife and GPL. These SPLs are written 

in Java and are obtained from the FeatureIDE framework [23]. The evaluation in-

cludes the following three steps. First, we generate a set of product variants from the 

SPL used. While each generated product variant is a Java application, we obtain in the 

second step product variant models from source code using reverse engineering tech-

nique. Finally, we apply our approach on these models to obtain an extracted SPL. 

Similarly to [24], we divided the evaluation into two parts. In the first part, we evalu-

ate the ability of our approach to extract an SPL conforms to the original one. In the 

second part, we assess whether our approach ensure a minimum level of quality. 

3.6 First Part 

We check here whether the FM of the extracted SPL and that of the original one 

are sufficiently similar. For this, we use the NotePad-SPL seen above. This SPL is a 

relatively small system containing 9 classes. Its FM contains one mandatory feature 

and three optional features. By combining these three optional features, we obtain 8 

different product variants. We applied our approach on these product variants and 

manually compared the features of the extracted SPL with those of the original one. 

We found that our approach produced the same FM as the original one. 

3.7 Second Part 

We check here whether the following two conditions are satisfied: (1) the extracted 

SPL allows generating the product variants that have been used to extract it, and (2) 

the mandatory feature of the extracted SPL includes all mandatory features of the 

original one. To perform this part of the evaluation, we use the two following SPLs: 

GameOfLife and GPL. Table 1 gives more details about these two SPL, columns 1, 2, 

and 3 give respectively, the number of classes, the number of features, and the num-



 

 

ber of all product variants in each SPL. The evaluation is performed using different 

numbers of input product variants. The numbers of the input product variants used for 

each SPL are given in column 4. For each SPL and for each number of input product 

variants, except the last number that represents all members of the original SPL, we 

apply our approach 50 times. In each time, the input product variants are randomly 

selected among all member of the original SPL. 

Table 1. SPLs used in the second part of the evaluation 

 Classes Features All product variants Product variants used 

GameOfLife 19 23 65 1, 2, 5, 10, 20, 30, 40, 50, 65 

GPL 14 38 156 
1, 2, 5, 10, 20, 30, 40, 50, 60, 

70, 80, 90, 100, 156 

First Condition. To verify whether the first condition is satisfied, we automatically 

verify whether the extracted SPL can generate the product models that have been used 

to extract it. The evaluation showed that for the two SPLs used and for each number 

of products and for each run of our approach, the first condition is satisfied. 

Second Condition. To verify whether the second condition is satisfied, we automati-

cally compare the mandatory feature of the extracted SPL with all mandatory features 

of the original one. Similarly to the first condition, the evaluation showed that the 

second condition is satisfied for the two SPLs used and for each number of products 

and for each run of our approach. 

4 Conclusion and Future Work 

In this paper, we proposed an approach for the extraction of software product lines 

from existing product variants. Giving a set of models abstracting the input product 

variants, our approach produces automatically an SPL. This later is constructed in an 

incremental way by integrating the set of input product variants one by one. We im-

plemented and successfully applied our approach on three real systems. Our approach 

can also be used to evolve an existing SPL by integrating new products in it. As future 

work, we plan to apply our approach to more case studies, and extend in order to sup-

port any kind of EMF-based model.  
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