IJCSI International Journal of Computer Science Issues, Volume 15, Issue 4, July 2018
ISSN (Print): 1694-0814 | ISSN (Online): 1694-0784

www.lJCSl.org https://doi.org/10.5281/zenodo.1346035 29

Modelling and Correcting Duplication in Evolving Software
Product Lines

Amal Khtira®, Anissa Benlarabi? and Bouchra El Asri®

IMS Team, ADMIR Laboratory, Rabat IT Center, ENSIAS, Mohammed V University
Rabat, Morocco

Abstract

Software Product Lines (SPLs) are long-living systems that
require inevitably continuous changes to product line models.
Many studies in the literature have dealt with different challenges
related to the evolution of software product lines. Among these
challenges, the detection and correction of model defects have
received a great interest. In this vein, our work addresses this
challenge and focuses on a specific model defect, which is
feature duplication. The main objectives of this paper are to
propose a formal definition of feature duplication, to provide a
meta-model that describes the dependencies between duplication-
related concepts, and finally to present in details our solution to
detect this defect in evolving software product lines. In order to
illustrate our approach, we use an open source SPL called
FeatureAMP.
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1. Introduction

Software Product Line Engineering is an approach that
aims at creating specific products for different customers
while reducing development cost and enhancing product
quality [1]. Feature-Oriented SPLs are centered on the
notion of Feature. Indeed, the behavior and the functions
of a system are described through the definition of features,
then these features are used to determine the variability
and commonality of the system, which enables the
generation of a panoply of specific products that responds
to different customers’ needs.

Software Product Lines are long-living systems that
require inevitably permanent evolution. This evolution is
generally caused by new technologies, new customer
requirements or new business strategies. Researchers have
carried out many studies that deal with evolution-related
issues in software product lines. These studies can be
classified into four main categories: Evolution traceability
[2][3][4], evolution modelling [5][6][7], co-evolution
analysis [8][9][10], and finally change impact analysis
[11][12][13]. In the context of the last category, we deal
particularly with model defects caused by SPL evolution.
A literature review about model defects in software
product lines has shown that some defects such as
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ambiguity and inconsistency have generated considerable
interest [7][11][12][15][20][27][28], while other defects
such as obsolescence, omission and duplication have not
been thoroughly treated. In our work, we focus on Feature
duplication which occurs when two or more features of the
same semantics co-exist in a feature model of a software
product line.

Thus, the objective of this paper is to provide definition
and modelling for all the concepts related to feature
duplication and to describe in details our framework
proposed to optimize the evolution of SPLs through the
correction of feature duplication.

The remainder of the paper is structured as follows.
Section 2 gives an overview of the background of our
work, namely software product line evolution, model
defects in SPLs and feature duplication. Section 3
proposes a definition of feature duplication and all the
underlying concepts, and provides a meta-model that
relates these concepts. In Section 4, we present the details
of the framework proposed to detect and correct feature
duplication when evolving software product lines. The
different processes of the framework are illustrated
through the FeatureAMP product line. Section 5 presents
some studies in the literature that address model defects in
software product lines. Finally, Section 6 concludes the
paper and describes future work.

2. Background and Objective

In this section, we present the background of our work.
First, we address the software product line evolution and
discuss the challenges related to this issue. Then, we list
the different model defects discussed in the literature, and
finally we highlight the concept of duplication in software
product lines.

2.1. Software Product Line Evolution

Software evolution has always been one of the issues most
addressed in literature. Software product lines are no
exception, since they are long lived systems that incur
significant evolution throughout their service life due to

1JCSI
www.lJCSl.org



IJCSI International Journal of Computer Science Issues, Volume 15, Issue 4, July 2018
ISSN (Print): 1694-0814 | ISSN (Online): 1694-0784

www.lJCSl.org

https://doi.org/10.5281/zenodo.1346035

30

new business strategies, new customers’ requirements or
new technology challenges. Many studies in the literature
have dealt with issues related to SPL evolution. These
issues can be classified into four categories: Evolution
traceability, evolution modelling, co-evolution analysis,
change impact analysis.

Evolution Traceability [2][3][4]: The traceability is a
mechanism that helps identify and trace links between the
artefacts of a SPL or between its different versions. The
approaches dealing with traceability address in general the
evaluation of change history, the analysis of relationships
between interrelated artefacts and the detection of potential
inconsistencies, which enables the anticipation of future
decisions and the estimation of evolution cost.

Evolution Modelling [5][6][7][16]: In the case of
software product lines, the evolution impacts different
types of assets, namely requirements, architecture and
code. In order to preserve the integrity of these assets,
several works have proposed strategies for change
management and defined systematic and controlled stages
of evolution, which simplifies the evolution process.

Co-evolution Analysis [8][9][10]: In software product
lines, two kinds of co-evolution are discussed. The first
type concerns co-evolution between artefacts like in [8]
where co-evolution is captured between the variability
model, the makefiles and the source code in a specific
Linux kernel release, or in [9] that analyzed the co-
evolution between feature models and code. The second
type is the co-evolution between the core platform and the
derived products, which was discussed in [10]. According
to this study, the products of a software product line could
evolve independently of the domain, which leads to a set
of single applications instead of applications belonging to
the same platform. Thus, an approach is proposed in this
paper as a solution to this problem.

Change Impact Analysis [11][12][13][17][40]: The
evolution of complex and large scale systems is a difficult
task since any change can have adverse effects on all parts
of a system. The analysis of change impact helps estimate
the maintenance effort, define evolution-related tasks and
take the right decisions concerning the change
implementation. It also enhances the product quality and
ensures the system integrity by detecting potential defects.

Within this context, our work aims at the verification of
SPL models during evolution through the detection and
correction of model defects.

2.2. Model Defects in SPLs

As a result of software product lines evolution, some
defects can be introduced in the different artefacts of the
product line (i.e. requirements, features, design and code).
Based on a systematic review on model defects in software
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product lines, we could identify the different defects
addressed in the literature and determine the different
solutions dealing with these defects. Table 1 contains the
definitions of these defects.

Table 1: Definitions of Model Defects

Model Defect | Definition Source

Some Information from the feature
model is not clear, allowing multiple
interpretations for the specified
domain.

Ambiguity [14]

To have the same thing expressed in
two or more places; duplication can
happen in specifications, processes
and programs.

Duplication [18]

Erosion means that realization
artifacts become overly complex due | [21]
to unforeseeable changes.

Erosion

A non-attainable value of a domain
is the value of an element that never
appears in any product of the product
line.

Non-attainable

domains [19]

Requirements uncertainty refers to
changes that occur to requirements | [22]
during the development of software.

Uncertainty

The lack of necessary information

Incompleteness -
P related to a feature or requirement.

(23]

Some feature model element is not
consistent with another element from | [14]
the same feature model.

Inconsistency

Some information or behavior from
the feature model contradicts its | [14]
domain specification.

Incorrectness

Some Information in the feature
model is outside the domain scope.

Extraneous

information [14]

This happens when the behavior of
existing products is affected by a|[17]
new evolution.

Unsafety

Redundancy in a PLM is the
presence of reusable elements and
variability constraints among them
that can be omitted from the PLM
without loss of semantic on the
PLM.

Redundancy [19]

Given a feature f, and a (FSMd,
FSMr) pair corresponding to f, we
Non- say that the design of f conforms to
conformance the requirements of f, if every variant
of the FSMd has a corresponding
FSMr variant.

[25]

An obsolete software requirement is
a software requirement, implemented
or not, that is no longer required for
the current release or future releases.

Obsolescence [26]

Some information from the domain
was not properly included in the | [14]
feature model.

Omission
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An analysis of the different papers concerned by the
systematic review has shown that the model defect most
discussed in  the literature is  inconsistency
[71[12][13][14][20][27][28], while other defects are not
thoroughly treated, especially duplication.

2.2. The Notion of Duplication

Duplication as described by [18] is the fact of having the
same thing expressed in two or more places and can
happen in specifications, processes and programs. Based
on the systematic review of model defects in SPLs and a
complementary review of duplication in software, we
found out that the majority of approaches dealing with
duplication focus on code cloning [29][46][47]. However,
software product line evolution includes also a change in
functional specifications and in system models due to the
addition of new requirements and the modification or the
removal of existing ones. This change may cause
duplications both in the SPL domain and the derived
applications.

Studies working on code cloning overlook the fact that the
detection of defects in the implementation phase could be
an expensive and time-consuming task. Hence, the activity
of feature deduplication must always be carried out in an
early stage of the development lifecycle in order to avoid
the propagation of duplication in the next steps of the
project, to achieve a satisfactory level of quality and to
reduce the implementation cost.

In this vein, we decided to deal with the problem of
duplication in the feature level. Our objective is to detect
and correct potential duplications introduced in feature
models during the evolution of software product lines.

3. Duplication Modelling

In this section, we provide definition and modelling for all
the concepts related to duplication in feature-oriented
software product lines.

3.1. SPL-Related Concepts

In feature-oriented SPLs, domain and application models
are expressed in feature models that represent the SPL
variability, while the requirements of new evolutions are
generally expressed in natural language specifications. A
definition of all these concepts is provided bellow.

Definition 1: Variation Point [30]

A variation point p; represents one or more locations at
which variation occurs.
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Definition 2: Variant [31]

A variant v;; is a unique option of a variation point that
represents a possible realisation of variability.

Definition 3: Feature
A Feature F is a tuple (R, C, A, V) where:

R is the root element

C is the cardinality of the feature
A is a finite set of annotations

V is the feature type

A feature is the main constituent of the feature model and
represents an indivisible function of the system. A feature
has two cardinalities, a minimal and a maximal and could
be related to a set of annotations that clarifies its
semantics. According to the mapping proposed in [1], we
consider that a feature can be either a variation point or a
variant.

Definition 4: Domain Model

A domain is a family of related products, and the domain
model D is the representation of all the different and
common features of these products.

PD is the set of variation points of D and VD is the set of
variants of D.

e PD={pd;|i<mandi € N}
e Vpd; € PD 3VD; where VD; = {vd;; | j € N}
e VD= UR,VD;

This definition involves two assumptions:

e A variation point pd; from the set PD is
associated with a set VD; that contains the
variants vdy;.

e VD is the union of all the sets VD;. It represents
the set of all the variants of the domain model.

Definition 5: Application Model

An application model 4 is the model corresponding to an
individual application. It is generated by binding the
variability of the domain model in a way that satisfies the
needs of a specific customer.

PA is the set of variation points of 4 and VA is the set of
variants of A.

o PA={pa;|i<nandi € N}
e Vpa; € PA IVA; whereVA; = {vaij |j € N}
L] VA = UﬁlVAL

The association between the domain model and the
application model can be expressed as follows:
e PA CPD : The set of variation points of an
application is a subset of the set of variation
points of the SPL domain.
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e VA cVD: The set of variants of an application
is a subset of the set of variants of the SPL
domain.

Definition 6: Specification

A Specification S is a description of the intended behavior
of a software product. PS is the set of variation points of §
and VS is the set of variants of S.

o PS={ps;|i<qandi € N}
e Vps; € PS 3VS; whereVS; = {vsij | j € N}
o VS=UmM,VS;

In our case, a specification contains the details of all the

features that have to be implemented during an evolution
of the system and it’s expressed in natural language.

3.2. Formalizing Duplication

After defining the concepts related to the evolution of
feature-oriented software product lines, we propose a
definition for the notion of equivalence and duplication.

Definition 7: Equivalence

Two elements E; and E, are said to be equivalents if they
have the same semantics and represents the same function:

E, = E,

In our work, this notion is applied both to variation points
and variants. Based on equivalence, we introduce the
notion of feature duplication. Duplication occurs when we
implement independently two requirements that seem to be
different when in fact they refer to the same business need.

Definition 8: Duplication
Let p; be a variation point and v;; one of its variants:

dp where p; = p and 3v where v;; = v
= Duplication

We distinguish two types of duplication, internal
duplication and external duplication.

Definition 8.1: Internal Duplication

Internal duplication is detected between the features of the
model or between the features of the specification.

For models: Let (p;, v;;) € PD X VD;
Jp € PD where p; = p and 3v € VD where v;; = v
= InternalDuplication

For specifications: Let (p;, v;;) € PS X VS;
Jdp € PSwhere p; = p and 3v € VS where v;; = v
= InternalDuplication
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Definition 8.2: External Duplication

External duplication is detected between the features of the
model and those of the specification.
Let (pi,vij) € PS X VSl
3p € PD where p; = p and 3v € VD where v;; = v
= ExternalDuplication

3.3. Meta-Modelling

In order to present the relations between the different
concepts defined previously, we propose the meta-model
depicted in Fig. 1.

Specification

o/ Feature Model o Product Line ‘
A [r [y

Equivalent Variant Variability Equivalent
Variation Point

lo-

Feature

Duplicated Feature

‘ Variant Setof

Dependancy

T

‘ Optional ‘ ‘ Mandatory ‘

Alternative
Choice

min
max

Fig. 1 Meta-model of Duplication in FO-SPL

According to Fig. 1, a feature is either a component of a
feature model or associated to a specification. To add more
semantics to a feature, annotations can be defined. The
variability of features is defined using variation points and
variants. The dependency between these two classes is
represented with an abstract class, and we distinguish two
types of dependencies, mandatory and optional. The
dependency is mandatory when a variant of a variation
point must be selected in every derived application. The
dependency is optional when a variant of a variation point
may or may not be selected in an application. In addition
to dependencies, transversal constraints can be added to
features, such as « Require » et « Exclude ». The constraint
« Require » means that the selection of a feature requires
the selection of the other. As for « Exclude », it means that
two features can’t co-exist in the same application.

In the meta-model, the notion of equivalence is presented
using two classes « Equivalent Variant » and « Equivalent
Variation Point » that inherit respectively from the classes
« Variant » and « Variation Point ».
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Fig. 2 The overview of the proposed framework.

last process is responsible for analyzing the potential
duplications in order to take the rights decisions
concerning their correction.

Similarly, the notion of duplication is expressed via the
class « Duplicated Feature » that inherits from the class «
Feature ». We distinguish the two types of duplication via
the classes « Internally Duplicated Feature » and
« Externally Duplicated Feature » that inherit both from
« Duplicated Feature ».

In the rest of this section, we present the different
processes in details and we illustrate them through an open
source SPL called Feature AMP [33] whose domain model
is presented in Fig. 3.

4. A Framework for Feature Deduplication in

SPLs 4.1. Model Transformation

This section presents the details of the framework
proposed in [32] as a solution for detecting and correcting

feature duplication in evolving SPLs. As depicted in Fig. 2,

this framework is based on three main processes: Inputs
Transformation, duplication detection and duplication

correction.
Legend FeatursAMP
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SkipTrack | RemoveTrack ShuffieRepeat = ReorderPlayiist

Fig. 3 The Domain Model of FeatureAMP

The first process consists of transforming the framework
inputs into a more formal representation. These inputs are:
the domain model of the SPL, the application model of a
derived product and the specification of a specific
evolution. In the second process, a set of algorithms are
applied do detect internal and external duplications. The

In order to model the domain and application models of
the proposed SPL, we use FeaturelDE [34]. FeaturelDE is
an open source framework based on Eclipse that supports
all steps of the SPL development cycle, especially domain
analysis and feature modeling. Indeed, it provides the
possibility to present graphically the SPL features and the
dependencies between them, to configure the application
models from a domain model and to generate
automatically an XML file for the feature models. This file
is structured using the following tags:

e <and> with the option « Mandatory »: for mandatory
features.

e <and> without the option « Mandatory »: for optional
features.

e <or>: For features related by the OR-relation.

e <alt>: For features related by the XOR-relation.

o <feature> : For the features existing in the bottom of
the tree.

This representation of models is centered on dependencies
and doesn’t take into account the notion of variability.
Consequently, we need a supplementary step to transform
this tree into a new representation that focuses both on
variability and semantics. For this, we propose the
following mapping rules:
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e The tags <and>, <or> and <alt> correspond to
variation points.
e The tag <feature> correspond to variants.

In the case of different levels of variation points, we take
the lowest level because we consider the higher levels as
abstract. By applying the mapping rules on the
FeatureAMP domain model, we obtain the arborescence
illustrated in Fig. 4.

o]

VariationPoint |~

ShowTime

aveAndLoadPlaylis

VariationPoint

VariationPoint

RemoveTrack

Fig. 4 The new representation of FeatureAMP domain model

ClearPlaylist

4.2. Specification Transformation

The objective of this section is to transform specifications
into a simple representation that allows the detection of
duplications inside the specifications and duplications
against feature models. In Section 4.1., we explained the
method followed to transform a feature model to a new
arborescence that contains two tags "Variation Point" et
"Variant". In order to unify the framework inputs and
facilitate the comparison between then, we chose to
transform the specification into the same structure.

The transformation of textual specifications consists of
analyzing syntactically and semantically the sentences of
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the specification at the aim of understanding the
requirements described by the client and extracting the
potential variation points and variants. So that the
detection of entities from a specification is performed
automatically, the machine needs a repository of entities
built upon the SPL domain. The management of this
repository is presented in Section 4.3. The proposed
approach is based essentially on the notion of Machine
Learning [35]. Thus, to enhance the activity of entity
recognition, the repository must be updated constantly by
following the SPL evolutions.

In the rest of this section, we describe in details the
different steps of the specification transformation, namely
syntactic and semantic analysis. To illustrate this activity,
we consider the specification depicted in Fig. 5 that
represents an evolution of FeatureAMP.

The new version of the application supports the WAV and OGG formats. The user can
play a track, stop it, pause it, skip forward or skip rewind. He can also add and remove
tracks from the playlist. In addition, the application must give the possibility to repeat
the playlist in the order set by the user. V

Fig. 5 The Evolution Specification

e Syntactic Analysis

The activity of syntactic analysis is composed of three
main actions: The detection of sentences, the tokenization
and the parsing.

- Detection of sentences: Since the input specification
is a textual document composed of sentences, this
first operation consists of detecting the punctuation
marks that indicate the end of a sentence then write
each sentence in a separate line. The result of this
step is a document that contains one sentence per line.

- Tokenization: This action is responsible for
segmenting sentences into tokens. A token can be a
word, a punctuation, a number, etc. At the end of this
action, all of the tokens of the specification are
separated using whitespace characters, such as a
space or line break, or by punctuation characters.

- Parsing: The objective of this action is to analyze
each word in the specification and determine its role
in the sentence to which it belongs, based on the rules
of a specific language grammar. In our case, the
language used in the specifications is English. A
parser marks all the words of a sentence using a POS
tagger (part-of-speech tagger) and converts the
sentence into a tree that represents the syntactic
structure of the sentence. This action enables us to
verify for example whether a sentence is affirmative
or negative or whether a requirement is mandatory or
optional, etc.
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e Semantic Analysis

This activity consists of extracting semantic information
from a sentence. In our approach, we are interested
especially in the parts of sentences considered as variation
points or variants. In order to accomplish this task, we
must feed the base model of the repository with tagged
variants from the domain model. The variants are not
necessarily named entities; they can also be a part of a
sentence.

During this activity, the content of each sentence is
compared against the repository of entities (variation
points, variants) already created, in order to detect the
variants that potentially exist in the specification. This
operation is performed automatically.

Once all of the variants are tagged, the corresponding tree
is generated. Since we follow a machine learning approach,
the initial model is updated continuously to improve the
operation of variants detection. Indeed, the more the model
is full with tagged variants, the more the recognition of
variants from the specification is accurate.

At the end, the result of the specification transformation is
a tree whose nodes are tagged either with <VariationPoint>
or <Variant>. For the example of FeatureAMP, the tree
corresponding to the specification is illustrated in Fig. 6.

T

[ |
e |

e |
e |
e |

L]
e |

Variant

Play a track

i

Fig. 6 The Specification Tree
4.3. Repository Management

The repository is a central element in the proposed
framework, because it is used by both the first and the
second processes. It consists of two main components, the
model and the dictionary.

e The model

The model (or the glossary) is used basically in the
transformation of natural language specifications. Indeed,
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the model stores the general specifications of the SPL
domain previously annotated in a way that distinguishes
specific entities. In our work, we are interested especially
in variation points and variants. The construction of the
model is an up-front investment that must be performed in
the phase of requirements engineering of a software
product line. Hence, the activity of specification tagging
has to be done in parallel with the conception of the
domain model.

So that the model can detect entities in a specification with
a satisfying level of precision, it must keep up with the
evolution of the SPL platform and its derived products.
Thus, our approach is based on machine learning, because
during each new evolution, the specification is verified
based on the model, and when the analysis is done, the
new generated specification is annotated and added to the
initial model in order to enrich it and enhance the precision
of entity recognition.

e Thedictionary

Since the proposed approach is based on a semantic
comparison, a dictionary is thus necessary to compare the
new features against the new ones and to detect the
potential duplications. The dictionary, as its name suggests,
contains the definition of all the features of the product
line, their description and their synonyms, which helps
detect both internal and external duplications. A dictionary
is initially built based on the domain features, but should
be constantly updated and refined to improve the activity
of detecting duplications.

4.4. Duplication Detection

The second process of the framework consists of detecting
duplications introduced into a SPL during a new evolution.
This process includes two main activities [32]: i) Detection
of Internal Duplication and ii) Detection of External
Duplication.

e Detection of Internal Duplication

Internal duplication corresponds to duplication in one of
the framework inputs, the feature models or the
specification. Since both inputs are transformed to a
unified representation, the algorithm used to detect
duplication is the same and is composed of the following
steps:

- Define a key synonym for each set of synonyms
based on the dictionary.

- Update of all the variation points and variants by
their synonyms in the specification or in the model in
question.

- Put in alphabetical order the variation points and the
variants.
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- For every variation point, delete the duplicated
variants (For every variation point, compare the first
variant with the second. If the two variants are
equivalents, delete the first, else move to the next
comparison and repeat the same action until all the
variants of a variation point are deleted).

- Detect the duplicated pairs (variation point, variant).

e Detection of External Duplication

External duplication corresponds to duplication between
the feature models and the specification. We distinguish
six possible cases of a new pair (variation point, variant)

or (p;, vi;) [36].

Case 1. The variation point p; has an equivalent in PA and
the variant v;; has an equivalent in VA;. In this case,
duplication occurs against the application model.
Consequently, the two elements must be removed from the
specification, but the domain model and the application
model do not change.

dp € PAwhere p; = p and 3v € VA; where v;; = v
= Duplication

Case 2. The variation point p; has an equivalent in PA and
the variant v;; has an equivalent in VD;. In this case,
duplication occurs against the domain model. Thus, a
derivation of the variant from the domain model is
sufficient.

dp € PAwhere p; = p and 3v € VD;\VA; where
v;j = v = Duplication

Case 3. The variation point p; has an equivalent in PA and
the variant v;; has no equivalents in VD;. In this case,
there is no duplication; the pair is thus new and must be
implemented.

dp € PAwhere p; = p and 3v € VD; where v;; = v
# Duplication

Case 4. The variation point p; has an equivalent in PD but
not in PA and the variant v; has an equivalent in VD; but

not in VA;. In this case, duplication occurs against the
domain model. Thus, a derivation of the variant from the
domain model is sufficient.

Ap € PD\PA where p; = p and v € VD;\VA;
where v;; = v = Duplication

Case 5. The variation point p; has an equivalent in PD but
not in PA and the variant v;; has no equivalents in VD;. In

this case, there is no duplication; the pair is thus new and
must be implemented.

dp € PD\PA where p; = p and Av € VD; where
v;j = v # Duplication
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Case 6. The variation point p; has no equivalents in PD
and the variant v;; has no equivalents in VD;. Dans ce cas,
on conclut qu’il n’y pas de duplication ni par rapport au
domaine ni par rapport a ’application. In this case, there is
no duplication; the pair is thus new and must be
implemented.

Ap € PD where p; = p and 3v € VD; where v;; = v
# Duplication

Based on the identified cases, two algorithms were
proposed for the detection of external duplication, one for
the comparison between specifications and domain models,
and the second for the comparison between specifications
and application models. Even if the two algorithms are
similar, we chose to separate the two verifications, because
the decision taken in each case is different.

In order to implement the two algorithms, we are working
on a tool support that we introduced in [37]. By verifying
the specification against the corresponding application
model of FeatureAMP, we found the results presented in
Table 2.

Table 2: Cases Detected in the Specification

(VariationPoint, Variant) Case
(SupportedFormat, OGG) Case 3
(SupportedFormat, WAV) Case 1
(Playlist, RemoveTracks) Case 3
(Playlist, AddTracks) Case 3
(Playlist, RepeatPlaylist) Case 3
(UnboundVariants, PlayATrack) Case 6
(UnboundVariants, StopATrack) Case 6
(UnboundVariants, PauseATrack) Case 6
(UnboundVariants, SkipForward) Case 6
(UnboundVariants, SkipRewind) Case 6

4.5. Feature Deduplication

As depicted in Fig. 7, the process of feature deduplication
involves two main activities, the analysis of detected
duplications and the generation of a correct specification
(or a feature model).

The principal inputs of the first activity are: i) the feature
model and ii) the log containing the potential duplications
generated in the duplication detection process. The analyst,
with the help of the customer, analyses the duplications to
assess their relevance and validate or not their removal.

A number of decisions may be taken:
- The removal of the new feature: If the analyst
chooses this decision, the sentences containing the
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duplications are deleted automatically from the
specification and a new correct specification is
generated.

- The modification of the new feature: A demanded
feature may be badly expressed and must be modified
to respond exactly to the client’s need. In this case,
after the addition of the new feature, a new
verification can be carried out to verify that a new
duplication wasn’t introduced.

- The replacement of the old feature: The analyst can
decide to delete an old feature and replace it by a new
feature. In this case, the specification doesn’t change,
but work must be done to delete the old feature.

2

Analyst

|

Domain N Duplications ]
Model uplicatl

- Analysis I:\> =7
r o Ny
[ Analyst Decisions =

Deduplication |:“> —

Duplicated / D ion-free
features = Specification

Initial Specification

Fig. 7 The Process of specification deduplication

The second activity takes as inputs the decisions of the
analyst and the initial specification of the evolution. In the
output, it provides a duplication-free specification that can
be used to implement the demanded evolution. It should be
noted that the first activity can’t be performed
automatically because the analyst’s intervention is
mandatory. In contrast, the second activity is automatic.

5. Related Work

A plethora of papers have dealt with model defects in
software product lines. In this section, we present these
papers according to the artefact they address
(Requirements, models, architecture and code).

5.1. Requirement Verification

In the studies dealing with requirements, many papers
followed an approach based on natural language
processing (NLP) to verify the textual specifications of a
software product line. For instance, [38] carried out a
systematic literature review to investigate the applications
of NLP in the context of Software Requirements
Engineering (SRE) between 2002 and 2016. Hajri et al.
[27] propose an NLP-based tool for the verification of use
cases and the associated models, whose variability is
defined with the method PUM (Product line Use case
modeling Method). Ali et al. [39] intend to verify the
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Software Requirement Specification (SRS) document by
proposing a methodology of four processes i.e. Parsing
Requirement (PR), Requirement Mapping using Matrix
(RMM), Addition of Requirements in SRS template and
Third Party Inspection. The objective of this paper is
basically to minimize ambiguities and incorrectness inside
the SRS. In addition, many tools of requirements
verification have been proposed, such as RSLingo [40],
TRIC [4] and Marama [41].

5.2. Model Verification

The majority of papers addressing the verification of
domain models focus on feature models [12][15][20][28]
[41], which is logical given that software product lines in
literature are most of the time feature-oriented. Several
solutions have been proposed in this sense, namely tools
such as VMLA4RE [42], VCC [20][28] and SPLEND [25],
extensions of the DOPLER tool [16][43], frameworks such
as SPLEMMA [7][47] and techniques such as FMCheck
[14].

5.3. Architecture Verification

The studies concerning architecture in software product
lines deal with architecture documents or UML models
such as class diagrams or components diagrams. Dam et al.
[24] focus on the merging of artifacts in software product
lines. For this, it presents an approach to automatically
merge consistent artifacts, inform users of the potential
inconsistent/conflicting artifacts and propose ways to
resolve them. Shumaiev and Bhat [44] retrieved different
types of uncertainties based on the analysis of three real-
world software architecture documents. Then discussed
how existing NLP techniques could help authors of
software architecture documents to detect various kinds of
uncertainty. Farias et al. [45] present an exploratory study
that evaluates empirically the impact of stability on the
effort of model composition. In this study, some
composition heuristics were applied to 18 versions of
design models related to three product lines. The main
finding was that stable models tend to reduce the
inconsistency rate and to lower the model composition
effort.

5.4. Code Verification

A review of the papers addressing code verification has
shown that the defect that has received most attention is
code cloning. For example, [46] proposes a conceptual
framework based on machine learning to detect code
clones. The authors use summaries generated by deep
neural networks as metrics to measure similarities between
code snippets. Schmorleiz and Ld&mmel [29] describe a
process for similarity management of cloned variants
during software evolution. This process uses annotations
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to record developers’ intentions and to anticipate
automatic change propagation. Hellebrand et al. [9]
address the coevolution between feature models and code.
More specifically, it proposes metrics that allow the
detection of variability erosion between the two artefacts
during SPL evolution. Rubin et al. [47] focus on the
management of software product variants realized via
cloning. For this purpose, the authors present a framework
that consists of seven conceptual operators and validate
their efficiency through three case studies from the
automotive industry.

6. Conclusion and Future Work

Many studies in the literature proposed solutions to
optimize the evolution of software product lines. The
challenges addressed in these studies concern in particular
the evolution traceability, evolution modelling, co-
evolution and change impact. In our work, we focused on
the last category and especially on the model defects
caused by the SPL evolution. Based on a systematic
review, we found out that the problem of feature

duplication hasn’t been given a big interest in the literature.

Thus, in this paper, we proposed a formal definition of all
the duplication-related concepts and a meta-model that
describes the relations between them. Then, we described
a solution to detect duplication in feature-oriented software
product lines. The different processes of the proposed
framework were illustrated through the SPL Feature AMP.
Currently, we are working on a tool support for feature
deduplication based on the proposed framework. In future
work, we intend to provide the details of this tool and to
describe the results of the application of our approach on
an industrial product line.
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