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Abstract

Software-product-line engineering (SPLE) is a systematic way of using software en-
gineering methods, tools and techniques in order to create a collection of similar
software-based systems. The idea of SPLE is that a product is defined based on
the features of the product. The features are identified and structurally defined in
the code. This is called software product line (SPL). A new variant of a product
is created by selecting a certain set of features to fulfill the requirements of that
product.

A common problem with SPLE is that companies often have trouble in deciding
whether or not to perform an SPL migration, since they are unsure of the costs
of doing so. Even if they decide to perform a migration, they do not know which
approach is the best for them. These issues are the motivation for this thesis.

We have performed a migration on a set of Android games into an annotative SPL.
An annotative SPL means that features are defined in the code in form of anno-
tations and that the products are included in a common code base. The games
were written by using a clone-and-own approach, meaning that products are cloned
and modified to match some requirements. We migrated the games to an SPL by
extracting the common elements of these games and annotating them as features in
the code.

Each activity that we performed was logged with a measurement approach that
we designed with another thesis group that did a migration with another approach
called composition-based. This thesis presents what activities should be performed
when doing a migration to an annotative SPL. It also presents the characteristics and
costs of these activities, and there is also a comparison between using an annotation-
based approach and a composition-based approach.

This study finds that there are several different activities that should be involved
when performing a migration. The activities have different characteristics in terms
of complexity, importance and timescale. By comparing to the composition-based
approach, we found that the annotation-based approach is easier to start with when
you are a novice to the SPL topic and that it also cost more to perform in terms of
time.

Keywords: software product line, software-product-line engineering, annotation-
based, migration
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1

Introduction

Software-product-line engineering (SPLE) is a systematic way of using software en-
gineering methods, tools and techniques in order to create a collection of similar
software-based systems. The field first gained traction in the late 1960s, but it was
not until the 1990s that it became more widely used. Some companies that have
since adopted this strategy with great success are: Boeing, Bosch, Hewlett Packard,
Toshiba and General Motors. Even though these companies are in widely different
fields, they still have been getting much value out of this strategy [Apel et al., 2013].

The idea of SPLE is that a product is defined based on the features of the product.
Features are identified and structurally defined in the code. This is called a software
product line (SPL). A new product is created by selecting a certain set of features
to satisfy the requirements of a new product.

The main motivation for creating SPLs are usually that companies create too many
clones of their product which lead to maintenance issues. They realize they need to
perform an SPL migration, but the costs of doing so are unclear. This study aims
to research the activities and effort needed to transform several Android games into
an annotative SPL. This will be done by performing an actual SPL migration and
measuring the effort using different measures.

The subject systems that the migration will be performed on are a set of Android
and Java games called the Apo-Games. They are developed by Dirk Aporius using
the clone-and-own approach, which means that products are cloned and modified
to match some given requirements [Kriiger et al., 2018]. This thesis is the response
to a challenge case from the Apo-Games case study [Kriiger et al., 2018] and can be
described as an empirical case study. The case study provides 20 Java games and
5 Android games, with five challenges to the research community. These challenges
include: reverse engineering feature models, feature location, code smell analysis,
architecture recovery and migrating the games to an SPL. Note that while an SPL
migration will be performed, all of these challenges will not necessarily be done, the
main focus is the actual migration.

There are mainly two approaches that are used in practice when migrating to an
SPL, annotation-based and composition-based [Apel et al., 2013]. The difference
between these are in the way that features are represented in the code, as well as
how new products are created. In an annotation-based approach, the features are
directly marked in the code in the form of annotations and the code from all prod-
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ucts are included in a single code base. The traditional way to annotate the features
are by using C preprocessor constants such as #ifdef [Kastner and Apel, 2008].
This means that the code that belongs to a certain feature is maintained under the
#ifdef annotation. For example, #ifdef FirstFeature defines the code that belongs
to FirstFeature. In this project, a simple Java preprocessor will be used to the same
effect. Another thesis project will perform a similar study, however they will be
using a composition-based approach to perform the migration. The results of these
approaches will be compared to draw conclusions on the effectiveness of them.

1.1 Statement of the Problem

Kriiger et al., state that while SPLs are far superior to clone-and-own practices,
many companies still use clone-and-own practices. This is because they might fear
the upfront cost of creating an SPL, or being uncertain of how their product might
look like in the future. With an increasing amount of similar products, the effort of
maintaining them increases as well. The solution can be to extract similar elements
and merge them into an SPL [Kriger et al., 2018].

Creating SPLs are often risky and very costly [Apel et al., 2013]. With several
different products, extracting similar features in each of the clones is a very complex
task, as the dependencies and interactions between the features are often poorly
documented. Locating these features is therefore time-consuming and challenging.
This process is called feature location and most of time it has to be done manually,
as automated tools are not as accurate [Kriiger et al., 2018]. In addition to locating
features, there is often a lack of understanding with regards to the other tasks that
have to be performed. The costs of these tasks are often hard to estimate without
real data. In addition, if a company decided to perform an SPL migration, there is
still the problem of choosing which approach to use.

1.2 Purpose of the Study

The purpose of the study is to understand the activities and the costs needed to
migrate existing products into an annotative SPL. Many organizations need the
means to decide whether they should migrate to an SPL or not, but the costs are not
clear. It is also not entirely clear what tasks should be performed to minimize costs
while performing the best migration possible. Choosing the suitable approach to
the migration is also a problem., This thesis will provide fine-grained cost data with
regards to the migration tasks which should be valuable for organizations considering
migrating to an annotative SPL. The Apo-Games are suitable for this task since they
are somewhat complex, with several layers of abstraction to them. They all have
complex application logic which is found in many real-world scenarios.
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Annotation-based SPL

This chapter describes the fundamentals of software product product line engineer-
ing, with focus on annotation-based approaches. It also introduces and describes
cost models, which will serve as a foundation for our measurement approach.

2.1 SPLE and Features

As mentioned in Chapter 1, an SPL is a way to structure code to promote the cre-
ation of new products with varying requirements. This means that similar product
variations can be created with differences between them, depending on what the
customer requests. SPLs are feature-based, meaning that a new product variant
can be configured based on the features that are needed to satisfy the requirements
of that product.

There are several reasons for migrating from a clone-and-own approach to an SPL.
According to Apel et al. [2013], some of the biggest motivators are the following:

1. New variants can easily be created, tailor-made according to customer require-
ments. Instead of having a few standard versions of a product, SPLs support
a bigger range of variations.

2. While the upfront cost of building the SPL is higher than building a single
product, the cost of the SPL is far cheaper given enough time. This is due to
new products not having to be designed and built from scratch.

3. Another important factor is the increased quality that comes from utilizing an
SPL. Standardized parts are often controlled and tested thoroughly in com-
parison to code that is very specific and seldom used. In general, the more a
part of code is used, the better quality it will have.

4. SPLs have the potential to reduce time-to-market significantly compared to
traditional systems. If a customer’s requirements are supported by existing
features, a new variation of the product can be created very quickly. In addi-
tion, building new features can often be done easily in an SPL compared to
building the product from scratch.

Managing several similar versions of a product can be challenging and costly if they
have to be modified down the line [Antkiewicz et al., 2014]. For example, if a bug is
encountered in the applications, the bug would have to be located and fixed in all
of the cloned products if a clone-and-own approach has been used. In the case of an
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SPL, the bug should be tied to a single feature and would only have to be fixed once.

Another motivator for migrating to an SPL is the branding aspect. Certain parts of
cloned variants can be modified in the migration process to strengthen the company’s
brand and to make it obvious that all products are owned by the same company. An
example of this is Angry Birds, with lots of similar but different products that have
strong branding. When the company Danfoss [Jepsen and Beuche, 2009] migrated
their cloned variants into an SPL, they integrated all of their menus etc., which can
be seen as a kind of branding. The benefits of this can be that features become
more unified and familiar to users, which is important to companies.

There are mainly three different ways in which an SPL migration can be performed:
proactive, reactive and extractive [Apel et al., 2013]. The proactive approach in-
volves an extensive domain analysis and focuses on features and variation from
scratch. The reactive approach revolves around creating or updating an SPL when
new products are created, due to new demands or requirements. On the opposite
side of the spectrum, the extractive approach is when existing products are analysed
to extract common and varying code into a single platform, which is the approach
we will use for this migration. The extractive approach often involves activities such
as refactoring old code and locating features that are scattered in many places. As
the method relies on existing code rather than preplanned guidelines, it often leads
to a less maintainable code base [Apel et al., 2013]. The approach requires extensive
domain analysis and feature location efforts for these reasons.

A systematic mapping study was conducted by Assuncao et al., with the purpose
of providing an overview of the current research in the SPLE field [Assungéao et al.,
2017]. They concluded that there is a great interest in the field in the research com-
munity, despite a decrease in publications between 2014-2015. The study found that
the most common inputs in an SPL migration are source code and requirements,
while the most common outputs are feature discovery and refactored source code.
For our migration, source code is the only input we have to work with.

A study on the topic of clone-based variability management showed that clone-based
variability practices such as clone-and-own is widely used in the Android ecosystem,
due to the fact that it does not offer any variability management [Businge et al.,
2018]. On the other hand, platforms such as GitHub and BitBucket have enhanced
the process of cloning software, by the use of forks and pull requests. The study also
showed that most of the time, there is no form of code propagation performed within
an app family, which means that there is no code sharing between the main variant
of the app and the copies of the app. The result of this is poor code reusability,
which often is a sign of wasted resources. Another interesting finding is that most
of the variations of apps found are not developed by the same person. This can
become an issue if the variability in the code is very different, since that will make
an SPL migration harder.

Dubinsky et al. [2013] have observed through their study regarding cloning in in-
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dustrial software product lines that people involved in cloned product lines favor
cloning as a reuse approach. This is mainly because cloning has a low entrance
barrier. Despite this, the long-term problems that are introduced by using cloning
cannot be ignored. It is important to clearly identify the benefits of any approach
trying to re-engineer cloned product lines into structured SPLE models since the
engineers will have to abandon the current cloning practice.

Because of these issues of migrating to an SPL, a more flexible approach have been
presented by Antkiewicz et al., a strategy called virtual platform [Antkiewicz et al.,
2014]. The purpose of the virtual platform is to enable organizations to have the
benefits of a fully-integrated platform while still having the benefits of a clone-based
approach. The difference compared to an SPL, in which reusable assets are con-
tained within a platform, is that a clone management approach is used to make
assets reusable. There are many intermediate points between a clone-and-own ap-
proach and an SPL, which means that committing to an SPL is not always the
best idea. The conference paper presents six different levels of software reusability,
ranging from different types of clone-and-own to a fully integrated SPL.

2.1.1 Annotation-based vs Composition-based

As mentioned before, annotation-based means that the code from all products is
included in a single code base, and features are marked directly in the code in
the form of annotations. These annotations are commonly based on C preproces-
sor directives, such as #ifdef. Features can then be included and excluded in a
product using preprocessor constants such as #define Featurel. Annotation-based
approaches are commonly used due to their ease of use, as well as many languages
having support for preprocessor directives. However, the ease of use comes with a
price, as the annotation-based approaches are often critized due to their potential
complexity, lack of modularity as well as the reduced code readability and feature
traceability [Ji et al., 2015].

On the other hand, composition-based approaches locate features and separate them
into different locations, such as dedicated files, containers or modules. According
to Apel et al. [2013], a classic example of a compositional approach is a framework
that can be extended upon using plugins, preferably one feature per plugin, so that
different products can be generated using different plugins. This approach leads to
a more structured code base and SPL, compared to an annotation-based approach.
The main drawback of using this approach is the challenge that comes with main-
taining the relation between a feature and its implementation.

The approaches are often compared using a set of characteristics that best describe
their strengths and weaknesses. Some of these characteristics are: feature trace-
ability, language independence, granularity and SPL adoption [Kriiger et al., 2016;
Késtner and Apel, 2008].

Feature traceability refers to the ability to trace a feature from the feature model
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to its implementation in the SPL. This can be especially important when a developer
is trying to fix a bug related to a certain feature. Compositional approaches support
feature traceability more than annotative approaches, since all of a feature’s code is
contained in a single place in the compositional approach, while the code might be
scattered in the annotative one.

Language independence is the dependency of a certain language when performing
an SPL migration. Since features are directly annotated in the annotative approach,
it can often be language dependent. However, with simple tools such as Antenna, a
Java preprocessor, this language dependency can easily be bypassed.

Granularity describes the level at which features are implemented. This can either
be coarse-grained or fine-grained, where coarse-grained can be variability at file or
folder-level, and fine-grained can be variability at line-level. Annotative approaches
support fine-grained variability for a low effort, while compositional approaches gen-
erally only support coarse-grained variability.

SPL adoption simply refers to the effort necessary to migrate existing products
into an SPL. Annotative approaches are by far easier to adopt, for several rea-
sons. Preprocessors are a part of many programming languages and easy to use.
Compositional approaches influence existing code and processes too much for many
companies to adopt a migration of this kind. These factors make it more likely for
a company to adopt the annotative approach in the early stages of a project, and
then later refactor the code into separate units.

2.1.2 Feature Models and FeaturelDE

A feature model is a way to model all features in an SPL, which shows their de-
pendencies and constraints. Perhaps most importantly it shows valid configurations
and enables creation of configurations [Classen et al., 2011]. Feature models helps
illustrate dependencies between features effectively, as can be seen in Figure 2.1.
A popular tool to maintain feature models is FeatureIDE!, which is an addon for
Eclipse IDE [Késtner et al., 2009]. In FeatureIDE, feature models can be created
easily and a feature’s code can be written directly in the IDE. To further customize
the feature model, there is a constraint wizard which handles constraints between
features. A constraint can be that one feature has to be selected if another feature
is selected, which would limit the amount of valid configurations.

Figure 2.1 displays a simple example of a feature model created in FeaturelDE.
A feature can either be mandatory or optional, which is shown by having a grey
respectively white circle as connection type. A feature can have several different
ways of being implemented. Figure 2.1 illustrates how a payment can be done ei-
ther by credit card, bank transfer or debit card. Features can also be alternative,
meaning that only one of the features can be implemented at the same time. Note
that payment and security are abstract, which implies that they do not have any

'FeatureIDE: http://featureide.com/
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impact on implementation level. The opposite of an abstract feature is a concrete
feature, which means that it is implemented in the code base.

E-Shop Legend:
» M andatony
el bt < Optional
FPavrment Search Securty Riona
. | f_ A Albernative
CreditCard || BankTransfer || DebitCard || High | | Low Abstract
Caoncrete

Figure 2.1: Example of a feature model

In addition to feature models, FeatureIDE supports several so-called composers,
which are different ways of generating products. Antenna is one of these composers,
which enables the use of annotations in Java by providing a simple Java preprocessor.
With Antenna, features are defined using if-else statements in the code. After the
feature model has been created and the corresponding code written, a configuration
can be created by selecting which features the product shall include. Configuration
files can be created that contain a predefined set of features which can be useful
for creating base configurations of products. Antenna then composes the code and
includes the code for all selected features.

2.1.3 Commonly Used Activities

This section presents some commonly used activities during the process of migrat-
ing to an SPL. These activities have been found by studying the literature on SPL
migration strategies.

There are mainly two types of approaches used when it comes to performing a
migration, the bottom-up approach and the top-down approach. The top-down ap-
proach is based on deriving features as a result of a domain analysis. The bottom-up
approach focuses instead on deriving features as a result of code analysis techniques,
such as clone detection. If someone is to perform an SPL migration on a system that
they are unfamiliar with, they should probably always use a top-down approach to
begin with. On the other hand, if they themselves have developed the system from
scratch, there probably is no need to perform a domain analysis and they can use
a bottom-up approach instead. To get a broader understanding of the features in a
system, these approaches can be combined and used simultaneously by combining
domain analysis and code analysis activities. Yinxing et al. calls this method the
sandwich approach which can be useful where the domain knowledge is limited but
not non-existent [Xue, 2011].

Whether the top-down or bottom-up approach is used, there are a number of ac-

tivities commonly performed. Since features are often poorly documented, with
regards to for example location, author and rationale, they need to be recovered

7
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[Kriiger et al., 2019]. This activity is called feature location and is one of the most
common and most expensive activities involved in SPL migrations [Wang et al.,
2013; Poshyvanyk et al., 2007; Rubin and Chechik, 2013]. This task often has to
be done manually, since automated tools are often not accurate enough and need to
be heavily adapted for each project. This makes the feature location process prone
to errors in addition to being time-consuming [Kriiger et al., 2019]. An experiment
conducted by Wang et al. studied which actions are involved in the process of locat-
ing features. Among these actions, reading source code is the most common action
[Wang et al., 2013]. Clone detection and diffing are two other powerful activities
that aids the feature location process. Clone detection is the process of finding
cloned code in source code. Diffing is the process of comparing files line by line to
find similarities and differences. These processes provide a simple way of finding
possible features in the cloned code.

In order to fully locate features, it is crucial to have an extensive understanding
of the domain [Kang et al., 1990]. A domain analysis can consist of several activi-
ties, such as using the product, analysing UML diagrams and looking at the basic
structure of the source code. In addition to providing useful data to the feature
location process, the domain analysis will provide useful feature information. The
goal of the domain analysis is to find out which features are relevant to have in the
SPL and the result of the analysis is often documented in a feature model [Apel
et al., 2013].

Analysing the requirements from the customer is often important in addition to
performing the domain analysis. The purpose of this analysis is to map the cus-
tomer’s requirements to selections of features that were identified in the domain
analysis [Assungao et al., 2017].

As mentioned earlier, features are generally maintained in a feature model [Lee
et al., 2004]. When features have been defined in the feature model they have to be
actually implemented, regardless if the SPL is built from scratch or code is extracted
from existing products. As mentioned earlier, the features can be implemented using
either annotations in the code or by using a compositional approach.

2.1.4 Cost Models

Cost models are helpful in order to predict efforts and savings when migrating
to an SPL [Clements et al., 2005]. This section explains the well-established cost

models SIMPLE, InCoME and COPLIMO. These cost models serve as a basis for
our measurement approach, which is described in Section 3.4.

2.1.4.1 SIMPLE

The Structured Intuitive Model for Product Line Economics (SIMPLE) is one cost
model used for SPL [Kriiger et al., 2016; Clements et al., 2005]. It describes a set of
functions and allows companies perform cost estimation for their SPL development.
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There are four different basic cost functions in SIMPLE:

 Organizational [C,,4| is the cost of introducing SPLE to an organization. Can
for example include training and process improvement.

o Core Asset Base [C..) explains the cost of developing the core asset base. Can
for example include learning different development environments, and analysis
of commonality and variability.

o Unique [Cyunique) describes the cost of implementing unique parts that are not
part of the core asset base.

o Reuse [Cpeyse] describes the cost of reusing features from the core asset base.
This includes identification, integration and performing testing on assets.

These four basic cost functions can be used to describe the cost of building an SPL
that contains n number of products (p). The equation of how to calculate the cost
of building a product line, Cspy, is shown below in Equation 2.1.

CYSPL = Corg + Ccab + Z(Cunzque(pz) + Creuse(pi)) (21)

With the use of this SPL cost equation, we can create another equation that shows
the cost difference between using a product-line and stand-alone development. This
helps to decide whether to use product-line or stand-alone development. SIMPLE
defines the function C),,4 which is the cost of developing a product without reuse.
The equation for the savings, Cspings, is shown below in Equation 2.2.

Csavings = Z Cprad(pi) - OSPL (22)

To calculate the return of investment, ROI, the savings (Ciupings) is divided with
the sum of the investment cost. The investments is the organizational cost (Cyg)
and the cost of building the core asset base (Ceqp). This calculation is shown below
in Equation 2.3.

C. .
ROI = — (2.3)
C(07"9 + C(cab
The cost for evolution, C,,,, describes the effort of releasing new versions which can
include bug fixes or new functionality. The function C,u, is the cost for updating
the core asset base, which can occur when bug fixing or adapting to a product. The
equation for calculating C,, is shown below in Equation 2.4.

n

Cevo - Z(Ccabu (pz) + Cunique (pz) + Creuse (pz)) (24)

i

2.1.4.2 InCoME

The Integrated Cost Model for Product Line Engineering (InCoME) helps organi-
zations decide if it is worth to invest in a product line, based on produced cost
and benefits [Nobrega et al., 2008]. The model consists of three layers. The cost
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factors layer is the lowest level and provides a number of cost functions. The view
point layer is the middle level which contains three viewpoints; product, domain and
corporate engineering, which all includes a reuse scenario. The investment layer is
the highest level and contains a number of economic functions. In Figure 2.2 is the
structure of InCoME illustrated in a block diagram notation.

INTEGRATED COST MODEL FOR PRODUCT LINE ENGINEERING

CORE ASSET
BASE
DRGANBATHINAL UNGLE PARTS

STAND-ALONE ASET
PRODUCT EVOLLITION
EVOLUTION

Figure 2.2: Structure of InCoME in a block diagram notation [Nébrega et al.,
2008]

The cost factors layer includes seven different cost functions that are used to provide
the upper layers with cost estimations. These cost functions are the same that are
used in the SIMPLE model. InCoME introduces a new function called stand-alone
(Cina), which is the cost of building a product independently of the product line.

The viewpoint layer uses the values that are calculated in cost factors layer. The
values are used to calculate the functions for the reuse scenarios. The functions
explain the cost savings that are targeted by a specific stakeholder. The viewpoints
includes three different SPLE cycles; product, domain and corporate engineering
cycle.

The values that are produced by all of the scenarios and built by a specific viewpoint

are sent to the investment layer. This layer produces different economic calculations
for the different viewpoints. The functions that are calculated in this layer are Net
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Present Value (NPV), Return of Investment (ROI) and Payback Value (PV). NPV
returns the value of a predicted cash flow. ROI is calculated by dividing the NPV
with the investment cost. The investment cost is the sum of the organizational cost
and the core asset base cost (Cory + Ceap). The PV function returns the smallest
period of time when the NPV return a positive value.

The equation for calculating ROI is shown below in Equation 2.5. The NPV of
viewpoint (v) is divided with the investment cost.

NPV (v)
Cm'g + Ccab

The equation for calculating NPV for viewpoint v is shown below in Equation 2.6.
The investment cycle is denoted by Y and describes which time period the invest-
ments will be analyzed. This is often set in years and is often calculated from a
start date, which is denoted SD. Discount rated (d) is a quantity that expresses the
time value of money.

ROI = (2.5)

Y B,(SD + 2)

NPV (v) = Tra

(2.6)

z=1

2.1.4.3 COPLIMO

The Constructive Product Line Investment Model (COPLIMO) is based on and ex-
tends the well-established model COCOMO II [Boehm et al., 2004]. COPLIMO
consists of two different components: a cost model for the development cost of a
software product line, as well as an annualized post-development life cycle model.

Cost models such as COPLIMO must cover two main sources of investments or
savings, being the Relative Cost of Writing for Reuse (RCWR), as well as the Rel-
ative Cost of Reuse (RCR) [Pfleeger, 1997]. RCWR is the added cost of writing
reusable code to be used in a SPL, compared to the cost of writing code to be used
in a single application. RCR is the cost of actually reusing the code in a new SPL
product, compared to the cost of writing new code for that product [Boehm et al.,
2004].

2.1.5 Tools

There are several existing tools to aid in all stages of an SPL migration process,
including tools to discover features and other tools that increase feature traceabil-
ity. As mentioned earlier, FeatureIDE is an important tool to maintain feature
models, as well as to configure variants and see valid configurations. Other tools
include CIDE, AHEAD, FeatureHouse, FLOrIDA, BUT4Reuse [Késtner, 2007; Ba-
tory, 2006; Andam et al., 2017; Martinez et al., 2017]. CIDE originally stood for
Colored Integration Development Environment, which is a tool that supports col-
ored code annotations to make the code belonging to one feature appear with a
certain background color, among other views and navigation support. AHEAD (Al-
gebraic Hierarchical Equations for Application Design) is an architectural model for

11
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feature-oriented programming (FOP) with focus on supporting large-scale composi-
tional SPLs. FeatureHouse is a tool which allows composition of software artifacts,
which needs to be used in compositional SPLs. FeatureHouse can be used alongside
FeatureIDE. FLOrIDA (Feature LOcatlon DAshboard for Extracting and Visualiz-
ing Feature Traces) is a tool that allows increased feature location and feature trace-
ability by providing different views such as a feature tree and other visualizations.
Finally, BUT4Reuse is a tool that provides several functionalities for extracting
software artefact variants, including commonality and variability analysis, feature
identification and location and other features.

12
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Methods

This chapter describes the approach for performing the migration. The chapter
explains the research questions, the general methodology and the Android applica-
tions used in the migration. The measurement approach used for logging and the
migration strategy is also presented in this chapter.

3.1 Research Questions

RQ1: What activities should be performed when migrating cloned variants into an
annotative product line?

It is important to find out what activities that should be performed and docu-
mented when migrating to an annotative SPL. There is no predefined list of what
activities that should be included in a migration. This thesis provides a number of
different activities performed during the migration process together with a detailed
log of each activity. This is answered by literature study as well as our experience.

RQ2: What are the characteristics and cost of the migration activities?

The characteristics and cost of the activities are logged with our own designed mea-
surement approach. This logging approach helps us to keep track of each activity
that was performed during the migration.

RQ3: How does the migration to an annotative product line differ from the mi-
gration to a compositional product line?

By comparing the results from RQ2 to the results from a compositional product
line migration, the difference between these approaches can be presented. This will
be done by comparing our result to the result of the other group that is performing
a compositional product line migration.

3.2 General Methodology

This section provides an overview of everything that we performed during this
project. The first thing we did was to conduct a study on the literature in the
subject. Once we had a decent understanding of the topic in general, as well as on
cost models, we designed a common measurement approach for logging activities,

13
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in collaboration with the other thesis group. It is important to have a common
measurement approach in order to make a reliable and accurate comparison of the
two different approaches. Figure 3.1 shows the workflow of the general methodology.

S )

Design the Conduct Migration

Measurement Strategy

Approach Compare Annotative

[ — ~— .
Summarize Data Approach to
— — From Activites Compositional
Approach
Literature —
Background Study Log Activities

~— @@ ~— @@

Figure 3.1: Overview of the workflow

After we had created a strategy for measuring our efforts, we created a general
strategy for how to perform the actual migration. This strategy was based on the
literature review, mainly the literature on commonly used activities. The purpose
of this strategy was to have some sort of structure when performing the migration.

The following text briefly explains each step that we performed during the mi-
gration. To start off the actual migration, we performed a domain analysis to get a
better understanding of the different games. We wanted to find what features they
have in common and what features that differ. As part of the domain analysis, all
games were played and class diagrams were created from the source code. Class
diagrams are important to better grasp the structure of the games and to see which
classes have been cloned from game to game. In addition to simply playing the
games, we had to build the code to make sure that the code worked.

By manually analysing the code after performing architecture analysis, more fea-
tures were discovered, in addition to their location in the code. To analyse the code
further, activities such as clone detection and pairwise diffing are important to locate
more features. These two activities proved to be very useful in the migration process.

Once most features had been found, a feature model was created using FeatureIDE
to visualize all feature and to be able to create new configurations. Antenna was
used as a composer in FeatureIDE to be able to use Java preprocessor statements to
annotate features in the code. The games were migrated into a common code base
by annotating the features from the feature model in the code. Once finished, the
cost of the migration is measured using our activity logs and the results are then
compared to the results of the composition-based approach.

During the migration process, it was crucial to continuously ensure that the quality
of the products was intact. To do this, all games were built and thoroughly tested
after each addition to the SPL, which makes sure that no functionality has been lost
in the process. Unit testing might have been suitable for this purpose, but it was
not something we wanted to spend time on, due to the already high complexity of
configuring and building the games.

14
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3.3 Subject Systems

The Apo-Games includes several different Android games. Five of these games are
included in this report and are part of the Apo-Games case study [Kriiger et al.,
2018], with the source code being available on BitBucket!. The games are written
in Java and range from around 3500 LOC to 8000 LOC in size. The games were
developed from 2012 to 2014 and uses different versions of BitsEngine created by
Marc Wiedenhoeft. Table 3.1 lists the LOC and number of files in each game.

Game LOC | Files
ApoDice 3479 | 19
ApoSnake 3975 | 19
ApoClock 4944 | 28
ApoMono 7854 | 24
MyTreasure | 7156 | 27
Total 27408 | 117

Table 3.1: LOC and number of files in each of the games and the total LOC and
number of files

ApoClock consists of two different game modes, arcade and puzzle. The mission in
the arcade mode is to survive as long as possible by sending a ball, which is spawned
at the start of the game, between different clocks before the clock timeouts. The
game continues until you either miss a clock with the ball or a clock timeouts before
you send the ball to another clock. In arcade mode you get a score at the end of
the round based on how long you managed to stay alive.

The mission in the puzzle mode is to shoot the ball to all the clocks in a level
to beat it. A clock disappears when the ball leaves that specific clock and is shot to
another clock. As in arcade mode, you fail the level if the ball misses a clock or the
clock timeouts before the ball is sent to another clock.

ApoDice is a puzzle game in which there are several dice with different numbers
on them, indicating how many times they can be moved. The goal is to move each
dice to a black square on the board. If you run out of turns, you need to restart the
level. There are 30 levels to choose from, excluding user-created levels.

ApoMono is a puzzle game where the goal is to move an avatar from the starting
position to the goal. There are several different obstacles that need to be passed in
order to reach the goal, such as high walls and missing floor. The player is allowed
to move specific stones in order to surpass these different obstacles and reach the
goal.

ApoSnake is a game mildly similar to the classic snake game, in which the player
controls a snake and eats the candy placed on the board. Whenever candy is eaten,

L ApoGames source code: https://bitbucket.org/Jacob_Krueger/apogamessrc/src/master/
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the length of the snake is increased. The candies are colored differently and the
snake becomes the color of a candy when eating it. The snake can move through
walls that are colored differently from itself.

MyTreasure is another puzzle game where the character is placed within a 2D
maze. Inside the maze there is a golden coin which the player shall reach. This is
done by rotating the maze so that the character moves in the maze using gravity.
There are also yellow blocks that are moving when rotating the maze.

All of the games have an editor, where you have the ability to create your own
custom level of that specific game. The custom level is then stored among all other
levels created by other users, and all these levels can be retrieved and played from the
userlevels button in the menu. Note that this button crashes the game in all games
except ApoMono and MyTreasure due to a bug. An ingame overview screenshot of
each of the games can be found in Appendix B to get a more clear understanding
of the different games.

3.4 Design of the Measurement Approach

The measurement approach was designed in collaboration with the other thesis
group by having three joint meetings and discussing how to log the activities. The
approach explains in detail how the logging of activities was done. It explains what
qualitative and quantitative information that will be recorded and decide how it
should be documented.

In order to estimate the reengineering efforts, the migration process must be mea-
sured. The measurement approach is defined for how to thoroughly log everything.
The metrics that are used in the log is based on the cost models SIMPLE, InCoME
and COPLIMO, and their respective metrics which are described in Section 2.1.4.
More specifically, the metrics used in the measurement approach are based on the
different metrics from the cost models.

As aforementioned, we designed the measurement approach in collaboration with
the other thesis group, so that a conclusion could be drawn based on the compari-
son of the results. The actual strategy will be different, which means that activities
involved will differ as well. To circumvent this, we compared the effort that was
spent on each activity type, rather than the activities themselves.

A log entry contains information about the activity. Each activity has a unique
ID and a name in order to be able to identify it. An activity is also assigned to one
or several activity types, which enabled us to measure what efforts were spent in
different parts of the migration. These types were created in collaboration with the
other thesis group and our supervisor, since we wanted to have common types of
activities when comparing the cost of the two different SPL approaches. The types
are defined and explained below.
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o« SPLE training - Any activity that involves researching specific literature
of SPLE, including different approaches of SPLE, such as strategies to apply
annotative or compositional approach to transform an existing software system
into an SPL. Also includes learning different software programs that are used
to be used for the product line migration.

o Domain analysis - Identifying commonalities within variants and map it to
the domain level.

o Feature identification - Identifying functionality that could be classed as a
feature, i.e. Enemy.

« Diffing - Activity that revolves around finding differences in implementation
between clones.

o Architecture identification - Any activity that revolves around identifying
the architecture, i.e creating class diagrams.

o Feature location - Activities that relate to locating identified features in the
code.

o Feature modeling - Mapping all identified features into a feature model.

o Transformation - Any activity that has to do with code modification, for
example, annotating features in the code.

e Quality assurance - Activities such as running and testing games and game-
functionalities after each iteration are classified as quality assurance activities.

There is a date for when the activity was started and a date for when it was ended.
There is also a description of the activity, to get further understanding and infor-
mation about the activity, and also understand why it was performed.

COPLIMO and InCoME estimates effort in terms of person month [Boehm et al.,
2004; Nobrega et al., 2008]. The logging of activities will therefore be made each
person day at least, due to our limited time. Since an activity can take longer than
one person day to finish, the log for an activity will not be complete until the ac-
tivity is finished. This means that the log is updated in an iterative process, where
for example number of hours is incremented and other fields are filled in when ap-
propriate. This logging of duration is also based on InCoME where it takes into
consideration the start and end date of the investment, as well as the value of time
and money, in its calculation of SPL migration costs [N6brega et al., 2008].

Other data in a log entry consists of number of LOC and files that have been
added, removed or edited. This is based on COPLIMO that uses parameters such
as percent of code that has been modified and portion of software that must be
modified to work well [Boehm et al., 2004]. Metrics such as number of LOC can
help in trying to describe how large an activity is, as well as its complexity.

The logging template includes information about what tools that have been used
during the activity, e.g. Eclipse IDE. It also shows input and output artifacts for
an activity, where an input could be the source code and output is a class diagram.
The artifacts shows what has been used in order to perform the activity, as well as
what the activity produced.
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Lastly, each activity should have a description. In the description, qualitative data
about the complexity and importance of the activity is documented. In addition,
any dependencies to other activities are noted here. The final template for logging
activities along with an example is displayed below in Table 3.2.

INFORMATION
o Activity:
Activity ID:
o Activity type:
e Start date:
« End date:
e Description:
DATA
e Person hours spent:
e« Number of commits:
« LOC added:
« LOC removed:
« LOC modified:
e« Number of files added:
e« Number of files removed:
e« Number of files modified:
ARTIFACTS
e Input:
e Output:
e Tools used:
ACTIVITY DESCRIPTION
o Complexity:
« Importance:
« Dependencies on other activities:

Table 3.2: The logging template for the migration strategy activities

The logging template is divided into four types of data that are collected. The
information section contains metadata about the activity such as activity ID that
can be used to reference activities while studying their dependencies. It contains a
data section where we input quantitative data such as total hours spent and number
of LOC added. This section may differ from activity to activity as some activities
may not have any LOC modified. The artifacts type entails the input and output
of the activity, such as source code as input and feature model as an output, while
tools used could be FeatureIDE. Lastly, we provide the complexity and importance
of the activity along with its dependencies on other activities under the activity
description section.
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Table 3.3 lists different cost models factors that was used to define the measurements
included in our measurement approach.

Cost Model | Cost Model Factor Measurement
SIMPLE CSWdev - full cost of developing SPL Hours spent
InCoME SD - start date Start/End date
InCoME Y - investment cycle Start/End date
InCoME PM - person month Logging every day
COPLIMO PSIZE - effort and SPL development cost | Nr of Commits, Hours spent
COPLIMO SU - understandability of software Hours spent
COPLIMO CM - percent of code modified LOC and Files adfied,
removed and modified
. . LOC and Files added,
COPLIMO DM - percent of design modified removed and modified

Table 3.3: Table of cost model factors from the cost models linked together with
the measurements from our measurement approach

3.5 Migration Strategy

In this section, we outline our strategy for migrating the variants to an SPL. This
strategy is based on the commonly used activities described in Section 2.1.3.

3.5.1 Domain Analysis

A domain analysis is a crucial part of an SPL migration, especially when there is
no previous knowledge about the products, since it provides an overview of how the
products work and how they are structured [Kang et al., 1990].

The domain analysis was important in the early stage of the migration since each of
the domain analysis activities increased our understanding of the games and their
domain. A better view and understanding of the domain helped us perform the other
activities in the migration, since an understanding of the domain often is crucial in
order to perform an SPL migration.

3.5.1.1 Running and Testing the Games

As part of the domain analysis, each game was installed from Google Play and played
by both group members on an Android smartphone. This was done to gain a first
understanding of the functionalities of the games and to find some initial features.
The features that were found were documented and can be found in Section 4.1.1.

3.5.1.2 Building the Source Code

In addition to simply playing the games, an important step is to actually build
the source code to make sure that the games even work. Knowing how to build the

19




3. Methods

source code enabled us to verify the quality of the SPL during the process, as well as
after. We first tried to build the games in Eclipse, but after struggling with Android
development in Eclipse, we switched to Android Studio, and played the games on an
Android emulator. This proved to be a very time consuming task, since we had very
little previous experience in running old projects in Android Studio and Eclipse. It
was also quite tedious because all games uses a different version of the engine that
they run on, since they use different features. This results in us having to change
the library (.jar) files each time a different game is built.

3.5.1.3 Architecture Analysis

An important part of the domain analysis is to study the architecture of the games.
Using IntelliJ, we created a Java class diagram for each of the five games. The
class diagrams provide an overview of the structure of the games as well as how
different parts interact. As a complementary activity to the architecture analysis,
we performed a simple code analysis where we manually analysed the classes found
in the class diagrams. The code analysis provided further understanding of the
structure and architecture of the code. We studied the code for each game and paid
extra attention to classes that were unique to a certain game. This activity gave us
a good grasp of how the games had been implemented.

3.5.2 Locating Features

From the domain analysis we gained a broad understanding of the features of the
games and their structure. To gain a more intricate understanding, we had to go
deeper and analyze the code further by performing clone detection and pairwise
diffing between the games to find cloned code and features.

3.5.2.1 Clone Detection and Diffing

In addition to manually analysing code, there are several tools that can be used to
find cloned code. Both clone detection and diffing were used to identify and locate
features in the cloned code. Clone detection was done using CPD? (Copy/Paste
Detector), which is a simple command-line tool to perform clone detection. We se-
lected the whole Apo-Games folder with all games was selected to showcase cloned
code between the games. We only did this once and documented where we found
much cloned code, in addition to describing what the code implemented. We also
documented which games had the most similarities to each other, to help with the
transformation process.

Diffing was performed in a well-established tool called Meld3. Meld enabled us
to compare files with the same name, line by line, which makes it easy to spot
variations. Since Meld and similar tools compares file by file, we were forced to
rename most files in our source code so that Meld could compare them. An example
is ApoSnakeModel.java and ApoDiceModel.java which both have to be renamed to

2Finding duplicated code with CPD: https://pmd.github.io/latest/pmd_userdocs_cpd.html
3Meld: http://meldmerge.org/
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the same thing, such as ApoGameModel.java. We compared every game’s files to
all other games’ files and documented each case of similarity. We checked for cases
where all the code was similar, as well as cases where the code was dissimilar but
it contained the same methods and overall structure. We decided to include these
cases and annotate the differences in child features of the main feature. This process
made made it much more clear to us which games use similar assets and which ones
that do not.

In Figure 3.2 a snapshot can be seen showing a comparison between the menu
class files in ApoSnake and ApoDice in Meld. The code of ApoSnake is shown in
the upper half and the code of ApoDice is shown in the lower half. Code marked
with blue means that the code is nearly the same on these lines in both files, and
the difference between them is marked with a darker blue color. Code marked with
green implies that this line of code is missing in the other file. White, unmarked
code means that it is exactly the same code in both files.
@override

public void init() {
this.loadFonts();

this.getStringWidth () .put (ApoSnakeMsnu.QUIT, (int) (ApoSnakeMenu.font.getLength (Apoi=p
this.getStringWidth() .put (ApoSnakeMenu.PUZZLE, (int) (ApoSnakeMenu.font.getLength (2
this.getStringWidth() .put (ApoSnakeMenu.USERLEVELS, (int) (ApoSnakeMenu.font.getLeng
this.getStringWidth() .put (ApoSnakeMenu.EDITOR, (int) (ApoSnakeMenu.font.getLength (&

this.get3StringWidth() .put (ApoSnakeMenu.TITLE, (int) (BpoSmakeMenu.title font.getLen

this.
this

setUserlevels();
.setDifficulty(this.level);

-
}

public void onResums() {
this.loadFonts () ;
}
Goverride
public void init() {
this.loadFonts();

- this.getStringWidth() .put (ApoDiceMenu.QUIT, (int) (ApoDiceMenu.font.get!
this.getStringWidth() .put (ApoDiceMenu.PUZZLE, (int) (ApoDiceMenu.font.g
this.getStringWidth() .put (ApoDiceMenu.USERLEVELS, (int) (ApoDiceMenu.fo
this.getStringWidth() .put (ApoDiceMenu.EDITOR, (int) (ApoDiceMenu.font.g
this.getStringWidth () .put (ApoDiceMenu.TITLE, (int) (ApoDiceMenu.title £
this.setUserlevels();

}
public void onResums() {

this.loadFonts();
}

Figure 3.2: Comparison of ApoSnake and ApoDice in Meld

3.5.3 Feature Modeling and Antenna

The FeatureIDE plugin available in Eclipse was used to create a feature model. We
used Antenna as our composer in FeatureIDE to be able to create annotations in
the code by using #if-else directives.

To get familiar with how Antenna uses preprocessor directives to compose code, we
performed a straightforward migration of ApoDice and ApoSnake into a common
codebase with some feature annotations. We mainly annotated the logic algorithms
and the menus of the games, so that one of the games could be chosen with one of
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the menus. Since much of the code is similar for these games, they were easy to
integrate into a common codebase. Since some parts differed a lot, such as game
logic, we did not spend time annotating extracting code from there. The code snip-
pet below explains how Antenna uses the #if directive to include and exclude code
depending on feature configurations, in this case the Dice feature.

//#if Dice
<Dice code here>

//#elif Snake
//@<Snake code here>

//#endif

Figure 3.3: Antenna feature example

Once we were familiar with the tools, the other features from the feature model were
to be annotated. To do this, we had to go back and look at the results from previous
activities, which served as a detailed summary of all features identified so far.

3.5.4 Transformation

The overall goal of the transformation was to have all the games in a common code
base and to compile and run them. To do this, the transformation was performed
in several activities. The migration started with combining ApoDice and ApoSnake
into a common codebase using Meld and FeatureIDE. The goal of the initial migra-
tion was simply to get the games to run, so we did not focus on annotating many
features in this iteration. Once we were able to run both the games and configure
the menus, we started annotating more features in the code. These were features
such as the controls of the games and the option to enable or disable certain parts
of the games, e.g. the level editor. We created configuration files so that we could
quickly select all features of a game to build and run it.

When we were mostly finished with the migration of these two games, it was time
to migrate another game into the platform. ApoClock was the game that was most
similar to the already migrated games, so it was the next game to be integrated.
Worth noting is that even though the games look very similar, ApoClock uses a
different rendering engine compared to the other two in the SPL, which complicated
the migration process. This was evident by many methods being different in the
games. Meld was used once again, to compare the migrated code base with the code
of ApoClock, and the initial goal was simply to get all the games to run from the
common code base. When ApoClock could be compiled and run from the SPL, we
started annotating more features in the code, similarly to the first migration.

At this point, three out of five games had been migrated into the SPL. ApoMono
and MyTreasure, the games that were least similar to the other ones, were remain-
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ing. We chose to start with ApoMono, and migrated it into the SPL, using the same
method as before. When that iteration was finished, we migrated MyTreasure, the
final game, into the SPL. These two games could not be integrated as cleanly as
the other games could, due to the fact that they were quite different from the other
games. However, they share some similarities to each other, which meant that some
redundancy could be reduced.

3.5.5 Quality Assurance

During the migration of the games, a quality assurance process had to be undertaken
to maintain the quality of the games. The goal of this process is to make sure that
each of the games will still compile and run without any loss of functionality. This
can be done by using configuration files in FeatureIDE, in which the features of
a certain product are predefined. We created configurations for all games which
configured the base games, so that we easily could switch between the games. We
tested more configurations than the standard one, for all games. After each major
iteration of the transformation process, such as when a new game was integrated in
the SPL, or when a number of features have been annotated, the base configuration
of each game was selected so that they could be tested to maintain the quality of
the games.

3.5.6 Branding

To perform branding, certain parts of the games are supposed to be made more
similar, to make it obvious to a user that the games belong to the same brand. We
created a separate activity for branding, since we wanted to draw a conclusion of its
value to the transformation.

The branding was supposed to mainly be performed in the menus of the games.
The menus of ApoDice, ApoSnake and ApoClock were very similar from the start,
which meant that these menus could be replaced by one universal menu. This
makes it clear for a user that the games have something in common, and reduces
redundancy in the code. Other branding that we performed was to statically include
font selection in the games, so that all games can use any font from the other games.

We wanted to perform more substantial branding, specifically we wanted to en-
able an options menu in all games, where for example music could be dynamically
turned on or off. We spent a whole lot of time on this process and finally decided
to not continue, as we struggled with the many differences in the implementation of
the games.
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Results

This chapter is divided into three different sections; the activities performed during
the migration, the cost and characteristics of the migration activities and lastly
the comparison of the cost between our annotative approach and the compositional
approach. Each section relates to one of the research questions presented in Section
3.1.

4.1 Activities

This section relates to research question RQ1 - What activities should be performed
when migrating cloned variants into annotative product line? As described in Sec-
tion 3.5, several activities were performed to migrate the clones into an SPL. It has
been described how the activities were performed and why they should be a part
of the migration, while this section explains the result of each activity and how it
contributed to the SPL migration. The activities that were performed during the
migration are listed below, with activity name, activity ID and reference to the log
in Appendix A.

e A.1 - Running and testing the games

o A.2 - Architecture analysis

e A.3 - Code analysis

e A4 - Building and running games in Android Studio

o A.5 - Installing and learning FeatureIDE

e A.6 - Code diffing

o A.7 - Transformation: ApoSnake and ApoDice

o A.8 - Feature identification

e A9 - Transformation: ApoSnake, ApoDice and ApoClock
e A.10 - Transformation: ApoSnake, ApoDice, ApoClock and ApoMono
o A.11 - Font

e A.12 - Transformation: All games

e A.13 - Branding - Menu

e A.14 - General SPLE learning

o A.15 - Annotating features

A.16 - Quality assurance

List 4.1: List of performed activities

25



4. Results

4.1.1 Running and Testing the Games

While playing the games, we found many similarities between them and it was obvi-
ous that assets had been copied from game to game. The goal of this activity was to
discover an initial set of features that were recognizable from playing the games. In
other words, we wanted to perform feature identification using a top-down approach.
This worked well and we found features in all games which are described and listed
below.

In particular, we found that ApoClock, ApoDice and ApoSnake were similar to
each other, in addition to ApoMono and MyTreasure being similar to each other.
The most striking similarities were found in the menus, where most of the games
had the same look and feel, with only a color and style change difference. Another
similar feature is the Editor option where the player can create their own level of the
game and add it to the levels that are created by players. The editor itself differs
between the games since the elements used in the games are different. All of the
levels created by players can be found in another similar feature called Userlevels.
The user has the possibility to play all levels created by other players. The games
have different control systems. ApoClock and MyTreasure are controlled by press-
ing, while ApoDice is controlled by swiping. ApoSnake and ApoMono have special
move buttons for navigating. The games have different score systems. ApoClock’s
puzzle mode, ApoSnake and ApoDice and ApoMono are similar in that they have a
binary score system, in which the user either completes a level or not. ApoClock’s
arcade mode has a score counter that increases as the user survives. MyTreasure
is more unique system, where the user can get gold, silver or bronze on levels, de-
pending on how many moves they finished the level in. The first bullet list is a list
of features that are common to some games, and the other bullet list shows features
that are specific to certain games.
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All games
e Menu
« Editor
e Level chooser menu
o Userlevels
e Theme for menu and level chooser menu
o Controls for character
e Scoring
ApoClock - ApoDice - ApoSnake
« Same menu style
e Same grey canvas
« Editor
o Options - specific for ApoClock
ApoMono - MyTreasure
e Sound
e Music
MyTreasure
« Language option - specific for ApoMono

List 4.2: List of features we found by playing the games

4.1.2 Architecture Analysis

The goal of this activity was mainly to begin a feature location process, to see if
we could locate some of the features that we had already identified. In addition, we
wanted to gain a better understanding of how each game was structured. We feel
that this was successful overall but we were a bit misled by the similarities of the
class diagrams.

From the class diagrams, it is clear that the games have been developed using
a clone-and-own strategy, which is true according to the Apo-Games case study
[Kriiger et al., 2018]. Analysing them enabled us to easier see where certain features
are located and how they have been implemented. All the games have a model
which is an abstract class that contains most aspects of the games, including menus
and the actual game logic itself. The classes that are not connected to the model
are things such as buttons and other entities that are game specific and used by the
model classes.

As part of the code analysis performed along with the architecture analysis, it is
evident that the developer focused on reusing code as much as possible. An example
of this is that each game has buttons with a special style, but all buttons are cre-
ated using the general ApoButton class. Furthermore, ApoButton is an extension
of ApoEntity that provides basic functions for buttons.

The class diagram of ApoDice is shown below in Figure 4.1 as an example. The

abstract class ApoDiceModel has four subclasses connected to it. As mentioned
above, the number of classes connected to the model varies between the games, but
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all games have menu, game logic and editor connected to it.

c ApoEntity

T

< ApoButton

T

< ApolevelChooserButton |

€l 's ApoDiceModel

L
| |

€ ' ApoDicekditor

€ % ApoDiceMenu € ' ApoDicePuzzleGame € ' ApoDicePuzzleChooser

= ApoDiceComponent < ApoDiceEntity < ApoDiceUserlevelsLoad

T T

< ApoDicePanel < ApoDiceString

c ApoDiceConstants c ApoDicelserlevels c ApoDiceButtons

€ & ApoDiceSolve | € ‘= ApoDicelevel | € ' ApoDice |

Figure 4.1: Class diagram of ApoDice

4.1.3 Building the Games

All of the games were built in Android Studio and played on an Android emulator,
except for ApoSnake that could not be run for some unknown reason. We spent
several hours trying to find and solve the issue, but without success. ApoSnake
could never be tested in our SPL for this reason. An attempt was made to contact
the developer of Apo-Games to solve the issue, without any response.

4.1.4 Clone Detection and Diffing

Clone detection proved to be one of the more important bottom-up activities, since
we got detailed information about exactly which code had been cloned between
the games. Perhaps most importantly, it provided us information about where
features are located in the code. This activity was the starting point of the first
transformation we performed, since we were able to clearly see which games were
the most similar and therefore the easiest to integrate. Since the games mostly
share the same structure, it was easy to compare one class in one game to the
corresponding class in another game.
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4.1.5 Feature Modeling

The feature model can be seen as the result of all previous activities in which fea-
tures were identified. It was defined based on the discovered features that we have
listed in the previous activities. In total, we identified 59 features, including abstract
features that are not annotated in the code. Excluding the abstract features, there
are 42 implementable features.

The feature model contains features from all the games with each of the possible
variations to a feature. There are a few mandatory features in the feature model.
These are GameLogic, Menu (Theme), LevelGrid and Font. The reason for this
is that these will enable the core features of a game. The GameLogic feature is
the most robust feature, which contains most of the intricate algorithms that define
the games. Other features include the Editor, Userlevels and Options, which gives
the ability to remove these completely from the games. The Controls feature has
three different types of controls that are used in the games. The Music and Sound
features below Options can enable and disable these in the games that support it,
i.e. ApoMono and MyTreasure. There are some constraints defined in the feature
model. These are created to prevent configurations that will not work. An example
is that if the TreasureGameLogic feature is selected, the TreasureMenu needs to be
selected as well. Some features are hidden in the feature model, as shown by the
yellow triangle. These are features that we did not annotate, but we decided to keep
them in the feature model. All features are described in more detail in Appendix C.
The feature model can be found in Figures 4.2, 4.3 and 4.4. All features included in
each game are listed below.

ApoClock
e ApoMenu
« Editor
e Userlevels
e LevelGrid
e NextLevel
e Clock
o Grey
e Press
e Counter
e Nickname
o ClockLogic
e ApoFont

List 4.3: Features included in ApoClock
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ApoDice
« Editor
e Userlevels
o ApoMenu
e LevelGrid
e NextLevel
e Dice
o Grey
o Drag
e Moves
e DiceLogic
o ApoFont

List 4.4: Features included in ApoDice

ApoMono
« Editor
e Userlevels
e MonoMenu
o LevelGrid
e NextLevel
o MonoAvatar
o MonoObjects
e MonoCanvas
e MoveButtons
e MonoEffect
e MonoMusic
e German
» English
o MonoLogic
« MonoFont
o White
e Green

List 4.5: Features included in ApoMono
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ApoSnake
« Editor
e Userlevels
o ApoMenu
e LevelGrid
e NextLevel
e SnakeAvatar
o Grey
e MoveButtons
e Moves
» SnakeLogic
o ApoFont

List 4.6: Features included in ApoSnake

MyTreasure
« Editor
e Userlevels
e TreasureMenu
o LevelGrid
e NextLevel
o TreasureAvatar
e TreasureBox
o TreasureKey
e MonoCanvas
e Press
e Moves
o TreasureEffect
e TreasureMusic
o TreasureLogic
e TreasureFont

List 4.7: Features included in MyTreasure
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Figure 4.3: Second part of feature model of Apo-Games
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Figure 4.4: Third part of feature model of Apo-Games
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4.1.6 Transformation

The first transformation where we integrated ApoDice and ApoSnake reduced the
total LOC by 30.3% compared to the regular two games. We were able to success-
fully build both games in Android Studios and ApoDice could be played as before
the transformation.

The second transformation where we integrated ApoDice, ApoSnake and Apoclock
reduced the total LOC by 43.9% compared to the regular three games. All of the
games were successfully built in Android Studio and could be run and played as
before the transformation.

The third transformation reduced the total LOC by 38.4% compared to the reg-
ular code base of ApoDice, ApoSnake, ApoClock and ApoMono. As in the second
transformation, all games were successfully built and playable as before the trans-
formation.

The last transformation, which resulted in a common code base for all of the games,
reduced the total LOC by 32.7%. There was no problem with building, playing and
running the games after the final transformation. As mentioned, the total LOC were
reduced by 32.7% and the number of files were reduced by 74 files, down from 117
files to 43 files. The difference in LOC and number of files is showcased in Table
4.1.

Continuously throughout the transformation process, we annotated features from
the feature model into the SPL. In total, we annotated 27 features out of the 42 in
total.

The quality assurance process was performed after each iteration during the trans-
formation. It was a crucial activity to perform since it made sure that all games in
the SPL were in a playable state at all times.

Game LOC | Files
Before (All games) 27408 | 117
After (Common code base, ApoHybrid) | 18438 | 43
Difference 8970 | 74

Table 4.1: LOC and number of files before and after the transformation and the
difference between before and after the transformation
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4.1.7 Summary of Activities

To answer RQ1, the following list summarizes the activities that are needed to
perform an SPL migration:

e Studying the subject

e Domain analysis to understand the domain and find initial features
— Using products
— Architecture analysis

o Clone detection and diffing to find more features and their location

o Manual code analysis to locate features in code

o Creating a feature model

» Annotating the features as part of transformation

e Quality assurance

List 4.8: Activities needed to perform an SPL migration

4.2 Characteristics and Costs of Activities

This section relates to RQ2 - What are the characteristics and costs of the migration
activities? The total cost of the migration is calculated by summarizing the amount
of person hours (ph) spent on each activity. By summarizing activity Al to A16, we
get the total cost of 495ph. The total amount of person hours spent on each activity
type are listed below, together with all the activities included in each activity type.
Note that if an activity has several activity types, the time spent on that activity is
divided among the activity types.

The characteristics of the activities are basically a summary of the qualitative data
from the activity logs. General SPLE learning was a time-consuming but very impor-
tant activity. Reading was not the hard part, but rather finding relevant literature
on the subject. Running and testing the games was easy, fun and valuable for us,
but it did take some time to try them thoroughly and to identify potential features.

The architecture analysis was easy to perform, but it kind of tricked us into thinking
the games were more similar than they actually were, so we did not get too much
value from it except for general knowledge about the structure of the games’ code.
The code analysis we performed along with the architecture analysis was challenging
but very valuable. We analysed the classes we identified in the class diagrams and
learned more about how the games were built.

Building the games in Android Studio was at first very challenging, until we learned
how to configure the games correctly and how to include the BitsEngine library.
This activity was very important for us since we realized that ApoSnake was not
working at all. We wasted much time during this activity by trying to configure An-
droid development in Eclipse. Installing and learning FeatureIDE took some time
before we realized we needed an older version of Eclipse. Learning FeatureIDE was
crucial so that we could create a feature model and configure the games.
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o SPLE training: 90ph
— A5 - Installing and learning FeatureIDE. 10ph
— A14 - General SPLE learning. 80ph
e Domain analysis: 82ph
— Al - Running and testing the games. 15ph
— A2 - Architecture analysis. 5ph
— A3 - Manually analysing code. 15ph
— A4 - Building and running games in Android Studio. 40ph
— AS - Feature identification. 7ph
o Feature identification: 22ph
— Al - Running and testing the games. 15ph
— AS - Feature identification. 7ph
« Diffing: 40ph
— A6 - Code diffing. 40ph
o Architecture identification: 5ph
— A2 - Architecture analysis. 5ph
o Feature location: 7ph
— AS - Feature identification. 7ph
o Feature modeling: 10ph
— A5 - Installing and learning FeatureIDE. 10ph
o Transformation: 210ph
— AT - Transformation: ApoSnake and ApoDice. 25ph
— A9 - Transformation: ApoSnake, ApoDice and ApoClock. 15ph
— A10 - Transformation: ApoSnake, ApoDice, ApoClock and ApoMono.
20ph
— A1l - Branding: Font. 15ph
— A12 - Transformation: All games. 25ph
— A13 - Branding: Menu. 40ph
— A15 - Annotating features. 40ph
— A16 - Quality assurance. 30ph
e Quality assurance: 30ph
— A16 - Quality assurance. 30ph

List 4.9: List of all the activities and their cost in terms of person hours

Code diffing was one of the most important activities we performed, since it helped
us perform the actual migration. It was time-consuming to compare all games to
each other, but very necessary. Since the tools provided a straightforward interface,
they were not particularly hard to use. Many of the files had varying complexity,
since some files differed a lot from game to game.

The transformations were all quite challenging to perform, though the difficulty
varied from game to game. The first transformation was super easy compared to
the last ones, due to the similarities between ApoDice and ApoSnake. To make the
migration process easier, we needed to synchronize the code in Android Studio and
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Eclipse, a task which was not easy.

The branding activities were really challenging overall, except for the font branding.
The code for loading fonts was not too complex and there were only small differences
in how they were loaded in each game. The menu was hard and time-consuming
to perform, which is why we settled on combining the menu of only three games:
ApoDice, ApoSnake and ApoClock. It was hard because of the big difference be-
tween the standard menu and the menus used in ApoMono and MyTreasure. These
two menus had a complete different look to the other three and used a different
version of the BitsEngine library. The options menu was really hard to integrate
into the games that did not have it for the same reasons, which is why we decided
to not proceed with this task.

Annotating features is a crucial activity since the features form the basis of an
SPL. The activity was complex because the code that belongs to a feature was often
scattered in many places in the code. It was a time consuming activity for many
reasons, including the issue of annotation placement in a file. Another thing that
made it more time consuming was the messy and non-structured code we created.

The quality assurance activity was not overly complex, but it was very time con-
suming since we usually broke something in the code each time a transformation
was undertaken or after a few features were annotated. Building each game and
playing them to make sure everything worked as it should is crucial for this reason.
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4.3 Comparison of Annotative and Compositional

SPL

This section relates to RQ3 - How does the migration to an annotative product line

differ from the migration to a compositional product line?

Table 4.2 shows the

cost of the activities types for both the annotative approach and the compositional
approach. The total cost of each approach is shown at the bottom row of the table.
Note that if an activity has several activity types, the time spent on that activity is
equally divided among the activity types. The differences between the approaches

are discussed in Section 5.1.3.

Activity type

Annotative (ph)

Compositional (ph)

SPLE training 90 16
Data cleansing - 23,25
Domain analysis 82 18
Feature identification 22 22,25
Diffing 40 26
Architecture identification 5 2
Feature location 7 50
Feature modeling 10 7
Transformation 210 103,5
Quality assurance 30 103,5
Total amount of person hours (ph): 495 371,5

Table 4.2: Cost of annotative and compositional approach
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Table 4.3 shows which activities that were performed in each activity type, both for
the annotative approach and the compositional approach.

Activity types

Annotative

Compositional

SPLE Training

- Installing and learning FeatureIDE
- Code diffing
- General SPLE learning

-Reading about compositional SPL
-FeatureHouse research
-FeatureIDE research

Data cleansing

-Translating code comments
-Removing unused code

Domain analysis

-Running and testing the games
- Architecture analysis
- Manually analysing code
- Building and running games in Android Studio
- Feature identification

-Running games
-Mapping game features
-Creating feature model

Feature identification

-Running and testing the games
- Feature identification

-Running games
-Mapping game features
-Translating code comments

Diffing

-Code diffing

-Pairwise comparison of variants

Architecture identification

- Architecture analysis

-Reverse engineering of class diagrams

Feature location

- Feature identification

-Reverse engineering of class diagrams
-Finding features in source code
-Pairwise comparison of variants

Feature modeling

- Installing and learning FeatureIDE

-Creating a feature model

Transformation

- Transformation: ApoSnake and ApoDice
- Transformation: ApoSnake, ApoDice and ApoClock

- Branding: Font
- Transformation: All games
- Branding: Menu- Annotating features
- Quality assurance

- Transformation: ApoSnake, ApoDice, ApoClock and ApoMono

-Transforming source code to feature

Quality assurance

- Quality assurance

-Transforming source code to feature

Table 4.3: Activities performed in each activity type for both the annotative ap-
proach and the compostional approach
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Discussion

This chapter discusses the research questions, challenges we faced during the thesis,
different threats to validity and limitations.

5.1 Research Questions

Each research question is discussed in its own section. The discussion focuses on
what was good and bad, easy and difficult and also what we learned from this. We
also discuss what could be improved and the reason of the outcome.

5.1.1 RQ1 - Activities

The bullet list in Section 4.1.7 describes a summary of the activities that we feel are
necessary to perform an annotative SPL migration. Overall, most activities worked
well and were beneficial to the migration, and we feel that our strategy of trans-
forming one game at a time into the SPL was successful. Our process resulted in
a simple SPL with sufficient functionality. An alternative process could have been
to locate a feature in all games, then annotate it directly based on all games and
include it into the SPL. We decided not to pursue this process as we thought it
would be too complex with our experience and considering our time frame.

Our process would have worked even better if the games were more similar to each
other. We learned during the process that annotating features has to be done care-
fully in order to not make the code a mess. During our initial transformation where
we focused mainly on integrating all games into the SPL, we found that the code got
messy quickly. This was something that we tackled continuously during the process,
trying to increase readability and structure of the code.

In our case, the architecture analysis was probably the least beneficial out of the
listed activities, because it made us think that the games would be more similar
than they were. In addition, we never really analysed the class diagrams more than
once because we did not feel the need. The branding activities we performed were
not completely necessary to the actual migration, and we felt that we spent too
much time on them. In hindsight, we should have just focused on integrating the
three similar menus and then stopping. Integrating the three menus into the same
one made sense for a transformation as we managed to reduce redundancy by a lot.
However, the time we spent on other could have been spent on annotating other fea-
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tures. Another activity that we spent an unnecessary amount of time on was when
we tried building the games, since we first tried to get them working in Eclipse. The
only things that could have helped this activity would be to have more previous
experience in either Android Studio or Eclipse, or getting help from the developer
of the games. Something else that we found challenging, mainly in the beginning of
the project, was that we had a hard time understanding exactly what a feature is.
This made the feature identification process challenging, but we found that we got
better at it during the migration.

The activity that was of most use during the migration was the code diffing, since
it enabled us to see differences in the code line for line. It was a time consuming
activity since we had to go through a lot of different files. Learning how to use
FeaturelDE was very important for the overall success of the migration. We created
the feature model and used the preprocessor, Antenna, in FeatureIDE which both
were important for the migration. The basics of the tools were easy to learn and
created a lot of value for the migration. Another activity that contributed a lot to
the success of the thesis was the background study on the SPLE field. This was a
crucial part in the beginning of the thesis in order to get a good understanding of
the subject and to help us get started with the process.

5.1.2 RQ2 - Cost and Characteristics of Activities

We spent a lot of time studying the SPLE literature, which was time we could have
spent on other activities if we had more experience. This stands true for all activi-
ties, since we had very little experience using most of the tools and techniques that
we applied. SPL migrations are often performed by people who have been a part of
the development of the products. If we had developed these games, we would have
immensely more knowledge on the features in these games, in addition to having
great knowledge of the code. We would have more domain knowledge which would
have reduced the time spent on the domain analysis.

We found that it was very hard to classify everything we did as an activity. An
example of this is the feature location activity type, which only has 7 hours. This
is not an easy task to perform and we definitely spent more than 7 hours in total
on it. The issue is that we performed feature location activities during our other
activities, such as when we manually analysed the code and when we performed
clone detection and diffing. These activities were categorized to their own activity
types. The overall issue was therefore that the activities blended into each other too
much, which made them hard to log separately.

Lack of planning is another factor which increased the time it took to perform
certain activities, mainly the annotation of features in the code. We did not really
have any plan at first on how we were to perform this, so we tackled it without
any real structure in mind. The outcome of this was poorly annotated features in
terms of structure and readability. This leads to a less manageable SPL which could
increase maintainability efforts.

40



5. Discussion

As for the cost models, we only used the person hour metric to measure the cost of
the SPL migration. When we designed the measurement approach, we thought that
we would have more use of the other metrics, but we found it hard to quantify a
cost based on them. An interesting metric in our measurement approach is the code
changed metric, which we would have gotten more use out of if we did not have the
issue with git, where we had a hard time tracking our changes. For these reasons,
the cost models were not as useful to us as we had hoped from the beginning. We
also did more thorough background research of cost models than necessary. We
thought that the equations and metrics would be used more in our cost estimation
than they were.

5.1.3 RQ3 - Comparison of Annotative and Compositional
Approach

The comparison of the two approaches can be found in Table 4.2. There are some
big differences that we aim to explain and discuss in this section. The biggest dif-
ferences are found in the activity types SPLE training, Data cleansing, Domain
analysis, Feature location, Transformation and finally Quality assurance.

We met with the other group and discussed what could have caused the discrepancies
between the results. Since we did not know how they had worked and logged their
work, it was crucial to meet and get an understanding of the differences between
our work. As seen in Table 4.2, our approach took almost 125 person hours more
to perform compared to the compositional approach. This was apparently caused
by several different reasons. In some cases, it did not make sense to categorize an
activity as only one activity type and for this reason it was not evident how much
time we spent on each activity type. An example being the activity where we ran
the games, which was part of the domain analysis activity type but also the feature
identification type. In these cases we split the time we spent on the activity evenly
between the two (or more) types.

The difference in the SPLE training activity type is caused by the fact that the
compositional group did not log their time spent on reading literature before per-
forming the transformation, as they did not see it as an activity that belonged to
the migration. The activity type Data cleansing was not used in our annotative
approach, since it was not a prioritization for us to for example translate German
code comments. We spent a lot more time performing domain analysis, where the
biggest difference was caused by the issues we had with Eclipse, Android Studio and
ApoSnake. We spent a lot of time trying to get Android development working in
Eclipse, as we did not want to use both Eclipse and Android Studio. After some
time we gave up on using Eclipse for that purpose but we still had a lot of issues
configuring and building the games in Android Studio. We could get all games to
run except for ApoSnake, which we spent a lot of time trying to fix. In total, we
spent several days on these things, which explains the difference between our logs.
In Section 5.1.2 we discussed why we had only logged 7 hours on the Feature location
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activity type. The reason was that feature location was tied to a lot of the other
activities we performed, such as the clone detection and diffing activities. This was
not only an issue with the Feature location type, but it was most evident on that one.

One big difference was the time we logged on Transformation. We discussed this dif-
ference during our meeting and found several reasons for this difference. One reason
is that they did not specify a quality assurance activity, instead they categorized
their transformation activity as both Transformation and Quality assurance. This
means that they split the total cost of their transformation on these two activity
types. While they did spend a lot of time performing quality assurance, they actually
spent more time performing the actual transformation than on quality assurance.
The time could have been more accurately divided if they had made more activities
separating transformation and quality assurance. In addition, they explained that
they did not log as much time as they should have for many of the activities, because
their intention was to create more sub-activities and log the time more accurately,
but they never did. Some of the time we spent on Branding was not important to
the actual transformation, which explains some of the difference. In addition, since
we performed our quality assurance throughout the transformation, we categorized
quality assurance as Transformation as well, which added 30 hours to that activity

type.

There was also a big difference in the Quality assurance activity type. As men-
tioned earlier, we categorized our quality assurance as two types, which meant that
we divided the time spent between the types. They did something similar, as ex-
plained in the last paragraph, where they did not have a separate quality assurance
activity. This meant that half of the time they spent on the transformation is
categorized as Quality assurance. However, these logging issues are not the only
reasons, they did say that they had a hard time performing quality assurance, due
to the complexity of the compositional approach. The overall conclusion is that they
spent more time than us on quality assurance, but not as much as the table suggests.

The comparison table suggests that our approach is much more time consuming,
but as discussed above this is not necessarily true. Ideally, we could have used more
metrics than time when comparing the two approaches. We implemented a similar
amount of features during our migrations. We initially wanted to compare the code
changed metrics, but this was not feasible due to our issues with git.

Overall, we think that the slightly better approach is the annotative approach,
especially with limited SPLE experience. This is mainly because of the lower cost
of entry and the reduced effort spent on quality assurance. While we had some is-
sues with code readability, we think that they had more issues with the complexity
of the composition-based approach. Once again, this would probably be mitigated
with more experience. If there were more games to integrate into the SPL, the
composition-based approach might be better suited for the task. The biggest reason
for this is the improved structure and maintainability of the compositional approach
in the long run. At the very least, we would recommend starting out with an anno-
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tative approach and later transition into a compositional approach if more variants
are needed or if maintainability becomes an issue.

5.2 Challenges

This section presents some challenges that we faced during the migration process.
The challenges are not listed in any particular order.

One challenge we faced during the migration was that our activities often blended
into each other, which made it hard to accurately log them. We faced the same
issue when trying to categorize the activities into activity types, as many activities
fall under different types. This in turn made it challenging to compare our results
to the compositional approach.

An interesting challenge was that when we analysed the architecture of the games,
we thought that the games would be more similar than they were. Even though two
games used pretty much exactly the same classes and many of the same methods in
each class, the implementation could differ quite a lot. The reason for the different
implementations was mainly that the games used different versions of the same game
engine. As an example, ApoDice and ApoClock had the exact same look and feel,
but they used different rendering techniques, which hindered variability.

Another major challenge we faced was the branding of the games. Initially, we
wanted to create a universal options menu for all the games in addition to a uni-
versal menu. This proved to be much harder than we initially thought, since the
games were fundamentally different in their implementation of these views. This
meant that we had to write a lot of code from scratch, since there was not much we
could reuse from the other games. In the end, what we did with regards to branding
was only to combine the menus from the three games where the menus were alike,
i.e., ApoSnake, ApoDice and ApoClock. This reduced a lot of redundancy in the
code, but ideally we would have wanted to perform additional branding. Due to
time constraints we decided to not continue the branding activity and instead focus
on adding new or improving existing feature annotations. Had we spent less time
on branding, we think that the overall quality of the SPL would be higher.

This point builds upon the last point made. It was often very hard to know whether
it was worth trying to extract a certain feature from several games, if the imple-
mentation of this feature was widely different in the different games. Does it really
make sense to build a common code base if the code is drastically different? We
were not sure about this. For it to be worth migrating to an SPL, we feel that the
products need to be more similar to each other than they were with these games.

An issue we faced regarding git commits was that whenever we committed code,
we had most likely changed configuration file in FeatureIDE. Sometimes this meant
that thousands of lines of code had been changed since the last commit, which
cluttered the code that we had actually changed. This made it hard to track the
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changes that had been made in a specific commit. We fixed this issue after a while
by creating a configuration file specifically for committing code. This meant that
only the code that we actually changed was recorded with git.

The readability became worse when we merged the the files into one code base.
Many methods in the code became long and messy after the merge, due to the need
of keeping functionality from the different games within the same method. Some
methods had several annotations from the different games, which made the method
hard to read. This issue could have been avoided by keeping the whole method from
each game, but that would lead to a lot of duplicated code in the common code base.

The SPLE tool we found most useful during the migration was FeatureIDE, which
has been described in detail. We tried using BUT4Reuse during the feature location
process, but we did not find the commonality analysis any better than the clone de-
tection we performed using CPD. We wanted to try other tools that we had studied
in the literature, but we decided not to spend time on trying to learn these tools,
as much literature pointed to flaws in the automatic tools. If we had other artefacts
in addition to source code, such as requirements or other documents, we could have
gotten more use out of the SPLE tools. Overall, we did not get much use out of the
classic SPLE tools, and it was hard for us to know when it would be worth trying
to apply them to an activity.

Without a clear stakeholder in the project, it was hard for us to know which fea-
tures to prioritize during the migration. In a real migration, requirements from a
customer would be clear and it would be more obvious which features to implement.
In our case, the goal was mostly to reduce the redundancy but we had a hard time
knowing what to spend time on.

5.3 Threat to Validity

One threat to internal validity is the fact that all logging was done by ourselves,
which can make it hard to ensure that the logging is performed correctly. To negate
this threat, we made sure to perform logging each day to keep ourselves honest. In
addition to the activity logs in Appendix A, we used a spreadsheet to log day-to-day
which activities we worked on and on which games. The purpose of this was to en-
sure that we continuously logged our time. We looked into using a tool for logging
the time spent in an IDE, such as WakaTime!. By using this tool we could log the
time spent in Eclipse and Android Studio. Since several activities were performed
within these programs, there was no way to fairly distribute the time spent on each
activity. Therefore, we did not see any value in using a tool like this.

A lot of the theory and tools that we used, such as SPLE and Featurel DE, were new
to us. We had no previous experience working with some of the tools and little or
no knowledge about some of the theory subjects, which increased the time it took

'WakaTime: https://wakatime.com/
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to understand the subject as well as the tools. It is an important part of the thesis
to correctly understand the theory and the tools that were used, in order to perform
a successful migration.

It is hard to classify everything that is done as an activity. As an example, we spent
a few days worth of time trying to get Android development working in Eclipse, so
that we did not have to use Android Studio as well. We did not classify this as an
activity since it was not part of the actual migration, but it would have been nice
to see exactly how our time was spent.

An external threat was the fact that the source code for the games had more vari-
ation than we first thought, as mentioned earlier. This was obviously out of our
control but we tried to do our best with what we had. Ideally, the SPL would con-
sist only of the three games ApoSnake, ApoDice and ApoMono. However, if there
only were three games in total it might have not made any sense to migrate them
to an SPL.

Another external threat was the limited size of the applications. With a larger
code base our findings might have been different, which can make it harder to gen-
eralize our findings. We do believe that most of the activities that we performed
would be used in a migration of larger applications. However, the transformation
and domain analysis activities would take more time to perform with a larger code
base. In addition, we believe that many of the challenges we faced would be faced
in a larger migration as well.

5.4 Limitations

The biggest limiting factor for this thesis was the lack of experience in the SPL area,
as well as with the Apo-Games. With more knowledge on the subject, we would
have spent less time on researching background and more time on the migration
process. If we had previous experience with the games, the whole migration process
would have been easier to perform.

The fact that the thesis was executed during a time span of about 20 weeks makes
time a limitation. With more time to use, more activities and a more thorough
analysis could have been performed. As mentioned earlier, having more experience
on the subject in general would allow us to achieve more during the time frame.
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Conclusion

Annotative SPLs are good for migrating smaller cloned variants with limited experi-
ence. We were able to get started with the migration fairly quickly and got at least
the basics working without encountering too many issues. It does not necessarily
lead to a clean and structured code base, but it does work sufficiently.

We feel that our migration was decently successful, as it most importantly retained
all functionality that was in the games from the start. In addition, some interesting
variations of the games could be created using our SPL. The main functionality
that can be modified is the different activities that are present in the games, such
as Editor, Userlevels and Options. These can be enabled or disabled according to
specification. In total, we annotated 28 features which is not as many as we hoped
from the beginning. One thing worth noting is that we had more features annotated
at one point that we removed as we performed the branding, with the purpose of
reducing redundancy. One thing that we feel are missing from our SPL is the varia-
tion in game logic. We wanted to do more with the game logic but with our limited
knowledge and the big differences between the games, we did not find it worth to
spend time on that.

Most of the activities that we performed during the migration contributed posi-
tively to the result of the SPL, some more than others. Note that the activities
that we performed are not the only way to perform an extractive SPL migration,
but rather a list of activities that worked well for us. Every SPL migration will be
different with regards to the domain, previous experience and other factors which
influences the impact of a given activity. This implies that the challenges we faced
during the different activities also will differ in other migrations.

Most of the activities that we performed during the migration were manageable.
We could, even without any previous experience with SPLs, perform the activities
with an acceptable result. The activities had different levels of impact on the SPL
and the final result. It was hard for us to know in advance what impact an activ-
ity would have on the SPL, which made it necessary for us to perform an activity
if we believed that it would have any positive impact on the SPL and the result.
The transformation activities were the most time-consuming and most error-prone
activities, which is why we relied heavily on the quality assurance activity to ensure
that the games we generated retained their functionality.

The conclusion that we can draw between our approach and the compositional ap-
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proach is that many of the same activities are performed. Both approaches found
code diffing to be the most powerful activity to find variation between the games.
The biggest difference was the amount of time spent assuring the quality of the
games. The biggest reason for this was the challenge of logging the activities. Both
approaches could have logged activities in a more fine-grained manner to see exactly
where time was spent, but that could potentially make it harder to compare the
results. To gain more out of the comparison, we discussed our findings between
groups which was of great value to us. Overall, both groups agreed that an anno-
tative approach might be easier better to start with, mostly due to the lower cost
of entry. With enough planning, structure and experience, it might make sense to
transition into a compositional SPL which should be easier to maintain compared
to an annotation-based one.

With regards to future work, this case study could be repeated again with simi-
lar results by using the same games to perform a migration on. The results of our
SPL can be improved upon by spending more time on identifying features in the
games’ logic algorithms. By doing this, maybe the game logic of the games could
be merged better and decrease the amount of code that are used for the game logic
of all the games.

More time can be spent on branding activities which can improve the overall quality
of the games. A lot of things could be branded, for example having language and
sound options in all the games. There could also be branding to have a common
theme in the menus for all the games. It would feel more like the games are part
of the same SPL if more branding was done, since the games would then look more
similar to each other.
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Activities

INFORMATION
o Activity: Running and testing the games
o Activity ID: Al
o Activity type: Domain analysis
o Start date: 2019-02-18
o End date: 2019-02-27
e Description: Installed via Google Play and played each game for a while, to
find out how they work as well as to find similarities between the games.
DATA
e Person hours spent: 30
o Number of commits: N/A
« LOC added: N/A
« LOC removed: N/A
« LOC modified: N/A
o Number of files added: N/A
« Number of files removed: N/A
o Number of files modified: N/A
ARTIFACTS
o Input: Mobile application and source code.
e Output: Understanding of the games, what different features there might be
and similarities between the different games.
e Tools used: Smartphone with Android OS, Android Studio
ACTIVITY DESCRIPTION
o Complexity: Easy to install and run the games on the phones.
e Importance: Important to understand what the game is about and how it
works. Also gives us a first set of features to work with.
« Dependencies on other activities: None

Table A.1: Log of activity Al



A. Activities

INFORMATION

o Activity: Architecture analysis

o Activity ID: A2

o Activity type: Domain analysis, architecture identification

o Start date: 2019-02-21

o End date: 2019-02-26

o Description: IntelliJ was used to create Java class diagrams for each of the
games. This is to get an architectural overview of the components of the
games.

DATA

o Person hours spent: 10

o Number of commits: N/A

« LOC added: N/A

« LOC removed: N/A

« LOC modified: N/A

o Number of files added: N/A

o Number of files removed: N/A

o Number of files modified: N/A

ARTIFACTS

o Input: Source code

e Output: Class diagram

« Tools used: IntelliJ IDE

ACTIVITY DESCRIPTION

o Complexity: Creating the diagrams is a bit time consuming, but nothing
difficult. The hard part is understanding the diagrams and comparing them
to the other ones.

o Importance: Class diagrams are highly useful in that we can see how each
of the games are built. We can see the classes and the dependencies between
classes.

« Dependencies on other activities: None

Table A.2: Log of activity A2
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INFORMATION

Activity: Manually analysing code

Activity ID: A3

Activity type: Domain analysis

Start date: 2019-02-25

End date: 2019-02-27

Description: While performing A2, we wanted a better understanding of the
code which meant we had to manually look at it.

DATA

Person hours spent: 15
Number of commits: N/A
LOC added: N/A

LOC removed: N/A

LOC modified: N/A

Number of files added: N/A
Number of files removed: N/A
Number of files modified: N/A

ARTIFACTS

Input: Source code
Output: Deeper understanding of the domain.
Tools used: IntelliJ IDE, Sublime Text, Visual Studio Code.

ACTIVITY DESCRIPTION

Complexity: Challenging to begin with, but not too hard to understand how
the games are built with the help of class diagrams.

Importance: Very important. The code needs to be understood to be able
to locate and extract features.

Dependencies on other activities: A2

Table A.3: Log of activity A3
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INFORMATION

Activity: Building and running games in Android Studio

Activity ID: A4

Activity type: Domain analysis

Start date: 2019-02-26

End date: 2019-03-01

Description: To be able to verify that the product line works at the end of
the thesis, we have to make sure that all the games can be built and run on
an emulator in Android Studio or Eclipse. In the end, we managed to build
only in Android Studio and not in Eclipse.

DATA

Person hours spent: 40
Number of commits: N/A
LOC added: N/A

LOC removed: N/A

LOC modified: N/A

Number of files added: N/A
Number of files removed: N/A
Number of files modified: N/A

ARTIFACTS

e Input: Source code
e Output: Game running in emulator
e Tools used: Android Studio and Eclipse

ACTIVITY DESCRIPTION

o Complexity: Since we had no documentation of how to build the games, and

no previous experience in importing old projects into Android Studio/Eclipse,
this activity was hard and time consuming. First we tried to use Android
Studio but we couldn’t get it to work, then we went to Eclipse but that was
even worse since Android programming in Eclipse is no longer supported. Then
we went back to Android Studio and figured it out.

Importance: Very important, since we will have to build the games after we
have completed the migration.

« Dependencies on other activities: None

Table A.4: Log of activity A4
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INFORMATION

Activity: Installing and learning FeatureIDE

Activity ID: A5

Activity type: SPLE training, feature modeling

Start date: 2019-02-28

End date: 2019-03-04

Description: Installing FeatureIDE and figuring out how it works. Creating
a small project to learn.

DATA

Person hours spent: 20
Number of commits: N/A
LOC added: N/A

LOC removed: N/A

LOC modified: N/A

Number of files added: N/A
Number of files removed: N/A
Number of files modified: N/A

ARTIFACTS

Input: Source code
Output: Feature model
Tools used: Eclipse, FeatureIDE - Antenna

ACTIVITY DESCRIPTION

Complexity: Not too complex, it took a while to install since we needed to
downgrade to an older Eclipse version.

Importance: Very important since we will build our feature models and
configure the games in FeaturelDE.

Dependencies on other activities: None

Table A.5: Log of activity A5



A. Activities

INFORMATION
o Activity: Code diffing
o Activity ID: A6
o Activity type: Diffing, SPLE training
o Start date: 2019-03-05
o End date: 2019-03-08
e Description: Diffing was performed using Meld to find similarities between
the games. Each game was compared to all other games and the results can
be found in the table on the next page.
DATA
o Person hours spent: 40
o Number of commits: N/A
« LOC added: N/A
« LOC removed: N/A
« LOC modified: N/A
o Number of files added: N/A
o Number of files removed: N/A
o Number of files modified: N/A
ARTIFACTS
o Input: Source code
e Output: Similar classes that might be features
o Tools used: Meld
ACTIVITY DESCRIPTION
o Complexity: While not too complex, the tough thing about diffing is deciding
whether or not two classes are similar. Since all files are different in some way,
it’s tough to draw a line on what is similar and what is not.
o Importance: Diffing and/or clone detection is important since it is a way to
find features in cloned variants, since they are often cloned between products.
e Dependencies on other activities: None

Table A.6: Log of activity A6
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INFORMATION
o Activity: Transformation: ApoSnake and ApoDice
o Activity ID: A7
e Activity type: Transformation
o Start date: 2019-03-08
o End date: 2019-03-13
o Description: As a first transformation test, we performed a simple transfor-
mation with the games that we found most similar in A6, which were ApoSnake
and ApoDice. We transformed the games into a common platform with a sim-
ple feature model where either game can be chosen, along with a menu theme
from either of the games.
DATA
e Person hours spent: 25
e« Number of commits: 3
« LOC added:
o« LOC removed: 2250
« LOC modified:
o Number of files added: N/A
e Number of files removed: 19
e Number of files modified: 19
ARTIFACTS
o Input: Source code from two different games, ApoDice and ApoSnake
e Output: A combined source code for both games and a feature model
o Tools used: Meld, Eclipse, FeatureIDE - Antenna, Android Studio
ACTIVITY DESCRIPTION
o Complexity: Medium complexity, since it was the first time we performed a
transformation. It was tough to work in Eclipse and Android Studio, since we
had lots of problem syncing the code before me managed to link it.
o Importance: Very important. This is the first step in making the transfor-
mation.
« Dependencies on other activities: A4, A5 A6

Table A.7: Log of activity A7
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INFORMATION

Activity: Feature identification

Activity ID: A8

Activity type: Feature location, domain analysis, feature identification
Start date: 2019-03-11

End date: 2019-03-14

Description: Following the diffing process, further feature identification has
to be done to be able to create an extensive feature model.

DATA

Person hours spent: 20
Number of commits: N/A
LOC added: N/A

LOC removed: N/A

LOC modified: N/A

Number of files added: N/A
Number of files removed: N/A
Number of files modified: N/A

ARTIFACTS

Input: Source code, games, class diagrams, diffing.
Output: Common and unique features of the games.
Tools used: Meld, Eclipse, Android Studio

ACTIVITY DESCRIPTION

Complexity: High complexity.

Importance: Very important to identify the different features in order to
create a complete feature model.

Dependencies on other activities: A1, A2, A3, A6

Table A.8: Log of activity A8

VIII



A. Activities

INFORMATION
o Activity: Transformation: ApoSnake, ApoDice and ApoClock
o Activity ID: A9
e Activity type: Transformation
o Start date: 2019-03-26
o End date: 2019-03-29
o Description: As a first transformation test, we performed a simple transfor-
mation with the games that we found most similar in A6, which were ApoSnake
and ApoDice. We transformed the games into a common platform with a sim-
ple feature model where either game can be chosen, along with a menu theme
from either of the games.
DATA
e Person hours spent: 15
e Number of commits: 4
« LOC added:
e LOC removed: 5447
« LOC modified:
e« Number of files added: 11
o Number of files removed: 38
e Number of files modified: 19
ARTIFACTS
o Input: Source code from three different games, ApoDice, ApoSnake and
ApoClock
e Output: A combined source code for the three different games and a feature
model
o Tools used: Meld, Eclipse, FeatureIDE - Antenna, Android Studio
ACTIVITY DESCRIPTION
o Complexity: Medium complexity, since it was the first time we performed a
transformation. It was tough to work in Eclipse and Android Studio, since we
had lots of problem syncing the code before me managed to link it.
o Importance: Very important. This is the first step in making the transfor-
mation.
o Dependencies on other activities: A4, A5, A6

Table A.9: Log of activity A9
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A. Activities

INFORMATION
o Activity: Transformation: ApoSnake, ApoDice, ApoClock and ApoMono
o Activity ID: A10
e Activity type: Transformation
o Start date: 2019-04-08
« End date: 2019-03-12
o Description: Merged the game ApoMono into the common code base Apo-
Hybrid.
DATA
o Person hours spent: 20
e Number of commits: 4
« LOC added:
« LOC removed: 7770
« LOC modified:
e« Number of files added: 6
e« Number of files removed: 18
e« Number of files modified: 18
ARTIFACTS
o Input: Source code from four different games, ApoDice, ApoSnake, ApoClock
and ApoMono
e Output: A combined source code for the four games that were merged
o Tools used: Meld, Eclipse, FeatureIDE - Antenna, Android Studio
ACTIVITY DESCRIPTION
o Complexity:
o Importance:
o Dependencies on other activities: A4, A5 A6, A7, A8, A9

Table A.10: Log of activity A10



A. Activities

INFORMATION
e Activity: Branding - Font
e Activity ID: All
e Activity type: Transformation
o Start date: 2019-04-12
o End date: 2019-04-17
o Description: Adds ability to change the font in all of the games to the fonts
of the other games
DATA
o Person hours spent: 15
e Number of commits: 2
« LOC added: 100
« LOC removed: 40
« LOC modified:
e Number of files added: 0
e« Number of files removed: 0
e« Number of files modified: 3
ARTIFACTS
o Input: Source code, font files
e Output: Source code
o Tools used: Android Studio
ACTIVITY DESCRIPTION
o Complexity: Medium, since the games handles fonts in different ways.
o Importance: Decently important for branding purposes.
o Dependencies on other activities:

Table A.11: Log of activity A1l
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A. Activities

INFORMATION
o Activity: Transformation: All games
o Activity ID: A12
o Activity type: Transformation
o Start date: 2019-04-15
« End date: 2019-03-
e Description:
DATA
e Person hours spent: 25
e Number of commits: 4
« LOC added:
e LOC removed: 8970
« LOC modified:
o Number of files added: 7
e Number of files removed: 20
e« Number of files modified: 20
ARTIFACTS
e Input: Source code from all different games, ApoDice, ApoSnake, ApoClock,
ApoMono and MyTreasure
e Output: A combined source code for all games and a feature model
o Tools used: Meld, Eclipse, FeatureIDE - Antenna, Android Studio
ACTIVITY DESCRIPTION
o Complexity: High, since MyTreasure is the most different game to all other
games. This meant that we could not integrate as much as we would like into
the existing code base.
o Importance: Important, since we needed to include all games in the SPL.
« Dependencies on other activities: A4, A5, A6, A7, A8, A9, A10

Table A.12: Log of activity A12
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A. Activities

INFORMATION
o Activity: Branding - Menu
o Activity ID: A13
e Activity type: Transformation
o Start date: 2019-04-18
o End date: 2019-03-23
e Description: Create a universal menu for all games except MyTreasure and
ApoMono which have their own unique menus. Mostly for branding purposes
but also to reduce redundancy in code.
DATA
o Person hours spent: 40
e Number of commits: 5
« LOC added: 270
e LOC removed: 350
« LOC modified: 50
e Number of files added: 0
e« Number of files removed: 0
e« Number of files modified: 4
ARTIFACTS
o Input: Source code from ApoSnake, ApoDice and ApoClock
e Output: Source code
o Tools used: Eclipse, FeatureIDE, Android Studio
ACTIVITY DESCRIPTION
o Complexity: Quite challenging, mostly because ApoClock’s menu is different
from Snake and Dice and they use different rendering technologies.
o Importance: Decently important for branding purposes and to reduce re-
dundancy in code.
« Dependencies on other activities: A12

Table A.13: Log of activity A13
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A. Activities

INFORMATION
o Activity: General SPLE learning
o Activity ID: Al4
o Activity type: SPLE training
o Start date: 2019-02-11
o End date: 2019-02-26
e Description: Studying the subject, which includes all literature based on the
SPLE topic as well as information from a course on the subject.
DATA
o Person hours spent: 80
o Number of commits: N/A
« LOC added: N/A
« LOC removed: N/A
« LOC modified: N/A
o Number of files added: N/A
o Number of files removed: N/A
o Number of files modified: N/A
ARTIFACTS
o Input: Literature, lecture slides
o Output: General SPLE knowledge
« Tools used: N/A
ACTIVITY DESCRIPTION
o Complexity: Not too hard, but time consuming to read and understand.
o Importance: Very important to understand the subject which is the founda-
tion of the thesis.
« Dependencies on other activities: N/A

Table A.14: Log of activity A14
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A. Activities

INFORMATION
o Activity: Annotating features
o Activity ID: A15
e Activity type: Transformation
o Start date: 2019-03-07
o End date: 2019-05-03
e Description: Transforming source code into annotated features. Note that
the branding activities could have been included in this activity.
DATA
o Person hours spent: 40
e Number of commits: 24
« LOC added: 80
« LOC removed: 60
o LOC modified: 110
o Number of files added: N/A
o Number of files removed: N/A
e Number of files modified: 5
ARTIFACTS
o Input: Source code
e Output: Source code
o Tools used: FeatureIDE, Android Studio, Eclipse
ACTIVITY DESCRIPTION
o Complexity: Challenging, since code for a feature is scattered in the code
o Importance: Of utmost importance. Features are the building blocks of the
SPL
« Dependencies on other activities: A7, A9, A10, A12

Table A.15: Log of activity A15
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A. Activities

INFORMATION
o Activity: Quality assurance
o Activity ID: A16
o Activity type: Quality assurance, transformation
o Start date: 2019-03-07
o End date: 2019-05-05
o Description: After each major addition to the SPL, each game has to be
built and run with their default configurations, to make sure no functionality
has been lost. This is also when new features and configurations are tested.
DATA
o Person hours spent: 60
o Number of commits: N/A
« LOC added: N/A
« LOC removed: N/A
« LOC modified: N/A
o Number of files added: N/A
o Number of files removed: N/A
o Number of files modified: N/A
ARTIFACTS
o Input: Source code
e Output: Running game
o Tools used: FeatureIDE, Android Studio
ACTIVITY DESCRIPTION
o Complexity: Medium, usually some errors occur from annotating features in
different places, but they are small most of the time.
o Importance: Very important, to maintain the quality of the products.
o Dependencies on other activities: A7, A9, A10, A12, A15

Table A.16: Log of activity A16
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Apo-Games
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Figure B.1: Ingame overview of ApoClock
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B. Apo-Games
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Figure B.2: Ingame overview of ApoDice
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B. Apo-Games

Figure B.3: Ingame overview of ApoMono
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B. Apo-Games
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Figure B.4:
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Ingame overview of ApoSnake



B. Apo-Games
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Figure B.5: Ingame overview of MyTreasure
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C

Feature Model

Menu: The main menu of the game. Have three different themes: MonoMenu
for ApoMono, TreasureMenu for MyTreasure and ApoMenu which is our own
branded menu for ApoSnake, ApoDice and ApoClock.

Editor: The user can create their own custom made level.

Userlevels: Here can the user select between all the custom made levels made by
all users.

World: Contains features that are part of the ingame world. Can either be Dy-
namic or Static objects.

Dice: The dice object for ApoDice.

Clock: The clock object for ApoClock.

Avatar: Avatar contains three different avatars depending on which game. MonoA -
vatar for ApoMono, TreasureAvatar for MyTreasure and Snake Avatar for ApoS-
nake.

TreasureBox and TreasureBlock: Dynamic objects that are used in MyTreasure.
MonoObjects: Static objects that are part of the ApoMono game.
TreasureKey: Static key, which is the objective of the game, that are part of the
MyTreasure game.

Canvas: The canvas that renders the playing field. Can be Grey which is used for
ApoDice, ApoSnake and ApoClock, TreasureCanvas that is for MyTreasure and
MonoCanvas which is for ApoMono.

Controls: Decides how the user controls the game. Can either be by Drag, Press
or MoveButtons.

Score: To calculate the score of game. Can either be by Counter or Moves.
Options: The options menu includes Sound, Language, Nickname and Mono-
Color.

Sound: Sound can either be Effects or Music. Effects has two different types of
sound which are TreasureEffect and MonoEffect. Music has two different sounds
which are TreasureMusic and MonoMeusic.

Language: Language of the game. Can either be German or English.
MonoColor: Chooses the color that are used in the background of ApoMono. Can
either be White or Green.

GameLogic: Which game logic should be used. Can be SnakeLogic, DiceLogic,
ClockLogic, MonoLogic or TreasureLogic.

Font: Decides what font to use in the game. Can be ApoFont, MonoFont or
TreasureFont.
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