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Abstract

Mobile applications are increasingly present in most aspects of our daily life,
satisfying the needs of information, communication, and entertainment. Dif-
ferent factors can degrade the performance of these applications or services,
and users can undergo unsatisfactory experiences. To achieve acceptance of
mobile applications by the user, it is necessary to consider the Quality of
Experience, which allows to measure the quality of an application based on
the user’s perception. This work presents AMobileQoE, an SPL framework
to automatically generate the code necessary to analyse the QoE of mobile
applications following the Design Science Research approach. It enables
developers to generate more than a thousand different product configura-
tions to measure QoE from a set of network, device, and user metrics. The
CovidInfo application was developed to test the SPL framework in a real
context with real users, showing the ease of integration and the lightness
of the framework. Furthermore, a quality assessment was performed on
AMobileQoE showing a high degree of modularity and variability.
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1 Introduction

QoE is defined as the general acceptance of an application or service accord-
ing to the subjective perception of the end user, and it is influenced by the
context and the user’s expectations [1]. Despite the different definitions that
have been proposed for QoE, they all emphasize the subjective nature and the
preponderant role of the end user. Thus, some objective characteristics were
incorporated [2] and the capacity of integrality and multidimensionality was
granted [3].

The properties of the mobile environment are complex because they
impose multiple factors that interfere with the QoE of end users. The quality
of a mobile app is affected by the heterogeneity of hardware, operating
systems, user preferences, the dynamics of mobility conditioned by the con-
nectivity network infrastructure, the context (weather conditions, open/closed
spaces), among other variables.

Quality of Service (QoS) has been related to QoE in several studies. It has
been shown that a QoS degradation can lead to an unacceptable QoE. Some
properties related to network performance, such as delay, jitter, packet loss,
error rate, bandwidth, and signal success rate, are applied to determine the
QoE value, depending only on the QoS calculation [4].

Although the number of factors and indicators to evaluate QoE is con-
siderable, previous studies [5] show that the capabilities to integrate and
combine metrics are limited in existing tools. These tools analyse a few
properties in a fixed way. This makes it difficult to analyse the various
factors that impact QoE. Diversity in the types of devices, applications,
content, and users requires the capacity to perform different tests and assess-
ments depending on the specific context and requirements. To address the
limitations present in the approaches of the existing tools, AMobileQoE is
introduced, a software product line (SPL) framework that supports a full and
customizable QoE analysis of Android applications. It allows developers to
generate more than a thousand different product configurations to measure
QoE from different objective metrics (latency, jitter, packet loss, memory,
CPU, etc.). Two evaluations were applied to AMobileQoE. The first consisted
of the use of AMobileQoE to generate different configurations in a real
app, which was tested in an unsupervised field study. The second was an
assessment of the quality of the SPL, where the results indicated a high level
of supported variability.

SPL is a set of systems that share common and variable features to
satisfy specific requirements [6]. It is built from a common set of software
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components with points of variability that allow the generation of multiple
product configurations [7, 8]. The use of SPL brings significant improvements
to the software development process [6, 9] in terms of costs, time to market,
productivity, quality, and flexibility [7].

The rest of the article is structured as follows: Section 2 describes the
research method based on the design science research approach. Section 3
introduces the main concepts about software product line and feature models.
Section 4 presents the developed SPL framework for Android applications.
Section 5 presents a real application as a case study from the SPL frame-
work. Section 6 shows the quality assessment of the SPL. Section 7 presents
related works. Finally, Section 8 presents the discussion and conclusion of
the findings.

2 Methodology

In this work, the approach called Design Science Research [10] was applied.
It is generally used in research related to engineering, computer science, and
information systems. It proposes the production of artifacts, such as instances,
constructs, models, or methods. Figure 1 shows the steps that have been
followed in this study. The first step (1) was the Problem identification for
which a solution is sought. The second step (2) was to set the Objectives
of an inferred solution of the identified problem that helped determine the
requirements of the framework. The third step (3) was the Design and
development of the framework that represents a solution to the problem. Here,
the Feature Model [11] approach was used for the construction of a generic
model. Java language, FreeMaker library, and Android Studio IDE were used
for the development of the AMobileQoE framework. The fourth step (4) was

[ Problem-Centered Design Science Research Approach J
1. Problem 2. Objectives of 3. Design and 4. Demonstration 5. Comunication
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Figure 1 Design Science Research approach.
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the Demonstration and evaluation with CovidInfo, a real application which
was developed to be used by real users in a daily context. Furthermore, this
step was completed with the evaluation of the model quality, using a specific
method proposed in Montagud (2009). The fifth and the last step (5) was
the Communication of results that is being carried out through this work. In
addition, the case study was reported at the International Conference of the
Chilean Computer Science Society (SCCC) [5].

3 Software Product Lines and Feature Models

SPL [12, 6] is an approach to developing families of systems based on using
reusable assets to improve software quality and reduce production costs and
time to market. The products developed with an SPL are specified in terms of
various features. A feature is defined as an increase in the functionality of the
product, and an SPL can offer both common and variable features.

Typically, the process of feature-based software product line is divided
into four phases or steps [13], as shown in Figure 2. In the first phase, the
domain is analysed to define the scope of the domain, that is, to decide which
products should be covered by the product line and, consequently, which
features are relevant and should be implemented as reusable artefacts. Next,
in the domain implementation phase, the reusable artefacts that correspond
to the features identified in domain analysis are developed. The needs of a
specific product are analysed in the phase of requirements analysis. These
requirements are mapped with the features identified during domain analysis.
Finally, in the product derivation phase, reusable artefacts are combined to
generate specific products based on feature selection and implementation.

A Feature Model (FM) [14, 15] can be used to provide a compact repre-
sentation of all products of a software product line in terms of features and
relationships between them. FMs can specify which elements of the product
family are similar or variable throughout the development life cycle. In
addition, FMs can incorporate a set of rules in the form of logical expressions
formed by features, logical connectives, and quantifiers.

Figure 3 shows that the FM nodes represent features, and the lines
indicate the relationships between them. The root node, A, represents the
domain concept being modelled. The features are classified as mandatory,
optional, or alternative. Optional features, such as node C, are represented
with an empty circle and may or may not be part of a product. Mandatory
features, such as nodes B, D, and E, are represented by a filled-in circle and
will be part of all products that the SPL can generate. Alternative features
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Figure 3 Feature Model representation.

can be exclusive (XOR) or nonexclusive (OR). XOR (“Alternative”) indicates
that only one subfeature can be selected, e.g., F or G; while OR (“Or”) allows
more than one option to be selected for a product, e.g., H or I or both H and
I. Besides, the diagram includes abstract and concrete features. Feature A,
which is abstract, represents an interface; and the rest, which are concrete,
are the features that implement the functionalities. FMs can also be specified
through textual notations [16].

Several tools [17] support the development of feature-oriented software.
However, most of these tools are developed for academic purposes, and
therefore, should be considered more as prototypes rather than as full-fledged
tools. On the other hand, the full-fledged tools like FeatureIDE do not have
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support for Android Studio, which is the official Integrated Development
Environment (IDE) for Android app development.

The proposed framework (AMobileQoE) has been developed following
the steps in Figure 2. In AMobileQoE, the FM features represent QoE
metrics with the particularity that all features are optional. This increases
the number of different product configurations that can be generated. The
complete description of steps and the feature model is presented in the next
section.

4 AMobileQoE Framework

In this section, we present AMobileQoE, a new QoE framework, following
the phases of feature-based software product line development [13].

4.1 Domain Analysis

The proposed approach focuses on defining an SPL to separate and indepen-
dently manage the metrics for QoE analysis. The strategy allows metrics to
be integrated and combined to generate different product configurations for
different devices.

A key element in creating an SPL is the specification of the common
and variable features of all similar products that the SPL will produce.
In this work, all features are variable and related to QoE metrics. The
features are classified into three groups: QoS metrics (Q); metrics related
to the consumption of device resources (D); and user metrics (U). Each of
these is described in Table 1. The list of metrics has been selected from a
literature review carried out in a previous study [5].

From the features identified above, the artefacts that support the software
product line are built. As a result, the feature model presented in Figure 4 is
defined. The model shows the features that represent the metrics of QoE.

The <QoE> feature is abstract and is defined to structure the model. This
feature does not have an impact at the implementation level. The <Metrics>
feature is intended to encapsulate the metrics that will be measured during the
application execution, where all are optional. Another feature in the model
is <GraphicView>, which intends to represent the captured values in line
graphics.

Based on the defined FM, which represents a family of products, the SPL
can compose different products by selecting the features that will be part
of these. For example, a product derived from the selection of the features
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Table 1 QoE metrics considered in SPL.

Metric Description Group
Latency The time it takes for a packet to travel from origin to Q
destination.
Jitter Variation in the arrival time of the packets. Q
Packet loss Amount of data packets that do not reach their destination. Q
Bandwidth Available capacity of a network link. Q
Network type Connection type used by the mobile device. Q
Cpu Capacity of the processor used by an application. D
Memory Amount of memory (RAM) used by an application. D
User perceived Time spent by the user waiting for a response from the 8}
latency application to a specific action.
User opinion Users’ general level of satisfaction with the application. U
Jr,r Latency Legend:
;.ff/_ Jitter [ 4 Mandatory
!/ o oOptional
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Figure 4 Feature Model.

<MemoryConsumption> and <GraphicView> will record the memory con-
sumption of the application and a line graph will represent the recorded values
over time.

The modelled SPL and composition rules defined to address the variabil-
ity of metrics are simple but offer significant configurability, considering that
the SPL allows for 1022 different product configurations. The number of valid
configurations (VCs) or valid products that can be derived from the SPL is
calculated from the FM. In fact, we have constructed the following formula
based on the combinatorial formula and the feature model structure:

9
VCs=2x Z C(9,1) = 1022 (1)
i=1
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where the VCs are calculated from the sum of all the combinations (C)
formed from a total of 9 features and a selection of i features. Finally, this
result is multiplied by 2 because the <GraphicView> feature is optional and
doubles the total of possible combinations.

4.2 Domain Implementation

The framework was developed to facilitate its integration with the application.
Thus, the process to add the metrics would be quick, easy, and at any time
during the development of the application. In addition, another objective was
to interfere as little as possible in the developer’s code. On the other hand, the
library generated by the framework only includes the necessary code for the
selected metrics, obtaining a lightweight library.

With respect to the dimensions of variability proposed by Apel [13],
the SPL framework was developed with an implementation technique that
supports compile time binding. It enables developers to decide which fea-
tures to include in the product before compile time. Thus, all unnecessary
code will be removed from the final product, reducing run-time overhead.
A language-based approach was another implementation technique used in
the framework, in which the feature and implementation code are located
in the source code. This makes it easy for developers to analyse and under-
stand the whole code. Also, the composition-based approach was applied to
separate the logic of each feature in different units of code.

Figure 5 shows the class diagram of the general structure implemented.
The first level contains the main class “MetricQoE” which starts and executes
each of the metrics. Furthermore, at this level is the “MetricListener” inter-
face, which defines the method to access the metric values obtained during the
execution of the application. Furthermore, the “ChartViewActivity” class cor-
responds to the <ChartView> feature that implements the previous interface
to listen to the metric values and display them into line charts. The second
level contains the features that encapsulate the logic and code to measure
each of the QoE metrics.

The framework was developed to be integrated with Android Studio since
it is the official Integrated Development Environment (IDE) for Android
app development [18]. The features (metrics) of the feature model were
implemented using Java as the programming language. For the generation
of the code from the FM, a template engine was used that contains the code
of the features because Android Studio uses this mechanism to generate the
base code.
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Figure 5 Class diagram.

The SPL was implemented using FreeMarker Template Language
(FTL) [19]. FreeMaker is a template engine and a Java library to generate
text output (HTML web pages, e-mails, configuration files, source code, etc.)
based on templates and changing data. This library is used by Android Studio
to generate basic projects from templates. Thus, the SPL is integrated with
Android Studio to specify the features and generate the code that measures
the metrics of QoE.

The template files contain the Java code, but with FTL instructions to
take action to the received parameters. For example, Figure 6 shows a portion
of code from the template file “MetricQoE.java.ftl”. In this figure we can
see the notations “<#if memoryConsumption>" and “</#if>" that contain
the Java code to declare and execute the “measureMemoryConsumption()”
method. This will generate a Java code file that will contain the “measure-
MemoryConsumption()” method only in case the template is run with the
memoryConsumption value being TRUE. Otherwise, if the template is run
with the value FALSE, the resulting file will not contain this method. Thus,
it is guaranteed that the resulting library only contains the code required for
the desired features.

The library begins metric measurement at the start of the application
execution, it only needs to be called in the “onCreate” method of the “Appli-
cation” class. Therefore, it is not necessary to add an additional code within
the functional code of the application. The library is created from the selected
features and only includes the necessary code for those features. Thus, the



504 A. C. Garcia and S. Casas

mption();

Figure 6 Portion of the code of MetricQoE.java.ftl template file.

library does not contain an unnecessary additional code, avoiding affecting
the weight and performance of the application.

The measured data of each metric are collected in real time during the
application execution. At the moment each metric is measured, this value is
notified to all subscriber objects. Thus, the application can know the value
of each metric at all times and make decisions about network consumption,
application performance, among others.

4.3 Requirements Analysis

The integration of the templates with the Android Studio IDE requires the
definition of several files. These files contain the location of the templates
and the definition of the parameters to generate the final code. Figure 7 shows
a portion of the code from the “template.xml” file with the definition of the
“memoryConsumption” parameter.

The “template.xml” file mentioned above is also used by the IDE to build
the visual interface that allows the developer to add the library with the metric
implementation of the selected metrics. Figure 8 shows the interface built
by the IDE where the metrics to be included in the library can be selected.
In this case, only the “Memory consumption” metric is selected, which will
generate a library with only the code to measure the memory consumption by
the application.

4.4 Product Derivation

Finally, Figure 9 shows the steps of how to use the framework to generate
different product configurations. Step 1 represents the developer who is
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Figure 7 Portion of the code of template.xml file.
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Generate a measure QoE metric library .
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Figure 8 Android Studio interface to select metrics.

developing a particular Android application. In Step 2, using the Android
Studio IDE, the developer selects the desired QoE metrics to measure in
the application. Step 3 corresponds to the library generated from the met-
rics selected in the previous step. This library will only contain the code
associated with the selected metrics. Step 4 represents the applications that
can be built from different metrics configurations. These applications are
used by several users, in different contexts, and with different expectations.
Thus, in step 5, the metric values that are measured by the library within the
application are collected. In this step, the developer can decide what to do
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Figure 9 AMobileQoE framework steps.

with these values (to store in files, to send to a server, among others). Finally,
the analysis of the metric values enables developers to get feedback on the
performance and behaviour of the application in different contexts. Thus, the
developer can take specific actions to improve some performance aspects of
the application.

In general, the framework is used from two points of view. The first is
from the developer side. The developer interacts directly with the framework
to generate a QoE library with the code necessary to measure a set of selected
metrics. This library is integrated with the application in which the developer
wants to perform the measurements. On the other hand, once the app is
compiled, it is used by different users who interact with the functionalities
implemented by the developer. The moment the user starts using the applica-
tion, the framework starts executing the QoE library to measure the metrics,
but it is transparent to the user without affecting its performance.

5 Case Study

The purpose of this section is to demonstrate the SPL Framework in a
real application. For this, more than one configuration was generated for a
native Android application showing the capacity to generate different tests
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Figure 10 CovidInfo screenshots.

according to different contexts. Then, for each configuration, different met-
rics were selected showing the flexibility and capacity to record the required
metric values for a more detailed analysis.

The application developed was CovidInfo. It is an academic-
technological development of the Research and Transfer Center of Santa Cruz
(CIT Santa Cruz) and the Applied Technology Institute (ITA UARG-UNPA).
Its objective is to provide updated information on the COVID-19 pandemic.
Figure 10 shows some screenshots of the application. CovidInfo is available
for download from https://gispunpauarg.github.io/CovidInfoUN PA.
Covidlnfo was available for free download from May 18 and the tests were
carried out with the data collected until June 3 (17 days).

Three different configurations of CovidInfo were generated with the
AMobileQoE framework. Each configuration refers to a different compilation
of the CovidInfo application, resulting from the selection of a different set
of metrics (features). The configurations targeted different countries with
specific metrics. Table 2 shows the selected features (metrics) and target
countries for each configuration..

Many configurations can be generated for an application. In this case,
only three were generated as a test. The target countries were selected with
the aim of reaching a similar number of users per configuration, since the
dissemination was mainly oriented to Argentina and Cuba (social networks,
emails, direct contacts, etc.). On the other hand, the number of metrics in
each configuration was made to show the power of AMobileQoE, which
allows you to select all the metrics, a few, or even a single metric. The
user opinion metric was added to each configuration because it represents
the subjective value of QoE. Then, most of the metrics (CPU, memory,
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Table 2  Specification of metrics and countries by configuration

Configurations
Metric C1: Argentina  C2: Cuba  C3: Rest of the world
Latency X X
Jitter
Packet loss
Bandwidth
Network type
Cpu
Memory
User perceived latency

Fo T < T B - B B B

User Opinion

Table 3 Amount of users and records by configuration

Configuration Users Records

Cl 51 24818

C2 29 1948

Cc3 21 1148
Total 101 27914

latency, jitter, bandwidth, packet loss, and user perceived latency) were
added to the first configuration (Argentina); latency metrics (latency and
user perceived latency) were added to the second configuration (Cuba); and
finally, metrics related to the consumption of device resources (CPU and
memory) were added to the third configuration (United States, Brazil, Spain,
Mexico, Guatemala, Uruguay, Bulgaria, Germany, Czechia, Australia, India,
and Honduras).

During the 17 days, CovidInfo was downloaded and used by 101 users
and a total of 27914 metrics values were recorded. A part of these results
have been published in [20]. Table 3 shows the details of users and records
by configurations. The amount of records depends on the quantity of users
and measured metrics in each configuration.

Due to the different number of users and metrics in each configuration, a
different number of records was obtained in each one. Therefore, percentage
values were used to make the comparisons. Figures 11, 12, and 13 show the
proportion of recorded values for each metric in the three configurations.
Each bar represents the proportion of the qualitative values with respect to
the total values collected for each metric, representing good metric values in
green, regular metric values in yellow; and bad metric values in red.
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As seen in configurations 1 and 3 all the metrics exceed 69% of good
quality values. However, latency and memory were the most affected metrics,
although to a lesser extent. Thus, some points to improve in the application
can be identified. On the other hand, in configuration 2, the latency was quite
affected, reaching only 25% of good quality values. This was due to the fact
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that in the country where these tests were developed, users did not have a
high-speed connection.

The weight of the code generated by the framework for measuring metrics
was also analysed. For this, the weight of the CovidInfo application without
the code generated by the framework was compared with the weight of
the configuration in the worst case that can be generated. The worst case
corresponds to the configuration in which all the metrics are selected and all
the code is included to measure each of them. The application without the
code for metric analysis registered a weight of 6249.96 kilobytes, while the
application with the generated code for the worst case registered a weight
of 6257.99 kilobytes. In this way, the maximum weight that the code gener-
ated by the framework for QoE analysis occupies is 8.03 kilobytes, which
represents only 0.13% of the total weight of the application. This shows
that the framework is lightweight and does not affect the weight of the final
application.

6 SPL Evaluation

This section shows the SPL quality evaluation using the method proposed
in [21]. This method is based on the SQuaRE quality standard: System
and Software Quality Requirements and Evaluation [22]. Specifically, this
method was used to evaluate the maintainability of the SPL. A high degree
of maintainability indicates that the structure of the product facilitates the
execution of future modifications. This property is one of the most evalu-
ated properties for SPLs since it considers their modularity and reusability.
Modularity analyses the active ratio per feature, and reusability uses four
metrics to independently mediate commonality and variability. Commonality
is evaluated taking into account aspects related to the reuse of assets, because
they are common parts of different products, and variability is evaluated
based on the richness and complexity of the SPL.

The purpose of the evaluation is to assess the maintainability quality.
The product to be evaluated is the feature model defined in the SPL and the
quality model to be used is shown in Table 4. Based on the selected quality
characteristic and the software artefact to be evaluated, the selection of the
metrics is made.

The possible values of the metrics are continuous values between 0 and
1. Being subjective values, we consider each attribute evaluated as accepted
or not accepted, for an independent reason. Following the evaluation plan,
the metrics to apply to the SPL have been selected. Table 5 presents for each
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Table 4 Maintainability quality Model

Sub-characteristics Attribute Metric
Modularity SPL Modularity Asset Ratio by Feature
. Functional commonality Functional coverage of an
Commonality
asset
Applicability of an asset Cumulative applicability
Reusability
L Coverage of variability in ~ Variability coverage
Variability g Y Y &
an asset
Complexity of SPL Number of variabilities in the
variability SPL
Table 5 Quality evaluation
Functional Variability Coverage  Applicability of =~ Complexity of
Attribute SPL Modularity ~ Commonality in an Asset an Asset SPL Variability
Metric Asset ratio by Functional Variability coverage ~ Cumulative Number of
feature coverage of an applicability variabilities in
asset the SPL
Formula X=A/BA= FC=S/NA= VC=A/BA= CA=05*FC V=(A+B)/N
number of assets number of number of +0.5* VCFC A = number of
to be developed  applications implemented points = functional alternative
in the SPL. B = using functional in the asset. B = coverage of an features. B =
number of feature i. B = number of points of  asset. VC = number of
features in the total number of  variation within the ~ coverage of the ~ optional
FM. applications in scope of the SPL. variability of an  features. N =
the SPL. S = asset. total number of
sum of A /B for features
each i from 1 to
N.
Result X=10/11X FC=5/10FC VC=1/10VC= VC=05*%05 V=(0+10)/
=09 =05 0.1 +0.5%0.1VC 11V=09
=03
Analysis and The modularity ~ The functional The value is The low value This value is
conclusion of the SPL is features have an  accepted: indicates indicates that the accepted: most

accepted: high
values favor the
derivation of
products. In the
model, only one
feature is not
covered by any
asset.

that most assets are
covered by a point of
variation of the SPL.
At a higher value,
there is less coverage
of the variability of
the asset.

average
commonality.
Each functional
feature will be
part of half of all
products
generated by the
SPL. The degree
of reuse of the
features is
medium.

features are
optional and
present a high
variability.

assets are less
applicable for
developing
several products.
They do not
apply to more
than half of the
products
generated by the
SPL.
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metric the formula to calculate it, the resulting value, and finally in the last
row it presents the conclusion of the results based on the thresholds defined
in the proposed method [21].

The SPL framework presented high modularity and variability, and a
medium degree of reuse of features. However, the applicability of an asset
did not reach good values, because each asset does not apply to more than
half of the products. This is due to the high value of variability, since the
feature model has the characteristic that all features are optional.

7 Related Works

This study presents an SPL framework to analyse the QoE in mobile appli-
cations. From this, two directions for related work were identified. The first,
on tools for QoE analysis addressed in Section 7.1, and the second on the
development of software product lines for mobile applications, addressed in
Section 7.2.

7.1 Tools to Analyse QoE

Several frameworks, methods, algorithms, and tools to analyse the QoE of
mobile applications have been addressed by different authors. In a previous
work [5], we conducted a systematic mapping study in which the tools
presented in Table 6 were identified. The last row of the table corresponds
to the tool proposed in this study. Thus, the number of metrics and the
customization supported by the tools are represented, which are the main
distinguishing features that we consider in our proposal.

Table 6 Tools to analyse QoE of mobile applications
Tool Amount of Metrics  Supports Customization

QoE Doctor [23] 3 No
Prometheus [24] 5 No
Applnsight [25] 1 No
Proteus [26] 3 No
Timecard [27] 1 No
Panappticon [28] 1 No
YoMoApp [29] 2 No
Mobile Agent [30, 31] 9 No
QX-probe [32] 3 No
AMobileQoE 9 Yes
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These tools combine objective and subjective metrics for QoE analysis
of mobile applications, as well as automatically collect and calculate the
values of the metrics. However, they present a wide dispersion of metrics
and do not support customization. Therefore, these tools make it difficult to
perform an integral and customizable QoE analysis in mobile applications
due to the limited approaches they present. The main contribution of our
work to this problem is the implementation of an SPL framework that has
the capacity to perform an integral and customizable QoE analysis. Thus,
AMobileQoE enables developers to create different configurations of QoE
metrics to perform different tests according to their requirements.

7.2 SPL for Mobile Applications

A second direction about software product lines for mobile applications has
been studied.

A Nested SPL for the domain of mobile and context-aware applications
is presented in [33]. The authors chose the Mobile Visit Guide domain and
built a product configuration of the proposed SPL called GREat Tour Mobile
Guide.

MSPLearning is proposed in [34], which is one SPL focused on the
mobile learning applications domain. The main goal of MSPLearning is
to provide benefits about the overall quality, domain comprehension, and
reduction of the time spent in the development and maintenance of m-learning
applications.

A domain model for building a software product line is proposed
in [35]. The authors propose building a software product line for mobile
collaboration in the emergency management domain, as there is a need for
different products depending on user types, fire company needs, and evolving
requirements.

In [36] a meta-model to bridge the gap between an application SPL and
a mobile device is presented. The framework ApplIDE was implemented to
support the meta-model approach. The main contribution of the authors was
the combination of device and application feature model, supporting both
device variability and application variability. The approach was validated
using the Customer Relationship Management (CRM) domain.

Five architectural styles for developing software product lines of Android
apps were proposed in [37] to simplify large-grained reuse and to easily
create Android app SPLs. The authors built a SPL as a case study for the
image processing domain using these architectural styles, demonstrating a
large amount of reuse.
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The main objective of these works is to build a software product line
for mobile applications, where the configurations are functional products that
respond to a specific domain. In contrast, the approach of the AMobileQoE
framework is independent of the domain of the application, with the aim of
measuring the QoE of the application interfering as little as possible in the
developer’s code.

8 Discussion and Conclusions

In this paper, we presented AMobileQoE, an SPL framework to automatically
generate the necessary code to analyse the QoE of mobile applications fol-
lowing the Design Science Research approach. Main concepts about software
product lines were introduced. The SPL framework was presented together
with the defined feature model and QoE metrics. An application (CovidInfo)
was developed to test the SPL framework in a real context and a quality
assessment of the SPL was performed.

The discussion is addressed in two lines, the first about the contribution
of the AMobileQoE framework for the measurement of mobile QoE, and the
second about aspects of the particular design and implementation of the FM
and SPL that support the tool.

The related works about tools to analyse the QoE in mobile application
present limited approaches. Those studies present a wide dispersion of met-
rics and offer a little support when analysing only certain quality attributes.
The AMobileQoE framework presented in this work enables developers to
choose the configuration of QoE metrics that they need to analyse. Therefore,
the main difference of this study is the capacity to perform an integral and
customizable analysis of QoE. On the other hand, the related works that are
focused on building a software products line for mobile applications respond
to specific domains. In contrast, the approach of the AMobileQoE framework
is independent of the domain of the application. The library generated from
the selected features represents a complement to the application to evaluate
the QoE without intervening in its operation.

CovidInfo application allowed us to test the SPL framework with a real
application. Distinct metrics values for each configuration were collected,
showing good metrics values. Except for the second configuration, where
only 25% of the latency values were good, the rest of the metrics in the three
configurations presented good values above 65%. Thus, we have shown that
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the proposed tool enables developers to build different settings with minimal
effort and obtain specific test results for each configuration.

On the other hand, SPLs in general and in particular for mobile apps, are
defined and built to generate families with at least some common ‘“asset” or
feature that is later made mandatory and varies according to other optional
features. In contrast, the proposed approach does not contemplate any com-
mon features, they are all optional, which from combinations without feature
restriction (metrics) allow the automatic generation of more than a thousand
different products. This has been verified in the quality evaluation of the SPL,
which yielded good results. The SPL framework presented high modularity
and variability, and a medium degree of reuse of features. However, the
applicability of an asset did not reach good values, because each asset does
not apply to more than half of the products. This is due to the high value
of variability, as the feature model has the characteristic that all features are
optional.

The proposed design, based on FM, has strengths. First, since each metric
is encapsulated in a feature, it allows -with little effort- to incorporate new
QoE metrics without the need to modify the model. Second, the FM that
supports the framework, being generic and abstract, is applicable for its
implementation on other mobile platforms.

The AMobileQoE framework was fully implemented because the tools
for developing a feature-oriented SPL do not have support for Android
Studio. Therefore, the steps, techniques, and approaches proposed by Apel
for the efficient implementation of software product lines were applied. From
this point of view, how the implementation has been carried out allows it to
be adopted for other platforms.

The limitations of this study are in the composition mechanisms of the
SPL of the AMobileQoE framework. The developer must compile the project
each time it is required to compose a new configuration of a test or to
decouple a configuration already integrated into a particular app. Although
all of these processes are transparent to the developer, they indicate that there
is a level of unwanted coupling. This drawback can be critical since the QoE
measurement on a particular app is a non-central and temporary functionality.

Future work is aimed at incorporating new QoE metrics to the AMobile-
QoE framework, which will result in more test configurations. Furthermore,
it is necessary to improve the composition and decoupling of the features to
each configuration to reduce or eliminate the need for compilation.
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