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RESUMEN

El desarrollo de software se enfrenta al avance de la produccién en masa derivada
del crecimiento de las sociedades de conocimiento que demandan productos tecnoldgicos
de mayor calidad y menor costo. De este modo, el paradigma de la Linea de Producto
(SPL) se estd convirtiendo en el campo de batalla para los desarrolladores de hoy vy el
futuro, dado su enfoque de desarrollo basado en la reutilizacion de un campo especifico de
dominio.

Teniendo en cuenta que la produccion en masa se apoya en la estandarizacién y
automatizacion de procesos de fabricacion pensar en el desarrollo de software en escenarios
automatizados bajo estas condiciones requiere un esfuerzo obligado y no ha sido
suficientemente explorado hasta ahora.

En este sentido, este trabajo de investigacion contribuye a aproximar el concepto de
automatizacion en Lineas de Producto de Software mediante la creacion de una linea de
Producto de Software (SPL) para interfaces de usuario mdviles en el contexto de la
utilizacién de técnicas de inteligencia artificial (AIT) como un estandar de automatizacion.
Probandolo mediante un caso de estudio que utiliza la sintesis automatizada de modelos de
caracteristica basada en algoritmos evolutivos para lograrlo.



ABSTRACT

The software development is facing the advancement of mass production produced
by growing of knowledge societies who demand technological commodities of higher
quality and lower cost. Under this scenario, the paradigm of Software Product Line (SPL)
is becoming the battleground for developers today and future due its reuse development
approach based on a domain specific field that reduces the time and effort required to
produce software products.

Lessons learned from other industries teach us, the mass production is effectively
supported in the standardization and automation of manufacturing methods, so that, the
thought of automated scenarios of software development is an effort required and not
enough explored so far.

This research work contributes to approximate the concept of automation in the
Software Product Line Engineering by creating a mechanism for automatic derivation of
Mobile User Interfaces (MUI) under the context of adding Artificial Intelligence
Techniques (AIT).

Although, the automated software development can be done by ad-hoc mechanisms,
we do believe that by using AIT, the growth of automated-tools for software development
may see itself benefited by the expansion of a scientific formal area that has provided

successful automated approaches for many knowledge areas.



Chapter 1. Introduction

This chapter introduces to the reader a brief description about the main topic
addressed in this research work about using Artificial Intelligence Techniques (AIT) for
automation purposes on Software Product Line (SPL), the use of automated tools supported
at Artificial Intelligence Techniques to approximate an automation concept on this key
paradigm and how the motivation behind this research and the scope are successfully
addressed at the end of the document.

1.1 Contribution and scope of this research work

This thesis promotes the use of AIT for automatic product derivation in Software
Product Line (SPL). The model proposed is taking advantages of the automatic synthesis of
feature models based on Evolutionary Computation (EC) [1] to achieve automatic product
derivation of mobile user interfaces for applications in mobile computing.

The Software Product Line (SPL) is a paradigm for developing software systems
based on components. A Software Product Line (SPL) differs from others software
development paradigms as is sustained by [2] on the fundamental distinction of
“development for reuse ” and “development with reuse .

At the SPL approach, requirements are obtained from a target domain and not from
a specific problem, what introduced a novel approach where development is focusing to
create assets. Samples of assets are software components, documentation, and others goods
that can be part of a software product configuration as interchangeable modules.

The SPL approach basically introduces a change of strategy for building software
from the strategic business meeting and the ad-hoc contract to developing based on a
business domain with re-use purposes [2]. The business domain will lead the development
efforts, so that, the assets created can be reused in many different products that satisfy

requirements in same business domain. [2].



Problem Statement

Research in the AIT application to Software Engineering (SE) has grown
enormously in the last two decades to produce a large number of projects and publications.
However, most of the work carried out in this area is mainly targeted to the research
community, what is producing a gap between research and practice that depicts an open
problem [3].

Under this premise, our work adds to further exploration, where both disciplines,
artificial intelligence and software engineering can synergize in order to contribute to close
this gap. By taking advantages of the automatic synthesis of feature models based on EC
[1] this research work introduces an approach for automatic product derivation in a real
scenario. A study case based on automatic derivation of mobile user interfaces in mobile
devices with Android operating system that serves to prove in terms of SPL practice,
automatic product derivation and the efficiency of automation based on AIT in real practice
also, in order to tackle these open problems:

1 -. Provide an approximation to close the gap between research and practice of AIT
applied to Software Engineering. [3]

2 - Providing an implementation for ETHOM [1] algorithm designed for optimizing
computationally hard feature models using evolutionary algorithms.

3 — A contribution for the approximation of a formal Automation Concept (AC) in
SPL which is based on the application of AIT.

The proof of concept and deliverable of this research work is a software prototype
that implements an Evolutionary Algorithm (EA) to synthesize a software family of Mobile
User Interfaces (MUIs). As other software development approaches, SPL can be assisted
by AIT for automation purposes, so that, this work will be a reference for further

applications of SPL in real life.

The scope of this dissertation

The scope of this work is to provide a prototype for automatic product derivation for
8



producing user interfaces for applications in mobile devices with Android operating system.
In the SPL landscape, this research work will deliver an approach and a software
tool for automatic product derivation, from the natural speaking requirements, where the
interfaces are bounded to those user requirements needed to depict a Lyker-scalate screen
for survey mobile applications.
The automation concept addressed here is one that emphasizes the adoption of AIT
as automatic mechanism over ad-hoc approaches. Future work, it should be lead to

automate other parts of the software development process in SPL using AIT.

1.2 Motivation and Context
A lot of research in terms of provisioning to the SE with automatic mechanisms

based on AIT can be found on literature, some of them ad-hoc approximations. However in
terms of automation, AIT has been proved to be a very efficient approach in a big bunch of
disciplines. In more than three decades AIT has been growing in a very constructive way
and seeing itself benefited from the contribution of many scientific communities
worldwide.

So the belief that by providing AIT mechanisms to the automatic mechanisms in
SPL, beyond that these have also proven to be highly effectives for optimization and
automation, ensures that, today and in the future, there is a structured methodological
framework that supports automatic mechanisms, in contrast to the ad-hoc automation
approaches. It is one of the reasons that encourage this work.

A lack of AIT targeted to specific developing frameworks or paradigms also depicts
an open research field on software development engineering, due to the most of the work
published in this field are mainly targeted to the research community. The research work is
driven by the specific AIT used rather than the supported software engineering frameworks
[3]. In this way, more effective research on this field should be leaded to a specific
software development framework [3], so that, these endeavors might be part of software
engineering specific practices, and hence, to be adopted in real life scenarios.

Under this context, the present research work is addressing this issue by
9



contributing to the formal approximation of an automation concept on one of the most
challenging software development paradigms, the Software Product Line.

The expectations behind of automating the software process development is to
reduce time to market and improve the quality of the final software product, what is crucial,
given the last software systems are highly complex compared to their ancestors. These
systems deal with a lot of complexity that includes and it is not limited to fancy user

interfaces, remote services, security concerns and more complex infrastructures [2].

1.3 Organization of this thesis

Chapter 2. Provides an overview of the main subject addressed on this research work in
order to facilitate the comprehension to the reader.

Chapter 3. The related research work is surveyed in this chapter.

Chapter 4. Deploys the prototype and/or proof of concept proposed by our work.

Chapter 6. Discusses the results gathered through the study case during the test cycle in
order to confirm the correctness of this model.

Chapter 7. Conclusions and Future Work from our perspective is claimed here.

10



Chapter 2. Background

This chapter provides a review of the main topics addressed on this research work
about Software Product Line and Automatic Product Derivation using Evolutionary
Computation. In order to understand how the ETHOM [1] algorithm was customized for
creating the prototype in the mobile domain introduced by this research which emphasizes
the use of automatic tools assisted by Artificial Intelligence.

2.1 The SEI framework for Software Product Line

The idea behind a software product line is to exploit the communalities and tackle
variability of a set of products related on a domain field to obtain a standard set of products,
called software family [2]. Under this context, the domain is exploited until derive a set of
software products or systems that share common features.

In the 1970s the concept of “product families” in which the SPL is supported was
introduced by Parnas [4] to tackle variability in non-functional characteristics.
However until 1990 and after a set of experiments supported mostly by European
governments the concept was fully accepted, leading the paradigm of software development
up to systematic approach [2]. Figure 1 below shows the history of the developing

paradigms until now days.
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Reuse History:
From Ad Hoc To Systematic

11 {{{{{{

1970s
SUBROUTINES ~ MODULES OBJECTS COMPONENTS SERVICES

Sof
i Software Engineering Institute ‘ CarnegieMellon Linda

Figure 1. Reuse History: From Ad-Hoc to Systematic [5]

The Framework for Software Product Line practice is a property of the Software
Engineering Institute of Carnegie Mellon University and it was introduced in the 1990s,
after more than one decade, it has extended its large and respected knowledge base, thanks
to the biggest practitioners community on SPLE, until deriving five refined versions of its
respected framework which is supported by thousands of success cases for many different
industries. A complete documentation of the framework, tools and industry cases can be
found on its website.

http://www.sei.cmu.edu/productlines/tools/framework/

According to SEI community a right practice of SPL involves the synergy of three
essential activities that are shaping on the Configuration Management (CM) of the

Software Product Line depicted in figure 2.
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Figure 2. The three essential activities for software product line [5]

The SPL practice consists in the mining of pre-existing assets (core asset
development essential activity), by using these assets (product development) and under an
organizational strategy (management essential activity) the software systems can be
deployed. Samples of assets are software components, related documents and/or other sort
of configurable sub-products that can add value to the final software system [5].

The core asset development activity refers the processes of creating and/or re-using
assets and production constraints along with the product constraints to establish a
production strategy, resulting of this, is to define the production capability of the software
product line (SPL) which is composed by the core asset base and the production plan [5].

Thus, a new product endeavor requires of a new requirements analysis that leads
with gathering the specific product features and product constraints. These constraints
affect the design of the core assets during, for example, the architecture definition and the
component development [5]. To alleviate the task of manage product requirements and
constraints, some techniques are suggested by the framework, one of them is the FODA
method below described.

FODA method

Every software product can be described in terms of their features. The FODA

13



method introduced by SEI community [6] describes a methodology to depict software
systems in terms of these features where features are defined as "prominent or distinctive
user-visible aspects, quality, or characteristics of a software system [6]". In terms of
modularity, features also can be thought as components of a product, which provide a
specific functionality and have a well-defined purpose. By this way, a family of related
software products can be depicted by the features (components) of the set, constraints and
dependences between them into a feature model [6]. Then the feature model contains all the
configurable products that the software product line can produce.

Domain analysis and Feature modeling are two techniques that complement each
other. They are part of the FODA method. Feature modeling proposes the exploration of
communalities of a number of software products that co-exists in a well delimited domain
to form a software family. A new software product can be added into the family by the
exploration of its intrinsic communalities and the alignment of its variability to the context
domain of the family in question [6].

FODA also introduced the graphical representation of a feature model known as
feature diagram. The goal of feature diagrams is to provide a useful tool to analyzing and
designing feature models. The basic notation of a feature diagram depicts relations between

parents and children, as follows. [6]

Basic feature diagram notation

Basic models are known for being able to represent the following relationships
among features:

- Mandatory. This relation exists when a child feature must be included in all
products where the parent feature is shown [6].

- Optional. The child feature can or cannot be included in products which its parent
feature appears in [6].

- Alternative. Only one feature of this set can bet selected to be part of the product
[6].

- Or-Relation. One or more features from a set can be inserted in the products in

14
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which its parent feature is appearing [6].

A basic feature model can also depict constraints between features like this below.

- Requires. The inclusion of one feature implies the inclusion of another different
feature. The difference from mandatory relations and this remains in that, does not exist a
parental relation and sometimes the features in question are at the same level in the feature
tree [6].

- Excludes. A feature excludes another one. It means, feature A and feature B cannot
exist in the same product [6].

A simple sample of a feature model provided by FODA is depicted on figure 3, it
describes a car in terms of its components and shows the relation between them in order to

illustrate the basic notation of feature models.

Car Basic Feature Diagrama Notation
(g Mandatory
Mandatory Optional
features eature o Opionsl
Transmission Horsepower Air conditioning /Q\-““mﬁ“
Alternative = A .

features N
Manual Automatic .

Figure 3. A simple feature diagram [6]
From the feature diagram on figure 3, four different cars configurations can be

obtained on Table 1. The feature diagram is a tool widely adopted in the product
configuration field in general due its feasibility for depiction of product families.
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Table 1. Car Configurations

ITM Carl Car 2 Car 3 Car4
1 Automatic Automatic Manual Manual Transmission
Transmission Transmission ' Transmission
HorsePower HorsePower |HorsePower HorsePower
Air Conditioning Air
Conditioning

2.2 Mobile User Interfaces Families
Now think about the user interfaces domain for applications in mobile devices

applications. Into this domain, a lot of features like color, fonts, images, display layouts,
and other functionalities on screen come into play for creating a Mobile User Interface
(MUI).

Thousands and thousands of features, their dependencies and constraints work to
create rich MUIs for millions of users worldwide. So that, the modeling of a software
family of MUIs is a real challenge that starts by defining the boundaries for delimiting
without sacrificing to functionality.

A minimal MUI can be built by picking at least four features from the set of features
of the domain: one lay-out to organize the elements on screen, a user command bar, a text

label and a background color, this mini-screen is showed on figure 4 below.

" - ~
SurveyComponent]

Title

Figure 4. A minimal mobile user interface in Android.

Android provides two different approaches for developing user interfaces for mobile
devices: Java code and the language descriptor XML.

The XML coding approach provides a way to develop mobile user interfaces by
16



focusing only in the elements on the screen leaving the functionality of them for specific
java classes. Each XML label depicts a graphic widget in the user screen, the properties
associated to each XML label are used to configure the visible and not visible features of
each widget, for example, <textview> element has a property named color and the
<checkbox> element in the line of code below will depict a checkbox button.

By using XML and the combination of elements on screen the design of a MUI is
separated from most specific code for focusing only on design. The interfaces created under
this specification, are isolated in a piece of XML code in a XML file, which make them re-
usable for other Android applications. In this way the mobile user interface can be
consumed as an isolated component.

From this standpoint, a mobile user interface (MUI) is a component which belongs
to one or many Android applications. In same way, a MUI is comprised of many sub-
components, the XML labels or elements in it. Therefore, the XML elements are features of
the MUI and they can be described into a feature model that depicts the MUI, as it is
showed on figure 5 and its feature diagram representation.

Following this path, the domain of the mobile user interfaces, in terms of this
research, was bound by the elements of XML in ANEX A which is the set of elements
suggested by Android to build mobile user interfaces [7] . So that, feature models in this
domain can be depicted using the elements of android XML, the constraints and
dependences found in the Android Community website [7] . Figure 5 shows a sample of a

small family of MUIs for a survey interface.
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SurveyComponent]

Title

®
Lay-Out Background

Basic Feature Diagrama Notation

(g Mandatory

L Optional

Color
o
[ ] s
White Requires
—— —p  Exclude
SurveyComponent]

Instructions: Please tick one circle for each Base é} Mandatory
staternent below te show hew much you agree or N
disagree with it F,‘ ™,

oung people today do not have enough respect
for raditional British Values

Agree Agree MNeither

strongly agree
nor
disagres

©

Disagree Disagree
strongly

Ele

FEATURES

A. Instructions

B. Question Statement
C. Grade Scale

D. Setof 5grades

E. Set of 3 grades

‘ Optional
/&\ Alternative
S
- —— P Requires

A— — —p  Exclude

Android User Interface

Feature Diagram

Basic Feature Diagram Notation

Figure 5. A basic MUI and its feature diagram

2.3 Automated treatment of feature models

Software systems and product configuration in general are more complex every day,
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due the number of features in products is growing [8]. So the task to create and edit feature
models to depict product families and the analysis of variability to introduce new products
into the family is a rough task for domain designers [8]. However to deal with the problem,
computer—aided extraction mechanisms have been introduced by researches to alleviate the
task and reduce the amount of time it takes to domain designers [1]. These mechanisms
have shaped a formal research area known as automated treatment of feature models [9].

By producing nodes and building relations between them randomly, is possible to
create features models which are later treated to make them syntactically correct [1].
Propositional logic (PL), description logic, constraint programming, graph transformations,
metaparadigm approaches and other not classified techniques have been used to model the
problem to create automatically feature models (FM) [9].

In 2012 evolutionary computation was introduced as a solution to create high-
complex feature models to test performance in software analysis tools, the approach was
introduced by ETHOM [1] a novel algorithm based on Evolutionary Computation (EC).
This research takes advantages of this approach to create automatic derivation of mobile

user interfaces for Android applications.

2.4 Evolutionary Computation

The Artificial Intelligence comprised a set of computational mechanisms that are
trying to re-create the natural process of how the live beings learn and surviving in nature.
By the imitation of the nature processes, Artificial intelligence is providing with a kind of
syntactic intelligence to the computer algorithms and reasoning. Artificial intelligence is a
combination of mathematics, computing and engineering to build “intelligent” entities that
is successfully contributing to solve a multidisciplinary set of problems [10].

The artificial intelligence is an empiric science that is growing mainly due to it is
providing solutions in affordable computational times to complex problems in comparison
to some mathematical approaches. A sample of this is Evolutionary computation (EC),
which proposed a computer-based model to solve combinatorial optimization problems by

using computational models that emulate biology evolutionary processes, such as natural
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selection, survival of the fittest and reproduction as the fundamental components of such
computational systems [11].

EC was inspired from the power of natural evolution of the diverse species in nature
studied by Darwin, Lamarck and Mendel. Darwin proposed the "natural selection of the
fittest” [12] while Mendel proposed "corpuscular theory of heredity” [13] and Lamarck
proposed "Inheritance of acquired characteristics" [14]. By the work of these authors, the
phenomenon of natural evolution can be described by the chances that an individual has to
survive and multiplying in a particular environment. The most capable individuals will
have more chances for reproduction and therefore to inherit genetic material to their
offspring, in this way generations are improved, it means evolved [15].

Offspring, reproduced from two parents contain genetic material of both. The
individuals who inherit the bad characteristics are weak and lose the battle to survive
leaving the best adapted individuals to survive, analogous, best solutions, those which are
nearest to the optimal will survive in terms of EC [15].

The idea of automated solving problem using natural selection can be tracked to the
40’s with the introduction of the Touring machine in 1948 [16]. Touring proposed "genetic
or evolutionary search”. In 60°s Bremermam performed experiments to optimize using
evolution and recombination and then two different schools emerged: evolutionary
programming and genetic algorithm, both in USA. At the same time Evolution strategies
were proposed in Germany. But till 90°s, the schools were viewed as different approaches
of the same subject which was re-named Evolutionary computation [10].

The first formal evolutionary algorithm named Canonical Genetic Algorithm (CGA)
was proposed by Holland [17] who based on the work of Fraser and Brememerman in 60°s
extended the genetic algorithm in combinatorial problem solving.

A genetic algorithm simulates genetic systems in order to model genetic evolution;
here the characteristics of individuals are expressed using genotypes. The algorithm
introduced by Holland implements the basic steps of an EA: A bit-string representation for
the chromosome, proportional selection to select parents, one-point crossover to produce

offspring and uniform mutation. These concepts will be introduced ahead in this chapter.
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Evolutive Algorithm

The Evolutive algorithm (EA) is a general computational algorithm to solve
optimization problems based on the empiric method proposed by Evolutionary
Computation [15].

A well-known sample of optimization problem is the “Travelling Salesman” [18],
which refers a problem of minimization. The goal is to find the shortest route that makes
possible to a Salesman for visiting the more cities. The problem has been treated as a
combinatorial problem, however, once the number of cities grows the computational times
increase dramatically to set this problem as an NP-hard. From perspective of EC, good
solutions has been found in affordable times by using evolutionary strategies like genetic
algorithms.

The optimization problems are such where it is needed finding the maximum or
minimum solution for an objective function in a solution space by doing local search [15].
So that the solution to a problem is depicted in terms of finding the most suitable solution
for an objective function. This functionisa f : S — R where S depicts a subset of real
numbers and the goal is to find a Xo such that f(xo) <= f(x) for all x in S, in case of
“minimization” or, such that (xo) >= f(x) for all x in S for maximization objectives.

General speaking, EA can be structured in six parts [15]: encoding, fitness
function, initialization, selection, reproduction and stop condition. The first two are
pre-set conditions which describe the computational structure to depict the candidate
solutions and how to measure its fitness regards to an optimal solution. The four parts
remaining are the logical structure of the algorithm and will be executed for same. For
purposes of this research work we have included mutation and restriction techniques as
suggested practices to add variation and avoid convergence. Figure 6 shows the operational

workflow of an EA.
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Figure 6. Shows the CGA workflow

This research work treats the programming of a mobile user interface as a
combinatorial optimization problem where the goal is to design and code the most suitable
user interface that meets user & aesthetic requirements, by using the minimum number of
code lines. As we know this is a complex and rough task which starts by designing a set of
candidate mobile user interfaces which will be evaluated by the effort required by a
programmer for coding and testing. At the end, those interfaces with the minimum

parameter will be picked.
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Initial Population

The initial population is a set of candidate solutions to an optimization problem,
created randomly from scratch. The initial population for the mobile user interfaces
scenario above is set by a number of mobile user interfaces that meet user requirements and

programming language restrictions.

Encoding a chromosome

Each solution in the initial population is known as the individual and the data
structure that describes the individual is called chromosome [15]. Arrays of data and tree-
like structures are the most used to depict chromosomes [11]. The most basic chromosome
form is the bit-string structure that represents the binary form of a natural number [11].
This approach is gathered from the genetic encode of an AND of an individual which
depicts a solution in terms of a computational data structure, that facilitates to an EA for
applying operations over the individual like cross-over and mutation, this is described
ahead [15].

The ETHOM [1] algorithm proposed the representation of a chromosome for a
feature model by using two arrays of data. The first one that keeps the FM tree structure
and a second one for describing relations of exclusion and/or inclusion. In figure 7 the

ETHOM chromosome is depicted.
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Depiction of 8-feature Feature Model and its array encoding.
Chromosome Encoding introduced by ETHOM

Op |Optional
Or |Or

M |Mandatory
Alt |Alternative

E |Exclude Individual
i o 1 2 3 4 [ & ;
R |Requires
q TREE |Op2]Or1 | Mo | Oro | Ao | Akt | Mo | Opo |

Figure 7. Encoding of a feature model, approach introduced by ETHOM [1]

For purposes of this research work, each feature in the ETHOM chromosome is
linked to a specific functionality in the screen of the mobile user interface, such that, the
ETHOM chromosome can provide support for modelling features models of MUIs

families.

Fitness Function

In order to find best solutions (chromosomes) for an optimization problem, the
individuals need to be evaluated to select those that are nearest to the optimal. Given EA is
an empiric approach, non-deterministic methods are not available to find suitable solutions,
so that, the only way is by measuring the quality of the candidate solutions and to compare
[15].

Under this approach, metrics are gotten by the fitness function which measures
strength of an individual to survive in a specific environment [11]. So, a fitness function is
an objective function which is particularly useful to qualify how good the solution

represented by a chromosome is, by grading the chromosome representation to a scalar
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value.

The fitness function evaluates a candidate solution from a pool of possible solutions
produced in a random basis or by evolutionary operators in a particular problem. The
function returns the fitness of an individual [15]. ETHOM [1] proposed the fitness function
in terms of the number of backtracks it takes for a software tool to traverse the feature tree,
in order to find those feature models with the lees number of backtracks. The approach is
discarded for this research work due it is not applicable.

The fitness function introduced by this research work is one that is capable to find
the feature models to derive the mobile user interfaces with the least number of code lines
that meet user requirements and programming constraints. This function is widely
discussed on Chapter 4. In figure 4 below, it can be seen the mapping of MUI in the
ETHOM chromosome.
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Selection and crossover operators

Selection operators are techniques to choose best fit individuals in order to

emphasize better solutions for reproduction and avoiding that the best individuals dominate
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the landscape [11]. Once the fittest individuals are selected, these are subject of a
reproduction process determined by the type of the crossover operators [11].

ETHOM [1] algorithm incorporates two crossover operators: rank-based selection
and tournament selection. Both techniques were successfully implemented to brew new
features models solutions for optimization. The approach was implemented in the prototype
that validates this research work.

The rank-based selection method starts aligning the individuals in decreasing order
by using its fitness values, then a probability of selection is calculated using formula,
individuals are picked using the selections probability in roulette spin. In this way
individuals selected are independent of the absolute fitness values, the advantage is that the
best ones will not dominate the selection process and it will avoid divergence [11].

In tournament selection a set of individuals is randomly picked from the population,
then individuals are compared in order to find the best one of this group, the process is
called tournament [11]. A tournament round is performed by each parent, a crossover for
two parents will need tournament selection to be done twice [11].

To illustrate the crossover process, the figure 7 shows an initial population of
random natural numbers, the chromosome to depict each natural number is using its binary
representation in an array, this bit-string structure is the most basic form of a chromosome
[11].

In the figure also we have applied two operators: crossover and mutation. For
crossover, the bit-string structures are combined by selecting the first two bits of parent A
and the last one of parent B for breeding a new individual. The fitness function is defined in
terms of the scalar value of f(x) = x. If a minimal is searched, minor values are the best
fitness ones, by the other hand if maximal is the optimization goal maximum values will be

selected as the best fitness.
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Figure 9. Encoding representation of natural number into a binary array

The sort of crossover defines how the parents are combined for breeding a new
offspring. There are three types of crossovers categorized by the number of individuals that
participate in the reproduction: asexual, when only one parent participates, sexual, two
parents produce one or two more individuals and multi-recombination where more than two
parents breed one or more offspring [11].

For combination, parents break into pieces, the new individual contains some parts
of each parent. The point where the parents break is known as crossover point. These are
the types of crossover points:

One-point crossover. Establishes a common point of crossover for both parents
[11].

Two-point crossover. Allows break down the data array structures in more than two
points [11].

"Cut and splice™. Allows uncommon breaking points for both arrays [11].

Uniform Crossover and Half Uniform Crossover. The arrays are divided into
multiples pieces in uncommon points and mixes [11].

Sexual reproduction on one-point crossover was implemented on the prototype of
this research work as ETHOM algorithm does. In figure 9 is illustrated the process, the
chromosome that depicts the feature model according to ETHOM [1] is comprised by two

arrays, a random crossover point in each array must not be greater than the maximum size
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array, then the left part of parent A and the right part of parent B are mix on the new

individual.
Parent A Pareni B Offspring
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Figure 10. Example of one-point crossover introduced by ETHOM [1]

Mutation

The goal of mutation is to introduce new genetic material into the population,
thereby increasing genetic diversity. It can be done by random changes on the genes of a
chromosome [11]. The mutation operators are ad-hoc mechanisms regarding to the
particular problem.

ETHOM [1] proposed four mutation operators, below:
e Operator 1 changes randomly the type of a relationship between parent and
child [1].

e Operator 2 changes randomly the number of children of a feature in the tree [1].

e Operator 3 changes the type of a cross-tree constraint in the CTC array [1].

e Operator 4 changes randomly (with equal probability) the origin or destination

feature of a constraint in the CTC array [1].

Constraints and infeasible individuals

In EC, the automatic generation of solutions by random methods, crossover or
mutation can lead sometimes to produce infeasible individuals in a constrained solution
space. The techniques to tackle infeasible individuals those who are violated at least one

constraint, are three different approaches: rejection of the infeasible individuals, individual
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repairing by solving the unconstrained problem using information of the feasible solution
space, and discourage to the search mechanism to look for solutions on the unfeasible space
like penalty functions and pareto ranking, it last use concepts from multi-objective
optimization [11].

The repairing approach of the FM from ETHOM [1] was used for the proposed
prototype by this research work. This approach avoids semantically redundant feature
models. The mechanisms of repairing are below.

a).- Relationships (or- and alternative) with a single child feature are changed by optional

Fd D4

Figure 11. Relations (or- and alternative) with a single child repairing [1]

relationships [1].

b).- Cross-tree constraints between features with parental relationship are removed [1].
r r ~LA ] ¢ [A ]
L L8] [&]
Figure 12. Cross-tree constraints between features with parental relationship repairing [1]

c).- Contradictory or redundant cross-tree constraints changed by implications [1].

Figure 13. Contradictory or redundant cross-tree constraints repairing [1]

Every MUI also must meet a set of requirements stated by a customer or end user.

These requirements were thought as constraints for the chromosome. A pool of solutions
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represents all possible combinations of MUIs that meet the user requirements, and to treat
this problem, an ad-hoc mechanism in prototype section in Chapter 4 was added to the

repairing techniques exposed here.

Survival and stop condition

Finally, offspring should consider a replacement policy and stop condition in order
to avoid an infinite growing of the population. One approach is that the offspring may
replace the worst parent as long as its fitness is better compared to the one which is

replacing. This approach has been adopted by this work.

2.5 Software Automation and SPLE

The automation concept that this dissertation supports on SPL, it can be defined as
the replacement of human hand by a software tool which is aided by intelligence artificial
mechanisms and it can be tracked back to the research work of [19] at the 80°s. . The
software tool in question is a robot in terms of manufacturing

The approach of automation in Framework 5.0 is focused in the automatic product
derivation. According to SEI “Automated derivation of products requires an explicit tool
chain that begins with domain concepts and ends with executable code”... [5]

In this context, automatic product derivation proposes a way to create software
product automatically from requirements. However, natural language speaking
requirements cannot be exploited under this approach, requirements needs to be processed
into a model that can be fully read by automated tools.

The different paths followed to addressed this task have been categorized by SEI [5]
in terms of how well-defined is the semantic y the type of modeling language that is
specific for creating the model in question. The five main approaches are specification-
based, intelligent build, domain-specific languages (DSLs) and product generation, meta-
modeling and frame technology”. These approaches are not at the same level of abstraction,

and they are not mutually exclusive. [5]
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Chapter 3. Related Work

This chapter reviews the research work on the main fields addressed in this
dissertation. Cites the efforts for automating the software engineering process using AT,
its applicability on SPLE as well on the mobile domain. Also, the verification of the
correctness of automated synthesis of feature models on mobile domain is surveyed here.

The efforts to improve the software engineering process started at the 1960°s with
the adoption of machine learning to create formal specification from informal requirements
in natural language [3]. Later at the 80's a formal concept of software automation based on
AIT s introduced in [19] and supported by the intensive work to automate the whole
process of software developing. However this is not leaded to a specific software
developing framework leaving these efforts to the research community only.

Three broad areas of AIT have most impacted the software engineering process:
searching and optimization, fuzzy and probabilistic methods for reasoning under
uncertainty and, machine learning which includes classification and prediction [20].

In software engineering, the efforts can be classified in three branches.

Probabilistic Software Engineering which refers to the treatment of noisy and
incomplete information using fuzzy and probabilistic methods, some samples are Bayesian
probabilistic reasoning to model software reliability and the stochastic nature of human
behavior.

Classification, Learning and Prediction for Software Engineering which refers to the
increasing interest in modeling and predicting software costs as part of project planning,
traditional machine learning techniques such as artificial neural networks, cased based
reasoning and rule induction have been used for software project prediction.

Search Based Software Engineering, in this classification, the software engineering
problems are treated as optimization problems that can be solved with computational
search, some applications are led to requirements and design, maintenance, and testing [20].

In the SPL field the efforts for automating are focused on the automatic product
derivation [5] which have driven the automated analysis of feature models to become a
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well-established research area that have attracted more attention in the last two decades [9]
given the feature model is one of the most used approaches to model variability and
communality in SPL. The automated analysis of feature models from AIT perspective has
been treated for ETHOM [1] a novel algorithm based on EC which has proved being more
effective to process and analyzing hard-computationally feature models on an affordable
machine cost.

This evolutionary algorithm demonstrates to be more efficient that random search in
finding input combinations for maximizing or minimizing execution times to synthesize
features models with functional and non-functional features. The goal of ETHOM [1] is to
provide an automatic mechanism that produces hard-computationally feature models for
testing purposes. So in this way, the feature models produced by ETHOM [1] have been
proved to be more effectives for finding processing errors on FM analysis tools compared
to those features models created randomly.

Given the novel of this work its applicability is scarce in literature, however, other
application of ETHOM was found on reverse engineering, this work proposed by the
ETHOM authors is based on the statement that a “SPL does not needs to be created from
scratch”, the features of pre-existing products can be feed to the ETHOM algorithm in
order to create a new SPL. This is particularly useful due to the labor of starting a new SPL
can be error prone [21].

The efforts for automating in SPL based on artificial intelligence are mainly
targeted to the proper selection of features from the stakeholders concerns and the
functional/non-functional requirements selection, techniques like Hierarchical Task
Network (HTN) [22], fuzzy logic [23], Analytical Hierarchy Process (AHP) and Fuzzy
Cognitive Maps (FCM) [24], genetic algorithms [25] were used.

Another efforts for automation in SPL show successful ad-hoc mechanisms in the
labor of automatic support for product derivation of software for electronic devices [26],
model-driven techniques for automatic product derivation on mobile software [27] that
takes advantages of the conditional compilation and aspect-oriented programming, and

automated testing [8].
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Also, some prototypes and tools to support automation on SPL without AIT can be
found on [28] that uses rational rose to derive products from UML multi-model views. In
[29] a prototype for automatic analysis of the security requirements and [11] where
automatic derivation is treated using a repository approach [30].

The adoption of AIT techniques in SPL is scarce, but a trend for synergizing,
product configuration and SPL, promises benefits in the long run to the automation on SPL
assisted by AIT due to product configuration is another well-defined research area with
more than 30 years of application in many different industrial domains and of course a long
history on the successful application of AIT for automation purposes [8].

The automatic product derivation based on SPL which is the subject of this research
work for specific mobile android applications is non-existent in literature, but frameworks
with automatic code generation and tools for automated android software development with
no SPL support can be found, from XML to java codes by eclipse plug-ins [31].

Trends that adopt AIT in mobile domain only can be traced to contextual adaptive
user interfaces [32] that implement machine learning.

As we demonstrated at this literature review, the state of the art in SPL support and
automatic product derivation for mobile software are scarce in literature, approaches based
on AIT were not found. Only ETHOM [1] provides a mechanism for automatic product
derivation in SPL that implements AIT but it have not been tried on mobile software

domain, which is the reason to integrate it into our proof of concept.
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Chapter 4. Study case: Configuration of a SPL for user interfaces at
mobile devices domain

This chapter introduces the study case and the prototype created to support the
theoretical basis sustained by this research work. It explains the functionality and
construction of the prototype and its applicability in the automatic derivation of mobile user

interfaces for survey applications.

4.1 The study case

According to the World Bank in 2012, there were about six billion mobile
subscriptions in use worldwide, about three quarters of the world's people now have access
to a mobile phone. In some developing countries, more people have access to a mobile
phone than a bank account, electricity or even clean water. Mobile communications now
provide great opportunities to advance human development, from basic access to
information and education health to make cash payments to encourage participation of
citizens in democratic processes, etc [33]. Along with the technological mobile base
growth, the increasing of functionality of Smart phone devices in recent years have given
rise to an explosion in developing applications for this sector. This trend obliges to the
researches on software automation to innovate in this field.

The prototype introduced in next sections is a proof of concept to support the
automation concept in SPL assisted by AIT. It performs automatic product derivation
through domain analysis proposed by FODA method and claimed as a good practice in
Framework 5.0 in order to achieve an approximation between practicing of SPL discipline
in real life and AIT. The prototype proposes a method to derive software products for
electronic devices by exploding the Android platform. This prototype turns around of an
evolutionary algorithm developed in java, which by means of automatic synthesis of feature
models introduced by ETHOM [1] produces feature models which are exploited by the
tools to the get the product configurations.

The case of study that supports the user requirements which shape the mobile user
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interfaces derived under this approach, it is based on the domain of applications for Mobile
Data Collection or Mobile Surveys which is a growing trend of data collection where a
survey form, application or collection tool is on a mobile device such as a Smartphone or a
Tablet and by using an online platform data gathered can be retrieved and processed [34].
This data collection trend is growing due low costs and short times needed for applying a
survey compared to traditional methods [34].

Apart from the high mobile phone penetration, mobile devices and their applications
offer innovative paths to collect data regardless of time and location of the inquired [35],
further advantages expected are quicker response times and the possibility to reach
previously hard-toreach target groups [36]. Another advantage of using a mobile device for
data collection is to gather information more discreetly if needed papers. For example, an
observation survey could be performed on a smart phone or tablet instead of a clipboard or
stack of survey papers [35] [36].

The first online commercial surveys platforms that provides mobile capabilities and
total customer business integration through SOA are appearing into market in order to
deliver on-line survey services, under this context, our contribution is to provide mobile
user interfaces which can be reused as components inside of On-line Survey Data
Collection Platforms.

By other hand, in order to demonstrate the applicability of the model and the tool
introduced by this work, every mobile user interface must meet a set of requirements stated
by a customer or end user. These requirements were thought as constraints for the
chromosome. A pool of solutions represents all possible combinations of mobile user
interfaces that meet the user's requirements which are obtained through the selection of the
requirements set provided on table 2 below. This feature set is extracted from those
suggested by Android Community [31] and it depicts the basic set of features requested to
create mobile user interfaces, the set also compounds our feature domain as it is explained
ahead, so that, a user screen for a Lyker-scale basic question [37] over a mobile device can

be shaped into the set of features of Android.
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Table 2. Feature set for Lyker scale question

Feature

Ul Component Description

SurveyComponentl

A.

Instructions

v

Question Statement

Grade Scale

Set of 5 grades

v
v
v

Set of 3 grades

Question number

Button Bar

Comments text box

Disclaimer Legend

C=|Z|OMMmo|0Nw

Background Image

From model above, many mobile user interfaces will be automatic derivatives using

this approach from XML Android tags and the natural speaking requirements on table 4.

Initially MUIs for questions with multiple choice of three and five grades will be produced.
In the next paragraphs the Mobile Android Product Derivation Software (MAPDS)

tool is explained to prove the correctness of the model introduced.

4.2 The MAPDS prototype

The MAPDS prototype is an object-oriented software tool developed on Java SE 7,

as a standalone application it can be run on any Windows 7 desktop machine. MAPDS

takes a subset of XML labels into the set of Android labels as an input parameter and turns

them into XML mobile user interfaces that can be run in any Android device like figure 16.
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xmlns:android="http://schemas.android.com/apk/res/android"
android:layout width="match parent”
android:layout height="match parent"
android:background="#c0clc0">

Tithe

<TextView
android:layout_width="wrap content"
android:layout_height="wrap content"”
a:droid:text="@string/heiio_vorid" />

</RelativelLayout>

Figure 14. XML code and its MUI

Any MUI created by MAPDS can be re-used in more complex Android mobile
applications due to the XML support provided by Android which allows to the screen
functionality to be encapsulated.

A run cycle of MAPDS provides a set of mobile user interfaces that are constrained
by a set of user requirements which were described in the study case section above table 2.

The tool is comprised by four classes: MainFrame, ATM, FeatureModel and
Configurator. They interact each other to provide with an interface to the final user which
allows selecting the configuration parameters of the evolutionary algorithm to perform the
synthesis of feature models and the set of their derived products.

The ATM class deploys the evolutionary algorithm engineering to select the best
feature models individuals. FeatureModel class is the feature model template to instantiate
the FM individuals (objects) that will comprise the FM population. Mainframe class
deploys the mobile user interface to interact with, it instantiates the ATM class to start the
automatic process development. The figure below shows how these classes interact, each

class has a well-defined goal and function explained ahead.
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Figure 15. The class interaction on MAPDS tool

The mobile user interface of MAPDS provides the selection of input values for the
evolutionary algorithm embedded, the user can choose from seven parameters to choose
and create combinations.

Selection strategy parameter defines how the individuals will be selected for cross-
over. At this stage only the one-point strategy is available to pick from the screen.

Mutation probability will define the percentage of individuals to be mutated from
the initial population in terms of an EA.

Size initial population parameter sets the size of the population.

#Executions fitness function set the stop condition for this EA.

Infeasible individuals parameter defines whether the infeasible individuals will
replaced or repaired and finally Features parameter will establish the size of the features
models.

Screen in figure 18 shows the configuration display to interact with. Once the
parameters are selected, by clicking “Make Calculations” button, the MUIs are produced
into the application directory and ready to be re-used in an Android application by adding

the file into the /res directory in the Android *.apk project.
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Parameter Values evaluated and selected

Selection strategy Roulette-wheel -

rossover strategy One-point -
Mutation probability 0.005 -
Size initial population 10 -
#Executions fitness function 2000 -
Infeasible individuals Replacing -
Features 10 -

Make Calculations ‘

Figure 16. MAPDS mobile user interface.

Currently the prototype derives mobile user interfaces in XML code. Programming
mobile user interfaces for mobile devices using Android can be coded through Java and
XML languages, our prototype builds mobile user interfaces in XML, given the modularity
of XML tags to represent on-screen functionality, a label in terms of this research
represents a unit of functionality and looks like a building block, these blocks are the assets
of our product line and it use them to configure software products (mobile user interfaces
for mobile devices), such that a mobile user interface is a combination of XML tags that are
there because of a required configuration.

The tool then takes the set of XML tags provided by Android Community [7] for
building mobile user interfaces in table 2 and the properties, as the set of features which
features models will be interpreted with.
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Table 3. Set of Android elements most common used to build MUIs extracted from

Android Community [7]

1[=Relatvelayout=</= 22<Framelayout==/= 43l=ImageSwitcher==/=
2=GndView=</= 23| =TableLayout=</= 44i=AdapterViewrlipper==/=
Ji=Button=</> 24=TableRow==/> 45\=StackView==/>
4i=EditText==/= 25fListViews==/= 46=TextSwitcher==/>
Sl=CheckBox==/> 26/=ExpandableListView==/> 47|=ViewAnimator==/=
Gl=RadioButton==/> 2T=5ScrollView==</> 481=ViewSwitcher==/>
7|=ToggleButton==/=> 28=Honzontal ScrollViews=</= 49i=Viewrlipper==/=
8l=5Spinner=<f= 291=5lidingDrawer==/= S0i=requestFocus=</=
O=TextView==/= 30f=TabHost=</= 51|=View=</=
10=AbsoluteLayout>=/> M=TabWidget=</= S21=ViewStub=</>
11|=ToggleButton=</= 32=WebView=</= S3j=GestureOverlayView==/>
12|=Checked TextView==/> J3=lmageView==/> Sdi=TextureView==/=
13[=Spinner=</> 34=lmageButton></> 55=SurfaceView==</>
14=ProgressBar></> Ab=Gallery><f> S6f=NumberPicker></>
15=SeekBar==</> J6=MediaController==/= 57|=ZoomButton==/=
16=RadioGroup==f= AT=VideoView==</> 58l=ZoomControl s==/>
17[=Switch==/> 38=TimePicker==/= 59=DialerFilter=</>
18[=RadioGroup==/= J9=DatePicker=</= B0=EditText=</>
19j<EditText></> 40<CalendarView=</> 61}<TwoLineListliterm=</>
20[<AutoCompleteTextView=</> 41[<Chronometer=</> 62|<TextClock=<f~>
21[=Multi AutoComplete TextView=</= 421<AnalogClock=</> 63=Linear_ayout=</>

The ATM class

The instantiation of ATM class starts the initial population, which is stored in

initialPopulation variable into the class. The initialPopulation variable is an array of FM

class objects which are created by means of the instantiation of several feature model

objects.
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Caracteristica

Base,
‘http://schemas.android. com/apk/res/android"
L/

0

O e
B E{EN[EN [EN CHIEA DX | )

R

1112 ([13

‘ d Mandaory  AON tematve - = T

13 b optoal A o - Excludes
1 ¢). Diagrama de caracteristica FM que representa a la interfaz,
tiqueta XMl y atributo auna
b). Codigo XML generado por Ia interfaz
0 1 2 3 4 5 6 7 8 9 10 11 12
_ T taee [ 10Ma [0.Ma] 0,05 oMa| 042 [0,0p [ 000 0,00 0,00 | 0,08 | 300 [ a2 02 0,05 [ 0,08
cre ). Representacion del FM obtenido usando el esquema de ETHOM

Figure 17. Relation between the ETHOM chromosome and the MUI code based on XML

The initial population is created by instantiating a number of FMs which are created
randomly. The number of FM objects in the initial population is an input parameter of the
mobile user interface MAPDS tool. It sizes the initialPopulation array, which will be fill by
the initialPopulation() method in ATM class.

FM Class and the FM individuals

Each FM object is an individual created using the algorithm for the random
generation of feature models proposed by [38], which describes a transversal-tree of nodes,
where each node represents a feature on the feature model. Originally, the nodes are
comprised by the child number and relation type of this node regards to its father, but for
effects of this research it was added a number to identify the Android feature depicted by
the node.

In the random approach to create feature models [38] built-in by ETHOM [1] to
create the initial population, a node is randomly selected from the set of nodes and this is
assigned a random number of children and a random relation with its father. All the actions

to create the tree-like structure of a FM object are deployed on the FM class constructor,
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the code in FM is inserted below to illustrate the process.

[**** EM constructor ****/

public FeatureModel (int ft) {
nodes = ft;  --> decribes nodes from initial Size Population variable
FMMatrix = new int[ft][3]; --> Creates FMmatrix storing the node tree

[**** Creates a temp set of nodes which can choose from ****/

int perassign = nodes -2;
int[] tempNodeSet = new int[nodes];//Fills temp node Set

for (int i=0; i<perassign; i++)
tempNodeSet[i] =i + 1,

[FFFx*x% Eills FEMMatrix with n nodes *******/
[***Constraint 1 - First feature is mandatory***/

FMMatrix[O][relation] = 1;
FMMatrix[0][children] = xRandom(nodes-1);

int totalchildren = FMMatrix[0][children];
for (int i=1; i<nodes-2; i++) {

int xset=0,xnode=0;
boolean invalidNode = true;

xset = xRandom(perassign); //Select random position
xnode = tempNodeSet[xset]; //Select node from feaure set
perassign--; //Decrease total of nodes to assign

tempNodeSet[xset] = tempNodeSet[perassign];
/[Copy last node to xset pos to reduce the set

FMMatrix[xnode][relation] = xRandom(4);
if (totalchildren > xnode)
FMMatrix[xnode][children] = xRandom(((nodes-2)-totalchildren)+1);
/[Assign progenie
else
FMMatrix[xnode][children] = xRandom(((nodes-2) - xnode) +1);



totalchildren = totalchildren + FMMatrix[xnode][children];
} // end for statement

[***Constraint 2 - Last feature is mandatory ***/

FMMatrix[nodes-1][relation] = 1,
FMMatrix[nodes-1][children] = 0;

[FF***%x Ended Fill out FMMatrix *******/

if (nodes > 2)
fillOutCTCMatrix(); //Fill Out CTC Matrix
setFitness();
} /I End FM class constructor

In MAPDS FeatureModel class, the FMMatrix array stores the feature model tree
[1] and the CTCMatrix [1] array stores the feature model constraints for this tree. So that,

the chromosome is comprised by these two integer arrays.

== == - === 4,0,0r,0

= 5,0,0r,0

* Chromosome No. 0 6,0,Mandatory,0
== ========================== 7,0,Alternative,0
= 8,0,0r,0

C T C Matrix 9,0,Mandatory,0
e e ek e ek ek 10,0,0r,0
*R,56,21 | E,28,26 * 11,0,0Optional,0
Tk R < % 12,0,0Optional,0
Feature Model Matrix 13,0,0ptional,0
e ek ek 14,0,Mandatory,0
0,26,Mandatory,-1 15,0,0r,0
1,0,Mandatory,0 16,0,Mandatory,0
2,0,0r,0 17,0,0Optional,0
3,0,0ptional,0 18,8,Mandatory,0
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19,0,0r,18
20,0,0Optional,18
21,0,0r,18
22,0,Alternative,18
23,0,Mandatory,18
24,0,0r,18
25,0,0r,18
26,0,0ptional,18
27,18,0r,0
28,0,Alternative,27
29,0,Alternative,27
30,0,0ptional,27
31,0,0ptional,27
32,0,0ptional,27
33,0,Alternative,27
34,0,Mandatory,27
35,1,Mandatory,27
36,0,Alternative,35
37,0,0ptional,27
38,0,0r,27

39,0,Alternative,27
40,0,Alternative,27
41,0,Mandatory,27
42,0,0r,27
43,2,Mandatory,27
44,0,0ptional,43
45,0,Alternative,43
46,0,Mandatory,27
47,0,Mandatory,27
48,0,0r,27
49,0,Mandatory,0
50,0,Mandatory,0
51,0,Alternative,0
52,0,0ptional,0
53,0,0r,0
54,0,0ptional,0
55,0,0ptional,0
56,0,Mandatory,-1

*hhkhkkhhkkkhhkkhkhkkhkikkhkikkhkikkhkihkhkihkkikiikikx

In this sample, the FM has been converted in a chromosome which is created based
on 56 features on table 3 where CTCMatrix [1] contains two constraints: nodes 56 and 21
are mutually required and nodes 28 and 26 are mutually excluded for this particular sample.

The number of children in the node is calculated by extracting a random number
between the children sum and the maximum branching. In same way, the relation in the
node is assigned using a random number from O to three where values are depicted as,
0="Optional”, 1="Mandatory"”, 2="Alternative" and 3="Or". The position in the array

represents the feature number [1].
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The MUI chromosome

Given the space of solutions to our problem is found into the mobile user interfaces
set, the individual or chromosome is represented by a piece of XML code that runs as a
mobile user interface in an android user device. Even though a MUI can be represented in
terms of java code, the decision to use XML is due, XML simplifies the coding of mobile
user interfaces in Android and provides modularity by using descriptors for java code
pieces. By bounding XML elements to visual features in screen a feature model for a MUIs
family can be depicted. See figure 14 below.

>omponent] <?xml version="1.0" encoding="utf-8"%=
<LinearLayout ...
Instructions: Please tick one circle for each Bamf <l Comments Line Sample —=
statement below to show how much you agree or dk
disagree with it o hY <TextView ..
g =TextView ...
=TableLayout ...
Y =TableRow ...
IE-'l ,_? <TextView ...
Textvi
‘'oung people today do not have enough respect :T:xt\!:::
ffor traditicnal British Values 5
<Textview ..
FEATURES Sl
</TableRow=
- =RadioGroup ...
A. InstruE:tlc:-ns <RadioButton ...
EERS /gree Nethar Disagres Disagres B. Question Statement <RadioButton ...
strongly agree strongly C. Grade Scale <RadioButton ...
nor <RadieButton ...
disagres D. Set of 5 grades <RadioButton ...
=/RadioGroup>
E. Set of 3 grades AT
=/LinearLayout=
Fig l.a Survey User Interface Fig. 1.b Feature Model Fig l.c ¥ML Code

Figure 18. Feature model of SuervyComponentl

The chromosome prototype of ETHOM [1] to depict feature diagrams is used in this
research work to represent feature models of MUI, due it is the first approach found in
literature to depict feature models in terms of EC and it accomplish with the automation
concept proposed in this work for a SPL in terms of SEI [5].

The translation of Android MUIs written on XML code to FM chromosomes starts
by pointed out every XML label into a feature of the MUI. The chromosome is comprised
by an array that depicts the transversal feature tree and a second one that stores the
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constraints relations of the feature model, in figure 15 both are deployed for reference, the
ETHOM chromosome was introduced on Chapter 2.

The existence or not of a label exposes a feature on the MUI over the android screen
these approach helps easily link features with code components. The FM chromosome
according to ETHOM [1] can be depicted using two arrays, one for describing the
transversal tree and the other one for the CTC constraints.

As illustrated on figure 15, each node in the tree array contains the number of
children and type of relation of this node related to its parent. The four types of relations are
described using Ma = mandatory, Op=optional, Alt=alternate, Or=or-relationship, the CTC
array uses “E” for exclusion and “R” for requires.

According to ETHOM [1] authors, “generic encodings for evolutionary algorithms
were ruled out since these were either not adequate to represent tree structures (i.e. binary
encoding) or were not able to produce solutions of a fixed size (e.g. tree encoding), a key

requirement in our approach... [1]”

Caracteristica

droid="http://schemas.android.com/apk/res/android"
xmlns:tools="http://schemas.android. com/tools"

android:layout width="match parent"

android:layout height="match parent"
android:paddingBottom="@dimen/activity vertical margin"

android:paddingleft="@dimen/activity horizontal margin"

android:paddingRight="@dimen/activity horizontal margin"
android:paddingTop="gdimen/activity vertical margin"
tools:context=".DisplavMessagedetivity" >

10 <TextView
11 android:layout width="wrap content"

12 android:layout height="vrap content"

13 android: text="@string/hello wvorld"/>

14 |</Relativelayout> c). Diagrama de caracteristica FM que representa a la interfaz,
etiqueta XM y atributo representan a una caracteristica.

b). Cadigo XML generado por la interfaz

0 1 3 4 5 6 9 10 11 12 13 14

2 Tnteaz de Usuario Andioid TREE ‘ 10,Ma |O,Ma | QOp|O,Ma ‘ QMa‘ C‘,Op‘ 0.0p ‘ 0,0p ‘ 0,0p ‘ 0,0p| SJOp|O,Ma|O,Ma | 0,0p | QOp|

CcTC d). Representacion del FM obtenido usando el esquema de ETHOM

Figure 19. MUI feature model proposed on this research work and its translation to
ETHOM [1] chromosome

The fitness function on MAPDS
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ETHOM proposed measuring the fitness of a FM chromosome by counting
the number of backtracks required for an analysis tool to cross the transversal-tree, the
approach was discarded here.

In terms of this research, the goal is to look for the most fitted derived product
regardless the FM in question, to do this, it is needed optimizing the quality of the products
produced. The FM only needs to be created according to FODA.

In consequence, this work proposes evaluating the fitness function of a FM
chromosome by counting the number of XML elements and attributes in the MUIs. So that,
the optimization goal is the less number of elements and attributes of the MUl XML code
and therefore the less number of code lines required for coding a MUI.

The fitness function proposed to measure will be,

fay) =Y x+ )y

where f is the fitness function, “x” is the number of Android elements depicted by the XML
tags [5] listed on table 4 and “y” is the weight of every Android properties of each element
that can be listed on [7].

In order to illustrate the idea, the sample code below is showing how the fitness is
evaluated by counting relevant elements which are underlined.

By making calculations with the fitness function, the scalar gotten of the MUI
sample code is 94 Fitness sample is below.

f(x,y) = 16 (elements) + 78 (properties) = 94
The sample XML code is below,

SAMPLE CODE

<?xml version="1.0" encoding="utf-8"?>  ols"

<LinearLayout Android:layout_width="match_parent"
xmlIns:Android="http://schemas.Android.com Android:layout_height="match_parent"
/apk/res/Android" Android:alpha="1.0"

Android:orientation="vertical" >
xmins:tools="http://schemas.Android.com/to
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<!I-- Comments Line Sample -->

<TextView
Android:id="@+id/textView1"
Android:layout_width="fill_parent"
Android:layout_height="0dp"
Android:layout_weight="1.0"
Android:gravity="left"
Android:text="@string/instructions"
Android:textColor="@color/black" />

<TextView
Android:id="@+id/textView2"
Android:layout_width="fill_parent"
Android:layout_height="0dp"
Android:layout_weight="1.0"

Android:text="@string/quest_description" />

<TableLayout
Android:layout_width="match_parent"

Android:layout_height="0dp"
Android:layout_weight="1.0"
Android:background="#ffffff"
Android:shrinkColumns="*"
Android:stretchColumns="*" >

<TableRow
Android:layout_width="fill_parent"

Android:layout_height="wrap_content"
Android:gravity="center_horizontal"
>

<TextView
Android:id="@+id/textView4"

Android:layout_width="wrap_content"
Android:layout_height="wrap_content"

Android:layout_weight="1"
Android:text="@string/scalel" />

<TextView
Android:id="@+id/textView5"

Android:layout_width="wrap_content"

Android:layout_height="wrap_content"
Android:layout_weight="1"
Android:text="@string/scale2" />

<TextView
Android:id="@+id/textView6"

Android:layout_width="wrap_content"

Android:layout_height="wrap_content"
Android:layout_weight="1"
Android:text="@string/scale3" />

<TextView
Android:id="@+id/textView7"

Android:layout_width="wrap_content"

Android:layout_height="wrap_content"
Android:layout_weight="1"
Android:text="@string/scale4" />

<TextView
Android:id="@+id/textView8"

Android:layout_width="wrap_content"
Android:layout_height="wrap_content"
Android:layout_weight="1"

Android:text="@string/scale5" />
</TableRow>

<RadioGroup
Android:layout_width="fill_parent"

Android:layout_height="wrap_content"
Android:orientation="horizontal" >
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<RadioButton Android:gravity="center" />
Android:id="@+id/radioButton1"
<RadioButton

Android:layout_width="wrap_content" Android:id="@+id/radioButton4"
Android:layout_height="wrap_content" Android:layout_width="wrap_content"
Android:layout_weight="1"
Android:gravity="center" /> Android:layout_height="wrap_content"
Android:layout_weight="1"
<RadioButton Android:gravity="center" />

Android:id="@+id/radioButton2"
<RadioButton

Android:layout_width="wrap_content" Android:id="@+id/radioButton5"
Android:layout_height="wrap_content" Android:layout_width="wrap_content"
Android:layout_weight="1"
Android:gravity="center" /> Android:layout_height="wrap_content"
Android:layout_weight="1"
<RadioButton Android:gravity="center" />
Android:id="@+id/radioButton3" </RadioGroup>

</TableLayout>
Android:layout_width="wrap_content"
</LinearLayout>
Android:layout_height="wrap_content"
Android:layout_weight="1"

The optimization goal of the fitness function
Best solutions are those MUIs that meet the user requirements with the less number

of XML elements and attributes, so the optimization goal of this problem will tend to

minf(x,y) = Zx+ Zy

A second version of the sample code above that meets the same user requirements

minimize.

but with a lower fitness will provide same functionality to the end user. Based on that, a
sample second version of the five grade scale mobile user interface is showing below
together with its fitness function to validate this optimization approach, in this new one the

fitness is 60.
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f(x,y) = 50 (elements) + 10 (properties) = 60

Below code is the second version of sample code above of the MUI produced.

<?xml version="1.0" encoding="utf-8"?>

<LinearLayout xmlIns:Android="http://schemas.Android.com/apk/res/Android"
xmlns:tools="http://schemas.Android.com/tools"
Android:layout_width="match_parent"
Android:layout_height="match_parent"
Android:alpha="1.0"
Android:orientation="vertical" >

<!-- Comments Line Sample -->

<TextView
Android:id="@+id/textViewl"
Android:layout_width="fill_parent"
Android:layout_height="0dp"
Android:layout_weight="1.0"
Android:gravity="left"
Android:text="@string/instructions"
Android:textColor="@color/black" />

<TextView
Android:id="@+id/textView2"
Android:layout_width="fill_parent"
Android:layout_height="0dp"
Android:layout_weight="1.0"
Android:text="@string/quest_description" />

<RadioGroup
Android:layout_width="299dp"
Android:layout_height="wrap_content"
Android:orientation="vertical" >

<RadioButton
Android:id="@+id/radioButton1"
Android:layout_width="wrap_content"
Android:layout_height="wrap_content"
Android:checked="false"
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Android:text="@string/scalel" />

<RadioButton
Android:id="@+id/radioButton2"
Android:layout_width="wrap_content"
Android:layout_height="wrap_content"
Android:layout_weight="1"
Android:gravity="center"
Android:text="@string/scale2" />

<RadioButton
Android:id="@+id/radioButton3"
Android:layout_width="wrap_content"
Android:layout_height="wrap_content"
Android:layout_weight="1"
Android:gravity="center"
Android:text="@string/scale3" />

<RadioButton
Android:id="@+id/radioButton4"
Android:layout_width="wrap_content"
Android:layout_height="wrap_content"
Android:layout_weight="1"
Android:gravity="center"
Android:text="@string/scale4" />

<RadioButton
Android:id="@+id/radioButton5"
Android:layout_width="wrap_content"
Android:layout_height="wrap_content"
Android:layout_weight="1"
Android:gravity="center"
Android:text="@string/scale5" />

</RadioGroup>
</LinearLayout>

Each FM object has a property called fitness which stores the fitness scalar value,

this is implemented on FeatureModel class.

As a short overview, the fitness of a FM in terms of this work is defined by the

product with the minor number of elements and properties that accomplish all the user
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requirements, then the optimization objective will be to have FMs that depict families of
MUIs with less XML code.

The selection operators

Two selection techniques are used in this work to choose the best fit individuals for
reproduction purposes, both have proved to be efficient in literature [1], Rank-Based and
Tournament Selection strategies. MAPDS tool implemented sexual reproduction which

selects two parents for reproduction.
The Selection() method on ATM class depicts their implementation, the java code is

below.

public FeatureModel Selection(int op) {
switch (op) {

case 1: {
inti=1;
double sum=0.0,summy=0.0;
for (int j=0; j<=sizePopulation; j++)
sum = sum + population[j].getFitness();
summy = population[i].getFitness() / sum;
double ro = Math.random();
while (summy < ro) {
i++;
summy = summy + population[i].getFitness() / sum;
} /lend while
return population[i];
} //lend case 1

case 2: {
FeatureModel best, next;
best = population[(int) Math.random() * sizePopulation];
for(int i=0;i<=10;i++) {
next = population[(int) Math.random() * sizePopulation];
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if (best.getFitness() < next.getFitness())
best = next;
}

return best;
} //end case 2

} /1 end switch
return null;

} //lend Selection method

As illustrated before, rank-based selection uses the rank ordering of fitness values to
determine the probability of selection. Therefore, the selection process is separated of the
actual fitness values, with the advantage that the best individual will not dominate in the
selection process [11].

By other hand, tournament selection compares the performance of the selected
individuals picked randomly and the best one from this group is returned by the operator.
For crossover with two parents, the selection method is executed twice, once for the

selection of each parent [15].

Croosover

The crossOver() method in class ATM implements sexual reproduction. Once the
parents are selected one point of crossover is chosen, so that, the point of crossover is
common for both parents. Code below shows how the arrays are combined using the left
part of parent A and the right part of parent B, this approach was introduced by ETHOM
[1] for crossing features models chromosomes, the approach was adopted by MAPDS as a

starting point. Code below illustrates the implementation on MAPDS.

public void crossOver (int op) {
FeatureModel offSpring;

/** Select Individual for CrossOver **/

FeatureModel parentA = Selection(1);
FeatureModel parentB = Selection(1);
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offSpring = parentA;

[FF*FFFIFE CroosOver Point *****/
int crossOverPoint = (int) (Math.random() * (features -1));

/********* Croosover ****************l

for(int i=crossOverPoint;i<features;i++) {
offSpring.setChildren(i,parentB.getChildren(i));
offSpring.setRelation(i,parentB.getChildren(i));

¥

offSpring.printFeatureModel(60);

} /I end crossover function

Mutation

The main goal of the mutation is to introduce new genetic material into the
population [15]. Mutation is implemented on MAPDS using two of the four customized
operators introduced by ETHOM [1], only operators 1 and 2 that mutate the FM
transversal- tree array were incorporated in MAPDS. Constraints are not mutated. The
mutation operators were implemented on Mutation() method in ATM class. Below code

shows the implementation.

public void Mutation (FeatureModel FM) {
switch((int) (Math.random() * 3)) {
/I set a new relation
case 1: {
intactualRelation=FM.getRelation((int)Math.random()* features),newRelation=0;
while(actualRelation == newRelation) {
newRelation = (int) (Math.random() * 3);
by
FM.setRelation(actualRelation,(int) Math.random() * features);
} /lend case 1

/' It changes randomly the children number

case 2: {
int pos = (int) (Math.random() * features);
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FM.setChildren((int) Math.random() * features,(int) Math.random() * features);

end case 2

/I It change CTC type.
case 3: FM.changeCTCType(); --> Change
case 4. FM.changeCTCPoint();

} // end switch

} /I end mutation method

/Il Cases 3 & 4

public void changeCTCType() {
if (CTCMatrix[1][0] == 0)
CTCMatrix[1][0] = 1;
else
CTCMatrix[1][0] = 0;

}
public void changeCTCPoint() {
int newPoint = (int) (Math.random() * nodes);

while (CTCMatrix[1][1] == newPoint) {
newPoint = (int) (Math.random() * nodes);
}

CTCMiatrix[1][1] = newPoint;
¥

Infeasible individuals

Y

The repairing approach proposed by ETHOM [1] was implemented on MAPDS in

order to provide support for the correctness of FMs that depict families of MUIs. Then

individuals are repaired to turn them on feasible individuals, it means to avoid a

chromosome to be semantically redundant.

Briefly Operator 1 replaces relationships (or- and alternative) with a single child by

optional relationships. Operator 2 changes randomly the number of children of a node.

Operator 3 changes the type of constraint in CTC array. Operator 4 changes randomly the

source and destiny nodes on CTC array. Chapter 2 gives a full introduction to these

operators.
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Survival

Finally, the offspring considers a replacement policy by which individuals can be
inserted into the population. The approach is replacing the worst parent with the breeding,

if this one has a better fitness.

Configurator Class

The Configurator class is in charge of automatic derivation of products by using an
ad -hoc approach. The FM chromosome represents a set of feature combinations (product
configurations) based in the existence or not of a component, in consequence, a product can
be represented by a binary array and therefore an FM is a family of binary arrays, figure 20
illustrates this concept.

Product 1

INDIVIDUAL [t [1]1JoJof1J1fo]
Product 2

TREE — FMMatrix Array |Pr;dm|:t3“ JoJ1[1]ofo]o |

o [1]z2]z3]a4a]s5][s6] 7
Op,2 |or,1 [M,0 |or0 [alto [Al,2 [0 |op,0

Lt J1]aJaJ1Jofolu|

CTC Matrix
E3,6 |R6,7

Product n

Figure 20. A FM Individual and its derived products

So, a universe of possible products is found on the binary table comprised by the n
combination of products. For sample on figure 20, 126 possible products will be gotten
from this FM individual. For automatic product derivation, Configurator() class will test
each product in the pool of possible products (the binary table) to determine those
combinations that belongs to the family in question. This cycle is repeated for each FM
produced. Once the real products are found this class checks the resultant combination
complies the requirements needed to build the XML code and once this is done it prints the

XML file (MUI).
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In this chapter, it was introduced a method for automatic product derivation of
mobile user interfaces on XML language descriptor. A software prototype that implements
the methods used for automatic derivation based on evolutionary computation. In the next

chapter, results gathered from the tool are showing to demonstrate the validity of the model

proposed.
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Chapter 5. Results and Evaluation

This chapter presents the methodology used to evaluate the approach proposed for

automatic produce derivation in the context of this research and its analysis of results.

5.1 Evaluation
The research methodology is based on a quantitative approach by automatically

producing solutions that improve the number of lines in XML programs. The solutions
produced by the MAPDS tool are totally usable and were successfully compiled using the
adt-bundle-windows-x86 64-20130522 [31] provided by the Android community in their
portal. It was evaluated the optimization objective according to the fitness function
proposed.

The efficiency of this research was measure by the quality of the solutions provided
in terms of usability. Each solution responded to those requirements described in the study
case section in chapter 3. The MAPDS tool and the solutions produced by the experiments
were added as a complement of this document on electronic files.

All runs were performed on a computer laptop Toshiba brand with 6GB RAM and
Intel Core i3 processor to 1.90 Ghz.

Next paragraphs describe the two rounds of experiments to create these solutions,
basically, the experiments try to prove if the solutions improved the fitness, and therefore,
they minimized the number of code lines required.

Experiment 1 — Verification of the correctness of the MUI at the initial

populations.

The goal of this experiment is validating the generation of mobile user interfaces
that can be successfully compiled on ADT through MAPDS tool in order to validate the
automatic derivation method that was implemented in the Configurator() class. Thus, the

experiment consists of running the initial population and validating the XML products
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produced by compiling the XML codes in ADT.

In this experiment, it is tested the XML files obtained from all of the FMs in the

initial population, in order to determine the number of well-formed products that can be

produced randomly, and finding the best fitness at this stage of the process for later check

into the second experiment if the fitness is improved after using crossover and mutation

techniques.

Method -Experiment 1

The method is to run five tests and find the biggest number of products produced

and the best fitness. The table 5 shows the results gathered from the run of test which are

discussed ahead.

Table 4. Results from experiment 1

Exe Parameters Results

cug Initial  Featur Best 5- 3-grade Android Results

ol populati 'es Fitness grade tags from
on table 4

1 4,000 20 0 0 0 57 None MUI was produced
16,000 30 10 None MUI was produced

2 300 10 5 None MUI was

processed

3 300 20 47 266 2 275 products (MUIs)
300 30 ‘O 0 20 Lack of memory
300 50 0 0 5 Lack of memory

From this experiment 275 MUIS were produced using a randomly approach, the

best fitness gotten is 8. It can be seen of the total of the Android tags suggested on table 4

could not be processed with the actual computing resources. So the experiment is effective

only using two tags <TextView> and <RadioButton>.
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Experiment 2 — Verification of the correctness of the MUI after mutation

and crossover.
Products gathered from experiment 1 are the result of random combinations

techniques, for this reason in experiment 2, it is validated the optimization approach using
mutation and crossover parameters in MAPDS tool. The expected result is to get a lower

fitness and a bigger number of products.
Method -Experiment 2

Five executions of the process are tested using the same number of products from

experiment 1 and parameters in table below.

Table 5. Results from experiment 2

IT Selection Mutation | Executions Infeasible individuals  Fitness  Products
:;/l strategy probabilit  Number
y
1 | Roulete- 0.005 2000 Repairing 42 312
wheel
2 | Roulete- 0.0075 5000 Replacing 42 175
wheel
Tournamnent | 0.005 2000 Repairing 42 423
Tournamnent  0.0075 5000 Replacing 42 231

From experiment 2, it can be deducted that fitness is not improved due this is the
smallest fitness which can be obtained for code in the products of our study case for 3-

grade and 5-grade scale, it means 3 text view labels and 3 or 5 radio buttons.

5.2 Analysis of Results
A MUI gathered from experiment 2 is showed below to illustrate the approach.
However the number of products increase due the EA parameters which is a good result,

this will result in a bigger number of option for the final user.
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<?xml version="1.0" encoding="utf-8"?>

<RelativeLayout xmlIns:android="http://schemas.android.com/apk/res/android"
android:layout_width="match_parent"
android:layout_height="match_parent" >

<TextView
android:layout_width="fill_parent"
android:layout_height="wrap_content"
android:layout_marginTop="84dp"
android:gravity="left"
android:text="@string/Text X"
android:textColor="@color/black" />

<TextView
android:layout_width="fill_parent"
android:layout_height="wrap_content"
android:layout_alignParentLeft="true"
android:layout_marginTop="60dp"
android:gravity="left"
android:text="@string/Text X"
android:textColor="@color/black" />

<TextView
android:layout_width="fill_parent"
android:layout_height="wrap_content"
android:layout_marginTop="31dp"
android:gravity="left"
android:text="@string/Text X"
android:textColor="@color/black" />

<RadioButton
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:layout_marginLeft="44dp"
android:layout_marginTop="156dp"
android:checked="false"
android:text="@string/scale X" />

<RadioButton
android:layout_width="wrap_content"
android:layout_height="wrap_content"



android:layout_marginLeft="25dp"
android:layout_marginTop="62dp"
android:checked="false"
android:text="@string/scale X" />

<RadioButton
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:layout_marginLeft="37dp"
android:checked="false"
android:text="@string/scale X" />

</RelativeLayout>

After a second look into the results from experiment 2, it was found that more than
one product has a similar fitness despite of being different between them, a sample is
shown if figure 21 below. From this result, it can be found the problem is deriving to a
multimodal optimization due this is not a unique optimization goal. A sample of that are

two MUIs that are different only in the color of text.
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SurveyComponent1

@string/scale X

astrimg/Text X

FITNESS =32
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@string/scale X

[@string/ Text X

i@ string/ Text X A& |4ﬂstring.-’Texl. x EA

@string/scale X @string/scale X

@string/scale X @string/scale X

Nastring/Text X & [@string/ Text X &)

Figure 21. Sample of MUIs with similar fitness and different XML code.

As a result of these experiments, the correctness and accuracy of this model can be
proved by measuring the total of products that can be re-used and that were obtained from
production of a specific domain field exposed at the study case section. These requirements

accomplished those needed to build a MUI for a survey question.
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CONCLUSIONS

This dissertation proposed an automation concept in terms of AIT for SPL to model
the problem it was proposed a study case which is based on the domain of the online survey
applications to outline the requirements of a Production Line Software under this context.

Evolutionary computation was used for automatic product derivation purposes using
as reference the ETHOM algorithm in the context of automatic generation of feature
models. However, fitness function on ETHOM measures the feature model not of the
derived products, for this reason a new fitness function was introduced by this work to
measure the quality of the products derived. As a result of this, a total of 475 products from
scratch were successfully produced by using our prototype, many of them with same fitness
which derives the problem to a multimodal optimization field as a future work.

The objective to prove AIT in the context of automation in SPL was successfully
reached and the objective to provide with applications to the ETHOM algorithm as well.
We claim as future work, additional analysis to build these innovative mobile collection
data interfaces through practicing of software production lines. More characteristics of
mobile user interface can be generated by the MAPDS tool through this approach. The
visualization of survey data view is generally adequate to produce MUI re-usable by using
XML code. On this basis, and taking into consideration the basic user requirements, we
proposed an automatic method to do it.
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GLOSARY

Automation concept
Refers to a general approach of automation in software product line that will provide a

paradigm.

Automatic derivation of mobile user interfaces
Refers to the process of coding user interfaces for applications running in Android platform

with artificial intelligence mechanisms.

Mobile Android Product Derivation Software (MAPDS)
Software tool for automatic derivation of mobile user interfaces that implements

evolutionary computation.

Mobile device

Refers to an electronic device like a smartphone or tablet.

Mobile user interface
A software user interface in XML code which is reusable at applications running in

Android operating system.
Mobile domain

In terms of this research, mobile domain refers to the landscape of all those requirements to

build applications running in Android operating system.
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Desarrollo de Software basado en el paradigma de

F.‘im-as de Producion: Caso

de Estudio Software de Fidelidad para PyMEs

Catalina Calderon Garcia Francisco J. Alvarez
Unidad de Ciencias Basicas, Universidad Autonema de Aguascalientes
ccalderont2i@hotmail com falvariacorreo uaa.mx

Resumeén

Este trabgie presenta & reuliade de la re-
utilizacion obtenida medianie of procezo de analisiz de
requerimientos de wuma Limen de Produccion de
SoftwareilP5) para aplicaciones de markeiing de
Sfidelizacion basado e tavjetas. A mavés del use del
paradigma de la mgenieria de lineas de preduccion de
software podemos promover productes de hgie costo v
buena calidad dirigidor @ peguenas v medianas
emprezas  (PyME:zl gue represenian &  Sector
empresarial mas gramde del pais, dado gque esie
paradigma propone wha aiternaiva a o cosfosas
implementaciones ad-hoc de sistemas iformarices.

Nimerosos casos de estudio en o [veranura
documenian los benglicios del desarvello del cicle da
vida de la imgenieria de [measr de produccion de
rgftware. zin embarso no oncontramos  aguealios
enfocador al confexio de oz PyME: en ol mercado
mexicana. Por lo que esie trabaje aperta también un
caso de estudio enfocado al analsis de la ingenieria de
requerimientos de las lneas de produccidn de
software para las PyME: mexicanas.

Absiract

I paper presenis the reuls of the re-use
obamed through the requiremenis analysis process of
Saftware Production Lines (LPS) for loyalty markerting
applicanions. By the uwxage of software production lines
engineering. mexperzive and good gualiy products
can be promoied for small and medium enierprizes
(PyMEs), which reprezent the largest busmess secior
in ihe country, due this paradiem proposes @n
altanaiive to costly ad-hoc implementaions.

Even, mumerous cases gqf smdy in the neraiure
document bemgfits gf the dowlopment e ovcle
engineering saftware product mes, we do nor find
those focused an the comret af PYMEs m the Waacan
marker. 5o this paper provides a case smudy alzo

Jocused fo sgftwre requiremamilz  enginedring  af
saftware production ines for Mecican PyMES.

1. Introduction

En Mewico mas del 90% de lac empresas son
Pequetiaz v Medisnas Empresas conecidss como
PyMEs' las cuales generan mas del 70% de los
empleos del pais. Estas enfrentan a grandes ratos para
su  supervivencia entre elles la  dotacion  de
imfaestuciura  informatica adecnada. Dads  su
namraleza lzs PyME: no pueden lidiar con costosas y
largas implementacionss, que suponen los deszmmollos
adhoc, dado gue estas eIMpIESEs CHOEDIAN CON POCO
personzl ¥ presupuesios limitados.

El paradigma de Lineas de produccion de Software
(LP5) pusde proporcionsr una respuesta & la demanda
de software en este sector, va que a maves de
mecanismos de re-ufilizacion se puede producic
coftware 2 bajo coste vy basado COMPOTenies
(zoftwars modular). Asl uns empresa mo tendmia que
instalar una solocion complets sino sole aguello gue
necesita v 4 medids que cTece incTementar su base de
sofwrare nstalads. Oiro beneficio importante es que La
PyME z2 ve beneficizds del dominie de conocimisnto
gue la LPS aborda, va que el software producido por la
LPS ademas de pressntar un espectro de soluciones
para el dominio increments su conocimiento a traves de
las lecciomes aprendidas de omos proyecios, en esie
aspacts los sistemas adhoc son limitados ¥ sin mas en
el area de las PyME: gue no pueden pagar por srandss
grupos de especialistas que pusdsn snalizar sus
procesos v odar recomendaciones.

Acsl inicismos nnestro estudio haciendo uwm poco de
historia v presentsndo sl contexto de éste inferesamte
pamdlgna

El témino de lineas de produccion de softwrare fue
infroducide completamente en la década de 1900 como
rasultade de la exploracion en el concepto de cemfrarse

1 FUENTE: INEGI hip:vwewer. inogl.org.ma



en un domimio especiffco como unm Base para
desarrollar actives reutilizables. Una de las primeras
contribuciones fie la descripcion del metodo de
Analizis Orientade a Caracteristicas de Derminio
conocide por sus siglas en siglas come FODA[L] La
diferenciz fimdamental enrre el desammolle madicional
de un sistemna dnico ad-hoc v LPS es wn cambio
findamental de enfoque que implica sobre todo um
cambio en la estratepia de desarrollo: desde la remnion
de negocios estratégica del proxime contrato ad-hoc a
una vision estratégica de desarrolle de software
enfocado a un campo de pegecio. La ingenieria da
linezs de produccion de soffware se basa en uma
distincion fandamental enfre el desamrello para la
reutilizacion ¥ la idea del desarrollo con rewtilizacion
de los sisternas tradiciomales. La rentilizacion abarca
todos los acdves gue som relevantes al completo
desammolle dsl ciclo de vida del sofrware La clave del
paradigms de LPS es el propocionsr herrsmientas para
el manejo v dismimucidn de la varisbilidad de la
reutilizacion cuando mueves requerimisnts dal clisnte
son generados. 2]

1. Definicion del problema v contribucion

Loz benefidos de la ingenieria de liness de
produccion de software son muchos ¥ hien
dooumentados por Dnporantes casos de esmudio en
todo el mumde ¥ tedo tpo de organizaciomes, de los
cuales para efectos de muesto Tabajo es Importanie
destacar: (1) un sbaratamiento de los costos de
fabricacion de los productes de sofware dado el
enfoque de desarrollo para rentilizacion @ partir del
desammolle de fes aplicacionss[2]. (1) mejora de la
calidad del producto final debido a procesos da esting
mis exshustives ¥ (3) una mayer calidad de los
TEqUeTINIENIos YA gue eitos no 32 obtensn de una
reunion con un cliente especifice sino de un campo de
dominiey de productes lo gque hace gque s vean
beneficiados de lecciomes aprendidas de  omos
provectos similares. 5in embargo a pesar de los
benaficios, los retos que implica la creacion de hneas
de produccion de software tambien son mmchos un
enfoque mal aplicado del paradizma puede conducir a
generar demasiades acdves rendlizables que no sean
aprovechados, o gue & le de una complejidad gramita
a un producte dado el amplio campo de reguenimisntos
gque pudiera tener un dominie, sumande oTos Saciorss,
como &l extenso marco metodologice v la compleja
estruchura per 6 de los productos de software hacen
gque 0o abunden las lineas de preduccion de software.

Sin embargo, la coeencia gue dada Ia baja
complejidad foncional de la familiz de productos de

sofrware enfocados a PyME:s a desamollar pudiera
facilitar la implementacion de 1z lmea de produccion,
dic motivacion a este msbajo donde mmaesta
contribucion consiste en este primer analisis de los
requerimrentos de una lmea de produccion de soffwana
parz el desammolle de soffware de fidelidad basade en
tarjems con el objetive de poner en el fumro al alcance
de las pequelss v medisnss empresas, software a bajo
Costo.

3. Analisis del requerimiento de la linea de
produccion de software

La ingenierta de Imeas de produccion de software
comprende dos ciclos de vida la mpenieria de
dominio y la mgenieria de aplicacion. La primesa es el
cicle de vida del gue resultan los acoves commnes que
juntos formean 1a plataforma de la linea de produccion.
Esta tambien es responsable del alcance de la linea de
producte ¥ asegara gue la plataforms dene la
variabilidad que es pecesaria para soportar el alcance
de productos necesariey dentro de la estrategis de
mercado planeads pars |z administracion del producto
final, para logralo esta se vale de la ingsniena de
requerimisnto de dominio. [2]

Por otto lado, el ciclo de vids de analisis de
requeritrientos de aplicacion, especifica un producto
pariicnlar, donde los requerimientos vienen de wm
grupo de difersntes benefictarios de este products. En
este punto el analisis de varisbilidad v comumalidad es
uns hemamients uil para elicitar este tpo de
requenmisntos[2] v poder determinar las pares que
puede obfenerse por renso vV aguellas gque deban
desarrollarse por omos medios.

De tal manera que el analizis de reguerimisntos de
la linea de produccion de software lo determina los
requenmisntos del domimio v los requerimientos del
producte particular 3 producir, va que los segundos
reroalimentsn A los primeros para ampliar el espectTo
de problemas que sborda la lines de produccion da
soferare.

3.1 Analiziz de requerimiento: de la ingenieria
de dominio,

La ingenmeria de requenmientos del dominio,
represents el proceso de crear v adminisoar los
requerimisntos para la argquitectara de referencia ¥ @
implementacion a traves del sepuimients de cinco fases
basicas: elicitacion, documentacion, Regociacion,
validacion v verjficacion y adminizsiracion. [2]



El comazon de muestro frabajo lo coastituyve la
aplicacion de las fases 1 v 4 para el desamollo del
modelo de dominio v el disgrama de carcateristdca de
la linea de produccion propussts Las fases 2.3 v 5 se
llevaron a cabo de maners ciclics pero son obviadas en
este arficulo para concenframes en la descripoion del
modela.

FASE 1 - Elicitacion de requerimientos. La
elicitacion de los requerimientos dentro da la inganiesta
de domimie consiste en el proceso de recabar las
necesidades de los uswarios v omes mwolicrades en el
proceso de analisis v disefio para desarrollar unma
plataforma gque confmoyve un amplio momere de
productos de una misma familis.

El descubrimiente ¥ la explotacion sistematica de
elemenios comumes en tedos los sistemas relacionados
a la familia es un requisito témice Sindamental para
lograr con exite la reutlizacion de software. La
metodologia de Analisis de Deminio Ovientada a la
Caracteristica v conecida por sus siglas en ingles como
FODA[2?], es una técmica que se pueds aplicar para
cumplir con aste requisito. Mediznte el examen de una
clase de sistemas de software relacionados v la teoma
subyacente comin de esos sistemas, el analisiz de
domimie pueds proporcionar un maodelo de referencia
para la descripcidn de la clase. Puede proporcionsr
fambién uma base para 13 compremion ¥ la
comunicacion sobre el espacio del problems sbordado
por el software en el dominio ¥ en ultims instsmcia
puede propomer un comjumty de enfoques
arquitectomicos para la implementacion de mevos
sisternas. El meétodo para ejecutar un analisizs de
dominie consiste de tres etapas: analizic del consexto,
gque establece los limites del dominio, medelade del
domimig, que describe el espacio de problemas que son
abordados por el dominio ¥ modelade de la
arquiteciurg, que red 13 arquitectora de sofiwrare que
implements una sohicion para cada problema en el
dominis. [1]

Prara imiciar este esmdio el alcance del confexto esta
delimitado por el marketing de fidslizacion basado en
tarjeias, que 8 define demmo de la lteramra[3] comeo
un enfoque de marketing de lealtzd que hace nso de
uns tarjeis para fodas |3s TAnsAacciones DecesaTias en
el programa de lealtsd E] marketing de Sdelizacion se
define como parte de la gestion estratépica, en la que
uns empresa e cenfra en el crecimiento v retencion de
los clientes existentes a fraves de incenfives o
Tecompensas.[3]

El dizefio del dominio objetive de nuestro trabajo,
se basd en seis tipos de ssceparips de programas de
fidelizacion basades en tarjetas que fueron obtenidos

de la lierstura, [4] los cuales se detallsnm a3
continnscion.

a.- Simples siztemaz de puntos acumuladoes. Este es
el método mas conman de programa de fidalizacion. Los
clientes Secusnies Tanan pUNios poT COMPTE, QUe 5
traducen en algin tipe de recompensa. A estos puntos
se dene acceso mediante la tarjem del clisoe 51 se
trata de un descuento, un regalo de promocion o um
trate especial al cliente, los clientes frabajan pars uma
cierta cantidad de pumtos por la cual canjear su premio.

b.- Siztema de niveles para recompensar la leaload
infcial ¥ alemtar a ma compras. Encontrar wum
equilibrio ene los beneficies alcsnzables v dasesbles
g5 un reto para la mavoria de empresas gue
implementzn programas de fidelizacion. Una manera
de combafit esto es poner en practica un sistema
ezcalonado. Offecer pequefiss recompsensas COMmo 1mna
oferts base para formar parte del programs ¥ snimMEr 3
los clieates, sumentindo el valor de los beasScios
moviendase hacia smiba en la escala de fidelidad
tambien syuda a3 obfener recompensas en coros
periodos de tismpo.

.- Cargar una camfdad por adelantado para
obrener bengficior FIP. Este refiere a aquelles
programas gue dan beneficios adiciomales a los gue
clientes que pagan una cwets al inicie del programa o
algim tipo de sarvicio prepago.

d- Sizemuas de doble-precio. Estos programas
PropOTClonan precios especiales a aguellas persomas
que adquieren una tarjeta o la obtenen a traves de una
Tecompensg.

&- Arocigrse com ofrg empresg pard  presiar
semicios fode meluido. S0n prozramas gue Smiman &
aliznzas estratégicas para incremenat 1a base de clisntes
v s lealtad va gue ums empresa puoede ofrecer
bensficios mas zl13 de su propia capacidad ponisndolo
por dalante de competidores en &l mismo sector.

Die Ia sintesis de estos escenarios determinamos los
requeritrientos de soffware especificos del dominio el
resultado se presents en la Figura 1 ¥ a continnacion
mosmamas el contexto de los conceptos presentados en
el diagrama.

Tarjere Lz mareta fmmciona como el medio de
identificacion del clients. contiens un codigo gque
identifica al clientes 3 traves del proceso. Sa diven en
tarjems

FIP, aguellas gue medianie una couwta micial anmaal
propOTClonAar  Servicios o bienes preferenciales sl
clienta.

FPrecargo, aguellas gue compras servicios a precios
preferencizles por adelantado.

Estandard, identifica al cliente solo como parte de
un programa de fidelizacion



Meoter de analisis de dares. Pepressat un modelo
de analizis de datos estadizificas que ayuds = definor
las tendencizs que dirjjiran los omevos programas de
TECOMISNEAs.

Compra. Indica ] proceso de compra.

Pumigje. El total de puntos soommlades por clisnte.

Recompensa. Indica una recompensa que & obisne
cuande el clisnte oumpls ciertas reglas asocizdas a o
[IOETamaE.

Caralego. Identifica el tipo de 1s recompensa.

el

Monerarias, gque regresan wun valor a fraves de
desmuentos, precios prefereciales, eic.

No monetarias, estas son aguellzs asocizdss 3 un
programa benefico o gue dan servicios al cliente como
getams, Sic.

LerviciosFIP, estas e obtienen 3 faves de alianzas
esiTatemicas COL OTAS Smpresas.

FPrograma. Determina el fipo de programa de
fidelidad bassdo en los escenanos snferiommente
descritos.

Reglas. Indiczn las reglas de operacion ssociadas al
programs.
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Figura 1. Diagrama de dominio -Marketing de Fidelizacion

FASE 4 - Validacion de los requerimientos del
dominio. La validacion del requerimients se realizo a
partir del analizis en la Figura de doade obtenemos el
dizgrama de caracteristica conocide en la metodologia
FODA por sus siglas en inglés  “feanoe model " de 1a
Figura 2 el cual tiens como objetive la comprension
del espacio de requerimientos de la linsa de produccion
de sofrware de fidelizacion basado en tarjetss,

Hasms azgqui bhemos definide wn conjuoso  de
caracterisiticas que derin forma a3 los  diferenmtes
productos para la familia de soffware de puestoa lines
de produccion a la gue e ls dio el nomboe
“SPLfidelizacion”

En laz sigwiente secciones, mostmamos el
requerimiisnto de la aplicacion especifica de nuestoo
caso de estudio, v hacemos el analisis de variabilidad v



comunalidad para determinar el grado de rewtilizacion
del 1a aplicacion solicitada como resultado del estudio.
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Figura }. Diagrama de caracteristicas de 1z familia de software de fdelidad orientzdo a tagjetas

3.2 Analizsiz de reguerimientos de aplicacion

La sepunda parte del snalsic de requerimientos de la
lmea de produccion comesponde 2l analisis de los
requerimientos de la aplicacion o producte de software
a desarrollar, para la obtencion de requerimientos con
el usnange final'cliente.

Muesitro caso de estudio lo conforma la PyME
Carmme Foel Injection v su necesidad de un sistema da
computo para el confrol de su reciente programa de
fidelizacion de clientes basado en tarjetas.

Carnume Fuel Injection se dadicada a la reparacion v
mantenimienty de vehicules automotores con uns base
aproximada de 300 clienfes, como parte de la
ampliacion de su oferta de servicios pondra 2] alcance
de sus clientes una tarjets de proteccion de visje conla
cual ellos podran sdguiric servicios prepagados de
proteccion en el camine a precios preferenciales v a su
VEeZ femer acceso 4 uns lmea de promocionss para
clientes distingwides conforme a cads compra. El
estado de cuenta de dichs tarjeta sera comsultado a
traves de la pagina WEB gue ahora se sncuentra en
lmez en www car-fume com oy, Car-ume cuenta con

unz plantilla no mayor a 10 oabajadores en un solo
establecimienty en la cmedad de Apuascalientes
Mexico.

Una de las etapas mas dificiles durante este proceso

de snalisic de requerimientos fiue la conceptualizacion
del producio de soffware reguerido por la PyME. ya
gue la base de requerimientos proporcionads por la
PyME es mory escuets, o oual es de esperar, 1z PyME
0o Cuents CoOn reCurses para poder imweniir o um
estndic de marketing Ooo problems es gue oo
contamos con una linea de produccion previa, por lo
que no tenemos activos para rentilizar. Es asi que el
Teto es crear una familia de productos que debara tener
uns vision de crecimiemte fuhme a mave:s de la
experiencia de la historia de produccion, pensando en
unz infraestructura que podra ser moldeada conforme a
la experienciz de la adaptacion de mieves productos
dentro dal dominie. En la signiente secciom se muestsa
el apaliciz de requerimientos ¥ como e aborde la
problamatics anteriommente expussts,
, este caso de estudio se presento en la secciom 3. Sa
aplicaron una serie de enmevistzs gue dieron como
resultado la foncionslidad esperada del sistema de
acuerdo a las expectativas de la PyME en la Tabls 1.

Tabla 1. Bequerimientos funcionales v de sistemna de la aplicacion de software del caso de esnadio

# | Reguerimismie Funcional #

Requerimiento del safhware

un codigo de barras para identificacion del

1 |Actvary dessctivar tarjetss preimpoesas con | 1.1 Crear uns fancion para dar de alta la tasjets en el sistems a
traves de lesr el codizo de barras en ella,

clisnfe v sus movimientos en el sistema.

1.2 | Crear una fiuncion para dar de baja la tarjeta v evitar que se
siga usandoe. El historial de compras del cliems se
mantenisne como estadistica en la base de datos del sistema
Diasactivar la tarjets en el sistema a traves de leer el codizo
de barras en ella.

[ B

La compra de la tarjeta debera contener un o |2.1 | Crear un modulo para activar servicios prepagados a la




varios servicios vo articalos de acuerdo al cuents del cliente
monio de prepago. Ejemplo: Semvicio de 32

Gria o 10 litros de Gasolina.

Drebera crearse en el sistema una interfaz para la creacion v
acmalizacion de los servicios, armicnlos v promociones gque

participan en los diferentss programas.

51 32 hace mna compra el sistems sbona un punizje a la
cuents del clisnte de acuerdo al tipo de servicio.

3 | Agregar muevas promocicnss en el soffware |3.1
serim 13 conveniencia,

Crear un modulo para ingresar mievas promocionss

4 |Los clientss deberan poder ver el estado de |4.1
515 tarjeta a traves del sitio de la compatiia_

Agrezar una seccion de consults en 1z pagina web del sitdo
para solicitar un reporte con el historial del cliente, usando
el codigo de bamras de 1= tarjesa.

L%

Enviar una felicitacion de cumpleafos al (5.1
cliente que serd recibids en su calular.

El zistema debera enviar un mensaje via celalar al cliente al
dia de su cumplesfios con o sin promocion

De I3 misma forma se produjo un conjunio de
resmcociones del soffware que se presents en la tshla
E e

Tabla } Besmicciones

= Fequerimiento del producto de softocars

Bl |El sistema no debe imprimir las tarjetas.

B! |Mo debera hsber tarjetas sin servicio prepago
asocizdo.

B3 |Los servicios prepago Do asignan puntos 3 la
tarjeta.

B4 |Las promocicnes dsberan tenar un tiempo de
caducidad.

En la siguients secciom, las Tablas 31 v 3.2 son
reinterpretadas  en  termines  del  espectmo de
requerimientos de la lnea produccion que mostramos
en 1z Figura 2, a fin de determinar la fimcionalidad que
gque puedes ser absorbida por el modelo de la linea de
produccion de softwars v determinar el porcentaje da
reutilizacion.

6. Besultados

Como resultado de este irabajo obbtmimos um
diagrama de caracteristica -Figura 2- usando la
metodologia FODA  El cual produce una familia de
sofware de Sdelidad onentdo = tagetas. La valider ¥
exacimid de este modelo la comprobamos midiendo el
grado de re-utilizscion que se obtene s partr da la
produccion de uma aplicacion especifica, este
requerimientos se explice e la seccion 5. De tal forma
gue un analizis de comumalidad ¥ varisbilidad entre al
dominio v la aplicacion, en 1la Tabla 1 podemos ver .

Los primeros tres requerimisntos estan cabiertos por
las caracensocas 1.2 3.4.4 y 41, de tal forma que un

submodelo de caracteristica para la aplicacion del caso
de esmudio se presents en la Figmra 3. De los B
requenmisntos del cazo de esmdio § son cublertos por
el espacio de requerimisntos ds 1z linea de produccicn
de software dos son caracteristicas mary ad-hoc al
PvME, obfmwimoes un porcentaje de re-wtilizacion del
T5%% de los requenmientos del caso de esmdio.
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Figura 3. Dizgrama de caracteristicas de PromoSoft
7. Conclusiones ¥ trabajo future

Este primer ensayo propone la concepmmalizacion de
los requerimientos de unma ILmes de Produccicn de
Software destinada a la fabricacion de productos de
soffwrare de Sdelidad pwestro case de esmdio esta
bazado en wma PyME 2 fin de demositar que dicho
paradigma enriquece las aplicaciones orientadas a este
sector como file muestra posicion inicial. Las PyMEs se
wven beneficiadas del conocimiento proporcionads por
el dominie subyacenie en el campo de requermisntos,
por oo lado las empresas gue fabrican softecare para
este sector pueden verse beneficiadas por la reduccion
de los costos de desammolle gue comprueba La Literatura.
[

Hasta aqu pudimes demostar gque exista um
porcentsje de funcionalidad chuerta por la lmes en el
purc snalizis del requerimiento de la seccicn de
resultados pero hsbra gque hacer wms sepunda



demostracion a partir del disefo de las anquitectura
asociadas por lo gue como mabajo fubore deberemos
disefiar la infraestractura de la platsforma para hacer la
implementacion de produccion de componentes. En un
tercer estudio, sera interesente ver |z codificacion sobra
alzim tipe de platafonma abierta v orentada a
COmponesntes, pard maniener siempre el enfoquoe de
costos bajos que las PyME: requieren, como podria ser
JTavabeansma

Almumos conceptos que quedan tambien abjertos ala
experimentacion son el de 1z calidad. va que al ser asta
una linea de produccion fal ver enfoques que se
utlizan en otras lineas de produccion de mamnfactura
pueden ser retomados comeel de Total Cmaliny
Management (TOM), el onal poeden ser aplicado a
traves de la relacion oque pusde darse entre re-
usilizacion ¥ el cicle de vida del control de la calidad.
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Absztract

Mobwle Darg Collecion or Mobile Sumegys s a
growing frend qf data collecion where a survay form,
application or collection tool iz on a mobile davice
such oz a Smariphone or g Tabler By using an onling
plagform  data  pathered can be  reirieved and
processed. This dava collection irend iz growing due
low costs and short fmes needed for applying a survey
compared o radintonal methods, which are baing
replaced by web survgys rapidly. So that the first
onling commearcial surys plagierms thar provides
mobile capabilities amd o foral customer business
integranion through 504 are appearing info market m
order fo deliver on-ling survy services. In this contax,
our confibution iz to provide a Semice Oriented
Architecture (504) for an On-line Sumasy Darfa
Collection Plaghrm through mobile computing.

1. Introduction

According to the World Bank in 2012, there are
about six billion mobile subscriptions in  use
worldwide, about three guarters of the world's people
now have access o 3 mobile phome In some
developing countries, more people have access to a
mobile phone than 3 bank account, elecmicity or even
clean watsr. Mobile commumications now provide great
oppormities to advance hman development, from
baszic access to informston and educaton bealth to
make cash paymenfs to encourage paricipation of
citizens in democratic processes[2] Along with the
technological mobiles base growth, the moressing of
functionality of Smamphone devices in recent years
hsve given mse to an explosion in developing
applications for this sector. One sample of that are
Miobile Survey Pladonns which ke advantzges of the

on line datfa meatment too. Online (Internet) surveys ana
becoming an essential research tool for a vanetry of
research felds, incloding marketing, social and official
statistics research. According to ESOMAR' online
survey research sccoumted for 20% of globzl data-
collection expendiure m 2006.[3]

The methods involved in survey data collection are
any of 3 number of ways in which data can be collected
for a statistical survey. These are methods that are used
to collect information from 3 sample of individusls ina
sysiematic way. First there was the change from
traditional paper-and-pencil interviewing (PAPT) to
computer-assisted interviewmmg (CAT). Mow, face-to-
face surveys (CAPT), telephone surweys (CATI), and
mail surveys (CASL CSAQ)) are meressingly replaced
by web surveys.[1] The mobile devices offer mnovative
ways to gather data regardless of time and location of
the respondent. Apart from the high mobile phone
penemation, farther advantages zre guicker response
tmes and the possibility fo resch previously hard-to-
reach target groups.[4] An advantage of nsing a mobile
device for data collection is to gather information more
discreetly if needed For example, am observation
survey could be performed on 3 smart phone or tablet
mstesd of a clipboard or stack of surrey papers.

2. Problem definition and contribution

The novel online apps scenarios lesded by clond
computing and web services are pushing organizations
to claim for a tofal business services and technologzy
infegration, where surveys provider plafforms can be
integrated into business workflows in order to enhance
ourvey operztion and gquality information. Samples of

! The Furopsan Socioty for Opiniem and Market Baoscarch
[ESOMAR) & the world association for market, social and opinion
Tessarchars



that are commercizl plaforms like “CheckBox™,
“Cuestion Pro™ and “MExplorer” which offer a survey
bosiness pordolio that mclodes mobile and web
services wunder 3 Software Orented Architecture
[0A).

Smce  S0A-Mobile survey platforms have
appeared in recent years, none srchitecnre model has
been proposed by which desizmers and architects can
take advantage in order to start new endesvors of a
model] that can be improved by lessons leamed. 5o that,
thiz work proposes & Service Omented Arch for a
Mobile Swrvey which provides extended faciliies in
compariscn to those proposed by commescial vendors,
addressing the problem of a rich mobile user interface
replacing the regular uwse of a web browser user
interface in the mobile device by a XM based-on
client which consumes native fimctions, what will be
provide sn enhanced user experience. By isolated the
mobile user inferface facilites, it can be absacted on a
component that can be produced under soffaare
production lines approach.

In mpext secton, we inmoduce Iequirements
gathered from a basic on-line survey scenario,[2] which
we have added our mobile fonctionality model over the
mobile client side, in order to provide the mobile data
collecton infroduced previously. Fequirements have
been divided inte functionsl & pon-fonctional so that
we can describe them clearly oo the arch design
proposed on section 4.

3. Functional & non-functional
requirements

In mobile survey comfext two basic roles ame
taking place (1} a surveyed, who is the person or group
of people that solved a swwvey form in the mobile
phone, (2) surveyor, who crestes and ransmits 3 survey
formn, specific fonctional requirements are writien oo
takle 1.
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Fig. 1. Mobile survey platform functional
Tequiremnents

Table 1. Functional reguirements overview
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Diescription

Surveyed must mun a client applicadon over a mobile |

device.

The mobile client application must provide the look

and feel of a natve wser inferface.

The mobile user interface should request o recocd
'ed identification data oo a cenftral SifOry.

The survey form oo the mebile clisnt must be

customizable via a web service and it should be stored

0o A ceniral repositary.

Surveyer should o be provided of a nurvey frmatting
tool accordingly.

Any formatting tools should be accessed via WEB
rowser.

A mecharism for authentication against the database
should be provided.

A subsystem model on Figore I was developed
based on fimctiona] requirements on Table 1, in order
to recopnize the fonctional wmits &5 soffaare
components, which will bhelp to idemtify views and
services that our arch shonld deliver.

From fiunctonal requirements four subsystems
have been defined, each ome will depict om a
component by itself theat will be included on our S0A
mobile survey platform.
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Fig. 2. Mobile survey plationm finctional subsystems

The objective and fomndstion of every ome
component s showm below and ifs melstons and
interfaces are shomm in detail on secton 4.

1. Mobile User Interfoce (MUT. It represents a
mobile wser interface wiew component that inberacts
with the sorveyed to display the survey form to be
solved. Fonctional requirements FR1, FR.2 and FR3.

2 Swrvey Configurator Service (3C5). Fepresents
1 web service in S0A terms that provides the
fimctonality requested to create a new survey formuat.
It interacts with the SwmvegpForm Confeuraior Urer
Inrferfince. Functional requirements FE4, FR5.

3 SumvgeForm Confipurator User Imterfuce
(SFCUT). It represents an HTML view that is presented
to the surveyor to interact with the Confieuraior
Sermice. Functiomsl requitements FES and FE7.



4. Data Repoasttory. It confains the survey data.
Functional requirements FE3 and FE4.

Following the requirements snalysis process to
bmild a software architectore,  noo-functional
requirements are infroduced on Table 2. They meet
those needs that according to Sommerville[5] may
affect the owverall architecture of a system rather than
the individnzl components inside this conbext,
Sommerville have classified non-fimctional
requirements in three mam lines: “pooduct
Tequirements”, “organizational requitements”  and

“external requoirements”, fior 4 pracdcal effect over our
50A arch we have decided working “product
requiremeants™ cnly, and left organizationa] and external
non-fimctional requirements for future Implementations

Secarity|§]

| corectly.

Having an muthentication and authorization
mechanizm agairst the single dafbase of
ientities (standard LDAP v3), on which
baz a directory semvice m which all users
will be comsolidated.
Having a mechamism registration [ de-
regsmation of web services, Hmitng the
search of services o those registered by
authorized entites.

Having an authenfication mechanism
between the service prowidsr and the
APPLICANT, services limited fo using
only known sources
Having a lepifimizing mechanism requests
by authorized enfities
Having a mechaniom alerts in case of
faihme: Include in the progam code

of our arch model on real life. mechanisms fo AP emors in mnsactions
and send them to a cemmal kg of the
Mamtenan- | Within the “release document” inbegrats
Performamce | The respomse of the mobile user interface e | preventive maintenance activities.
should oot excesd 15 seconds m each The sehrtion should provide a mechanism
ransaction o reuse the different component
Design The scluition musst be scalable under the Partability I'hesu}mimmusr[lmlideam::huismfm
comsiraings scale-up strategy (Add more msomces o
the server) initially and then scale-out (add ‘rﬂmpmmdeaplatfmnfmgmmhnfﬂle
more SeTVers) a5 processing needs. mstalled base in the same operton
The solution should have low coupling and scheme
the ability i easily edit the parameters that The sofution must provide a mechanism for
are  considersd dymamic and  require srowth of the business areas.
—_— Jaguent chanze: Escalability | Growth should include requirements for
Awvailability | In the event of component &J.‘ru:e. there internal and external users.
should be no loss of information
:—'rs_sﬂhm?ﬂ Eh?ﬂmfm“ - Non-finctional requirements also helpsd uws to
Given fhe Gallue of e pplicaion, Bere| Co0ms mother SOA techolmy Sefwitions md
mmest be mechamisms that inchade disruption mu:ﬂ::lle device lmitations which are exposed in mext
of tmmactions for thes=  completed secCion.

4. Service oriented architecture for a
mobile survey platform

Service Omented Architectare (50A) iz an
architectural paradizm emergemt that sllows: to
organizafions share resources A5 SETVICES  ACTOSS
different bmsimess processes and s technological
domains, wnder a low coupling approach In this
context spplications are modularized snd every single
piece operztes as Iesource by eXposing an interface of
capabilides that can be consumed for intermsl or
externzl requestors. This is possible due the adoption
of standsard profocols, XML based, like Simple Object

Arcess Protocol called SOAP, which addresses
petitons throuzh meszsage which pass betaresn different
hardwrare and software resources. Some sdvantages of
504 includes code reuse and infrastmocture, third
party components consumpion, software snd hardware
a5 3 service snd security mcreasing thanks to a layered
architecmra.

A mobile data collection plagfiorm 504 is
remarkable in order to pursuing 3 conumon framework
that reswmes the diversity of technologies mvelved in
Molbile Platforms and address another limitstions in
mobils devices, a5 noo-infense computsfional tasks,
limited memores, siorages and screen sizes which



could take advantmpes of the distributed computational
resources over the network.

The 50A for a mobile survey platform noodoced
on this work was crested om a SOAP-bazed web
services spproach and since dafa needs to be gathersd
fromn different sources, intermediate layers are mvolved
to creste 3 component based fTamework according to
S04 principles. Figore 3 shows the imtersction
between layers and depicts our S04 for a mobile
survey platform.

Service Oriented Architectures for @ Mobile Survey Platfonm

Feeare

; Bhaidy Lrer ifpdgr (U AR ESH

b 5

Cacha e |

Lecn
—1 S

Craseswtbng

Irdrasbructura
Derphomr [ e

Fig. 3. Service oriented architechme for a mobile survey
platform

Five layers along the architechure with an
Enterprise Service Bus (ESB) have been defined in
order to meet with S50A desizn principles and specific
functional and non-fonctionsl requirements of 3 mobile
survey platdform on section 3, as well The goal and
foundstons of every layer 15 explaned in detsi] below.
4.1 Prezentation layer

The presentzfion lzyer keeps the wmser imsrface
components at the top of the platform According to
oUW Component spproach om section 3, two different
types of user interfaces are reguested oo our mobile
survey platform, a Mobile User Interfiace (MUT) and a

The component of Mobule Lier Interfoce (WTLT)
encapsulates whole fimctonality requested to show a
survey formm over 3 mobile device, once the survey
form is completed data are sent back to feed the
cemiral database. This MUI comprises o
subcomponents an XML code view and a java service
called Local Cache that resides on the mobile device.

Both components imferact independently so that they
can be re-used in different XMW1 pladforms, Figure 4

depicts components mberplay.
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Fig_ 4. MU component mads]

The method Update=RATUI (]} updates the view
FMWL code into the mobile device So that, 3 new
survey form  created through of the Surmay
Configurator Service (5C5) is sent fo mobile device by
putiing the wview XML code as part of the S0AP
message, and once it is received by the mobile local
cache it extracts the view code from the message and
mm Tpdate=AUI () torefiesh.

The SclvedEormi ) method works to extract the
M. code produced once the survey form is sobved by
the surveyed. The Mobile Local Cache component is in
charged to send via 3 S0AP message the XM code fo
fieed the data layer.

The mobile client LocalCache module ensures that
when more data than reguested ammwve, they are not
rejected It ack a2z 3 Slenng module, theogh withoot
discarding what was not requested This data is stored
locally and can be used for example for off-line nsage
of simply o avoid 3 new commmumication session with
the application server[7] It is free to wse ewvery
platform, which supporis the deserialization of soap
messages, namaly the mapping from XML smoctures o
the supported object model.

4.1 Enterprize decizion layer

Enterprizse decision lsyer iz pant of 50A core
characteristics. This layer contaims rules snd processes
bmsiness at the top level that make up the enerprise
applications, for this work this layer is depicted over
the model but none workflow or mule has been created
given the peneric nature of the model Deployment is
raserved fior real life scenarios.



4.3 Business layer

The business laver confains more coarse-grained
services that comsist of two or more individual
components placed in composites files [8] For our
ppose, a composite file 1= created fo exposs the
Swurvey Confieurator Service (5C5) In order it can
provide with the funchonality needed to create new
survey forms and sending them to the mobile devices.
The contents of thes file are shown below.

<Composite
mmlns_

<component name="JurveyConfigurator”:>

<implemsntation..

<service name="3JurveyConfigurator™:>
<binding.ws uri=
“http: //localhost: BOES/
SurveyConfigurator = />

<M meriri cal

</ component:>

</ composite:

Ancther usage of the business laver is to compnse
services interfaces/contracts. A contract 15 the complete
specification of a service between a service provider
and a specific consumer which 1z a core S04
charactenzhe [8] ziven the open sermice onenfed
motvation of SOA.

4.4 Services and components layer

Under a 504 model, Mobile User Interface (MLUIT)
and Swvey Confisurator Service (5C5) do mnot
commumcate sach other because of the loose couphng,
then an ESB (Enterpnize Service Bus) mteracts between
them, thanks to ESB, components can be re-used,
fiure 7 shows component imterachon for our S04
mobile survey platform.
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Fig. 6. Component Comnmnications using ESB

4.5 Data layer

General speaking, a mobile application solution
does not used to inferfere with data layer. All available
data sources nommally consists of a data warehouse
with the comesponding Database servers. Neverthelass,
it 15 possible to define some operations in server, in
order to achieve results, relevant with business
analysis. The comesponding computations can be
performed ether by an external sowrce or dwectly using
database query code, or by the creation and pubhcation
of new zervices m the application server. Generally
speaking, this layer should remain as transparent as
possible to the rest of the architecture. [7]

Achieving S0A requires more than S50AP-basad
web services. The charactenstics of 504 transcend a
parficular technology. SOA 13 an amalgamzhon of
technolomes, patterns, and prachees, the most
mnportant of which were addressed by our proposed, so
as, the mobile survey platform requirements as well. In
the next secton, this 1= put on practice through a
prototvpe based on mobile devices Android and open

source soffwara
5 Prototype

The comrectness and validity of the S0A proposed
was checked by creating a prototype on fable 3. This
prototype 15 made on open souwrce software followmg
the suideline presented on the study conducted on [8].

Given owr mobile survey platform, let’s recap the
process of starfing a Service Component Archifecture
(5CA) doman'zerver, receiving an mbound web
service request for our exposed service. Table 3
Ulostrates the steps requested to messaging between
Survey Configwrator Service (SC5) and Mobile Tser
Interface (MUT).

Table 3. Description of the steps requested to messaging

Step | Description

1 The LaunchSurveyServer class starts the SCA
domain'contamer by using the “embedded”
server. It mstanfiates the server by specifiing
the composite XML file used, which m thas
case 15 called mobilesurvey.composite.

2 The SCADomain class, whech 15 part of the
Apache Tuscany mmplementation, 15 used to
start the embedded Jetiy server. In furn, this is
used to host the web service that's bemg
exposed by the assembly's service element.

3 A web zervices chent imtates a Confizurator
request agamst the hosted web service
using the dymamucally generated WSDL




created by the web semice bmding associated
with the serice element defined m the
composite. The web service S0OAP request
might resemble the following:
=spapenv:Envelope
xmlns:zoapenv="htp.schemas xmlsoap.org's
oap/envelopa™
xmlns:chap="http:hest/mobilesurvey"=
<spapenv:Header =
=soapenv:Body-

=chapereateTicket=

-=1a.1'g02='
MUT code...

<jargll=
<fchap:create Ticket=
<fspapenv:Body>
=/zpapenv:Envelope=

4 The mmbound request 15 received by the SCA
embedded server, which then delegates the
processmg of the request fo the component
implementing the service, Configuratorlmpl.

& The request 15 processed and the results are
spread to the mobile clients via ESB.

SOAP over HTTP was chosen as messaging
protocol over our S0A arch due its charactensties of
extensibiity (W5-secunty and routng are extensions
apphed i development), neutrality (SOAP can be used
over any transport protocol such as HTTP, SMTF, TCP
or JMS) and independence of programming language.
In thizs way SOAP allows to lead our service to be
infegrated with other business and mobile architecture
which was one of our mam goals m order to Jjushfy a
S04 platform for Survey Mobile Platform.

7. Conclusions and future work

In this work, we have mboduced a2 Semice
Onented Architecturs for a mobile smrvey platform that
emphasizes on the decomposition of the mobile user
inferface which can be re-used. The visualization of
survey data view is generally adequate to produce MUI
re-usable by using XML code. On thas basis, and taking
info considerafon the basic user requirement=, we
proposed a service onented architecture, based on the
SOAP-Web Services technology.

We claim as fohwre work, addinonal analy=is to
bmld thess innovative mobile collection data interfaces
through practicing of software preduction lines. More
charactenistics of mobile wuser mterface can be
generated by the Swvey Confizurator Service (SC5)

through this approach. A secunty analysis over the
communicanons model should be performed too as
future work.

This S0A platform alleviates the problems
stemming from the cwrently highly heterogeneous
domam of mobile survey platforms, but which at the
same fime also takes into consideration the constantly
evolving charactenstes of mobile devices m this field.
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Eezumen. La etapa de implementacion de los Sistemas Colaborativos se apoyva da
diversas herramientas ¥ marces de desammollo en genersl onientados 3 objetos, pero
Do existe hasta ahora una manera unificads para especificar v disefiar aplicaciones
sobre los mismos. Esto hace que el disefo de tales sistermas o platafonmas sea
imprecize debido a la falta de un moedele arquitectonico que penmita representar los
elementos principales de las plataformas de colsboracion. El paradigma de patrones
de disefio por su parts offece una metodologia probada para mejorar el disefio deun
sisterns. Die esta forma, este trabajo propons una arquiteciura basada en patronss de
disefio para la plataforma de produccion texmal colaborativa.

EeyWords: produccion textual colaborativa, groupware, arquitectara colaborativa.
1 Introduccion

La produccion textual colaboratrva es una modahdad de trabajo que se basa en la
actitud altrmista de los colaboradores con el fin de contmbur 2 merementar v mejorar
el conocimiento. El concepte puede ser aplicade 2 cualguier procese de creacion
textual va sea hiteratura o proyectos grupales, diseusion en fores., ete.

La etapa de mplementzcion de las plataformas colaborafivas regularmente se
apova de diversas hemramientas ¥ marcos de desamrolle en general onentados a
objetos, pero no existe hasta ahora una manera unificada para especificar v disefiar
aplicaciones sobre las musmas. Esto hace que el disefio de tales sistemas o plataformas
zea mmprec1so.[2][3] Por otro lado, un patron de dizefic ez producido para rezolver un
problema o encontrar una respuesta en alguno va existente v probade reduciendo el
costoso camine de pregramar desde cero [4]. ¥ por lo tanto puede dar una respuesta
contundente a los problemas de dizefio v especificacion de los sistemas onentados a la
produccion textual colaborativa.

En este sentido la contribucion de este trabajo consiste en una arquitectura basada
en patrones de disefio gue ofrece facilidades extendidas en comparacion a las va
existentes va que ademas de buscar una mejora en el disetio de la plataforma se toma
como base de requenments funcional la metodolozia propuesta por LATIN Project
dando como resultade la inclusion de procesos v meétodos no existentes en las
plataformas actuales, v gue son el resultade de las mejores practicas en produccion
colaborativa hasta este momento. En las sigmentes secciones se muestra el panorama



de procesos de la metodologia de LATIN Project v como estos e trasforman en un
conjunto de caracteristcas “ambutos” que entretejen los requenmientos funcionales
que dan paso a la arquitechnra textual colaborativa propuesta bajo este enfoque.

2 Analisis de los requerimientos funcionales

De acuerdo con la propuesta de marco de trabape del LATIN Project uma
miciatva de la Umon Ewopez para generar produccion colabeorativa de textos en
Lafinoameérica, el proceso de produccion deberla mcorporar cuatro diferentes
dimensiones metodologicas, [1] estas son: funciones, processs, comtrol de decumentos
¥ estraregia de escritura con el fin de producir un hbro. La generacion de contemidos
a su ver se descompone sn dos sub-dimensionss: una que conduce a la creacion de un
Ihbro completo (Book-Diven Process), ¥ ofra que conduce a la creacion de piezas
atomacas o pequenas de contemde (Content-Dnven Process) que podran o no formar
parte de un libro.

El enfoque “Book-Dnven process” se centra en tres procesos base: la formacion
del grupo (lo gue mchuve la asignacion de tareas v roles), la cerificacion de la obra v
la publicacion, considerande previamente la generacion de plezas mdividuales de
conteridos como una tarea ciclica inclhnda denfro del enfoque onentade a la creacion
de hbros. Tomando come base la dimension de procesos, las funciones prowvistas por

la plataforma para sopeortar a la tarea (proceso) ¥ a su actor se analizan en 1a Tabla 1.

Tabla 1. Actividades ¥ roles propuestos para la plataforms

“Fal” “Actividades” “Atribute en “Permisos”
Plataforma™
Dgfine Digfine las responsabilidades del rol Instancia que Digfime al
guien @z @l | ¥ porio tanie las acindidades que um rgferencia de nivel de
LIRATIo uILATIe derempafia mamera absoracia las ACCETE
actidades cantenidas
Produc-ter | Crea contenddo sobre un tema EAgregarConteni | Contenido
de Conte- especifico da (]} Propio
nidos
Genera-dor | Dinje el proyectoe ¥y coording la ides VerContenido() | Contenido
de la idea zeneral del contenido propio v de
todo el grapo
Poavisor Fevizor de Contemdo: Propons AgragaBevision | Contenido
modificacionss al contenido [l propic
Fevisor Tecnico: Fevizsa aspectos EliminaRewrisio
técnicos de la obra ni}
Fevizsor de idioma: revisa el libro HodificaBewisi
pAra asegurarse de su sintaxis, cnll
ortografia ¥ gramatica VerContenido ()
Organi- Organizador de Contenido: Organiza | AgregarConseni | Contenido
zador los contenidos de () propie v de
Organizador de grapo: Coording Las EditarContenid | omos auwores
aciividades del zrupe en conjunto o)
con el EE‘IEIE'iU‘I‘h la wdea EliminaConteani
aol}
VearContenido ()




Disefader | Interfaz: desamrolla v mantiene el EditaFormato (] | Contenido

de lookffesl de la plantilla del Libro Modifica Propio
planfillas Pedagogica: Organiza la tabla de Formasol]
confenido de manera pedagogica EliminaFormato

[l
InmmartaTablalCo
ntenido ()
EditaTablalont
enido [}
EliminaTablalCo

ntenidol)
Acredita- Valida el libro en base a un estandard | VerContenido () | Ve todos los
dor contenidos
Traducior Traduce contenido de antores cuya TraduceConteni | Ve todos los
lenznua nativa es diferente aladelos | de=i) contenidos
contenidos TerContenido |}

La colummna “atmbuto en plataforma”™ de la tabla refiere a2 un subsistema que
encapsula funciones especificas que dan soporte 2 un proceso de la metodologia
“Beook Dnven Process”, de tal forma gue ocultando la representacion mterna en el
concepte “ainbuto en plataforma”, se nos facilita el disefic del esquema base de la
arquitectura de alto mivel. para poder plasmar los patrones en ella ¥ dejar a futuras
versiones de este trabajo el creciowento de la amquitectura, ¥a sea bajo el misme uso
de patrones de disefio o el re-uso de componentes como servicios.

3 Modelado de la arquitectura de produccion rextual colaborativa

Dada la naturaleza en linea de las plataformas colaborativas hemos decidido
proponer una arquitectura distmbuida, disefiada por capas para poder bnndar
medulandad v rewsabilidad a la partes que la componen, como se propone en la
literatura [5].

De esta forma la arqmitectura se diwvide en cuatro capas principales que se
explican a contimuacion.

Capa de aplicacion. Presenta las wvistas de acceso a la aplicacion comeo por
gjemple los editores para revision o medificacion del objete de contemdo creado.
Capa de interfaz. U'nliza el patron “Facade™ para proporcionar las mterfaces de los
diferentes servielos a las vistas de la eapa de aplicacion.

Capa de zervicioz.Se compone de fres subcapas que realhzan el trabajo medular
de la plataforma. Subcapa Control de versiones. El patron “Compesite” nos avuda a
mantensr un agregado de objetos de las diferentes versiones del hibro v al mismo
tiempo marcar la version elegida para publicacion. Subcapa Congelar Contenido. El
patron “memento” congela el objeto libro en hempo ¥ espacio cuando &5 llamado para
obtener una version del hbro. Subcapa de creacion de contenidos.

El patron “Factory Method ™ cuva implementacion se presenta en la Tabla 2,
funciona como una fabnea de ainbutos donde se recibe una llamada del patron
"proxy " de la capa de autenticacion con el rol v el nimero de sesion donde se debera
enviar &l objeto de creacion de conterido adecuads. La fabnea regresa las mstancias
de objetos que comresponde a lz columma “ambuto en plataforma™ de la Tabla 1.
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Figura 1. Arguitecinra propuesta basada en patrones Gamma[4] para la plataforma  de
produccion textual colsborativa basada en “Book-Driven Process™

Tabla 2. Pamdin “factory methed”

Nambre Factory Method
Propasito Drefine una nferfaz para crear los objetos de servicio (atmbatos de Ia plataforma) a
solicimad die la instancia “TProsy ™
Mptivacion Este patron proporciena una interfay para la creacion de los objetos de servicio.
Usm Se uzo Factory Method par constur los objetos de semvicios.
Estrociuma =
| Canmanida — ]
- o
| i I sl rica Sarvicios
= +Gacuiap
. CFH I F RS —
IE:!'- !|-" T | +Emcaiali _
| | e
:E:I-hl'.'n b Fomian | ~ i el e Tl e
" [+e=amn
I — o
'—l—" r CarcrotetablaConbmda
| = >

Participantes. La interfaz “FabricaServicios”. Define la interfaz de objetos al metodo de peneradar

“Execute)”.
Servicio. Ex la entidad plamtilla para los productos de sarvicios: “Contemide™,
“Bewision™, “Farmata™ Y “TahklaContenida™, “Concret=Contenida™,

“ConcreteFevision”, “ConcreteFormate™ v Cmuerel‘nbl.aﬂumuﬂa Im.phnmm
ln interfaz del producta.

Colaboraciones | Servicio confa en sus subclases para definir e metodo de fabrica para gue devuslva
una instancia del Producio Conoreto apropiado.




Consecusncias

Mediante &l uso de la fabrica de servicies se pueden mstanciar clases no concrEtas
las cuales son dejadas a los ambaos de la plamforma, de esta manera se pusde
ApTeEar indizintaments procesos a la plataforma colaborativa

Capa de autenticacion. Feahiza el proceso de autenficacion de los nsuanos en la
plataforma de la sigwente forma, el patron “iterator” (terador) maneja la hsta de
usuzanos en el sistema en la Tabla 2 se muestra la aplicacion del patron de tal manera
que cuzndo se mgresa iferaror esta recibe una llamada al metodo zutentical)
que confirma el rol ¥ conecta con la fabnica de senicios(Factory method) .

Tabla 3. Pairon “iterator”

Waonhre

Tterator

Propaostta

Se usa el pafrom “ferater” pama recomer la Listh de umaaros de la plataforma
colaborativa durante &l proceso de auienticacion.

Motmvacion

Cada objeto en la lista de usaarios contens los elementos ds mutenticacion ~login”,
“password” ¥ "Ral”.

Cuando un wsuario solicita acceso a la plataforma, la interfaz de wsuario hace ona
llamada a la mrerfaz del ierador “VistaLogh™ para confinmar el accese ¥ permisos
dependisndo del rol del umario.

Uso

En =ste caso & Us0 COMO U0 Deranisme de aufentcacion que recome la lista de
nsuATies cuando se selicita ingreso a la plataforma colaborativa.

Estraciura
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Participante:

Vistalogln Diefine la interfaz a ka bzt de usoarios de la plataforma colaborativa.
Tterador. fmplementa la interfaz de iteraccion. Realiza un sepuimiento de la posicion
acmal en el recomido de 1a lista die objetos de usnaries de la plataforma colaborativa.
{Grupo de usnarios. Define una mierfaz para crear un objefo iterador.

Usuario. Implementa Ia interfaz de creacion de Herador para devalver una mstancia
del Ierador Conoreto adecuado.

Colaberaciones

Tterador pierde de wista el objete actal en el agregade ¥ poede caloular el usuano
sigaienie en &l recormido.

Consecusncias

El recorrido en la lista de objetos de usnarios se mplsmento hacia adelante inicianda
por &l nodo de cabecera, oo & uilim reireces.

Dado que los patrones “fterator” v factory method se encuenira en capas
separadas de la arquitectra es necesario un pafron de conexion de esta manera el
patron “proxy” se usa para generar un representante de la fabnica de servicios basada
en factery methed” de la capa de servicieos, en la Tabla 4 vemos las caracterizificas
de implementacion de “proxy

Tabla 4. Patron “proxy™

Maonhre

Brozy

Proposita

Proporciona presencia de la meerfaz de Factory metodo en la capa de creacion de
contenidos.




Motivacion La inferfaz de fabrica IFabricaServicios s2 encuentra en oira capa par poder tensr
acceso de maners remota b interfaz Progy hace interaccion.

Uso La mterfaz Proxy ejecuia la funcion SolicitaServiciol) que solicita 1a ejecucion de
un objeto de servicio de b fabmica.

Estmciura

1rabrica Servicion |
1 sEmcute]) IP'i;'.Il:'p‘

Parficipantss oy (Proxy Inagen). Mantsne una refersncia qoe le permite accedsr a la
representacion del sujero real FabricaServicios.
Sujeto (Grafica). Defins la imterfaz comin para [FabricaServicios & IProxy.
TFabricaServicios. Define el objeto real gue representa el proxy.

Colabemcionss | Proxy resnvia las solicimdes al “IFabrcaServicios”, para gquoe este retarme &) servicio
que comesponds al rol usando & matodo “retomaServiciol]”.

Conseruenciaz | La imerfaz “TProxy” ama a la imterfaz de fabricacion ded senvicio para crsacion de
contenide que coamesponde al rol que retorma &l pamon “iterator” de la Bsta de
nzuarios ds b plataforma colaborativa

Finalments para evitar que baya vanas mstancias de la hista hgada de usuano que
recorre el patron “iterator” que puedan generar problemas de aufenficacion, usamos al
patron “singleton” alrededer del objeto azregado de ListalUsunaries la mmplementacien
concreta se se muestra en la sizmiente tabla.

Tabla 5. Pamon “singleton”

Nombre Singlston
Propasite Garantiza que k3 mstancia del agregado de 1a lista de wsuario de la plataforma
colabarativa sea unica.
Motivacion Azepurar und Instancia unica pam evitar duplicacion en la informacion de usnaries.
U= S& modifica la clase Listalsuario para ser mmica
Estructura Lista Usuarios
S0 D e 6
sulbme: Lmsano
<+lnakarcis
=obtimralng bercie ]
Lt LmLariow
Parficipantes Clase Lizta de usuanios es un agmegade de varias mstancias de [a clase Usuamio., la
cual contiene el rol que indica cuales servicios se pueden solicitar a la fabrica a
traves del prosy.
Colaboraciooes | Los clienies acceden a la instancia umicamenie a taves de [a propiedad Ulnstanca.
Consecuencias | Coommola que solo exista uma sola ins@ncia de 1a lism de umianos de la placaforma
colabarativa

4 Resultados

Para mostrar la vahdez v exachmd de Iz arquitectura se realizo un modelado entidad-
relacion de la argumtechra para confirmar la comecta alineacion entre los patrones, en



la Figuwra 2 presentamos una parte de este modelo que muestra los primeros cuatro
patrones que proponemos en las dos primeras capas “iterator 7, “factory method”,
“proxy” ¥ “simgleton”, v la vabidacion de los prineipios de disefio onentados a objetos
cuye resultado se muestra a conhnuacion.
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Figara 2. Modelo de datos de la capa de autenticacion (patromes “iterator”, “singleton” y
“proxy™) ¥ la subcapa de creacion de contenides (patron “factory mesthod™)

Confirmacion del principio "OpenClose”, El use del patron “Factory methed”
para definr una fibrica de aimbutes peroute Ingresar muevos seIvViclos coOmo por
ajemplo fraduccion sin modificar otros compeonentes de la arquitectura.

Cenfirmacion del principic "Dependency Inversion”, se aplice el pnnopio de
inversion de dependencia al separar la arqufectura en capas v modelar en base a
patrones va que ellos nos proporcionan inferfaces para no tener depencias directas de
clases mavores a2 menores.

Confirmacion de loz principios “Imterface Segregraron”, "Lizkev”™ yp “Single
Responzabiliny”, el hgado puwro entre los patrones de disefic por s muzmo nos
previene de generar interfaces gque no se usan, dar dos razones de cambio a un modulo
¥ hacer abuse de la herencia o el pohmorfismeo (principio de Liskov) va que los
patrones henen métodos de inferaccion bien defimdos. En mmestro disefio nos
apegamos a los patromes tal cual v sole se generaron dos mievas enhdades
VistaLogin v Usuario, la pmimera que representa a la vista WEB del usuanos
¥ la segunda los datos abstractos de wsuwanio las cuales funciona comoentidades de
apovo selamente. Como puede verse el medelo cumple con los pnneiplos de disefio
onentado a objetos lo que establece una la consistencia del mismao.

£ Conclusiones v Trabajo Futuro

En este caso se presento una arquitectura para el dezamrollo de una plataforma textual
colaborativa basada en patrenes de disefio GoF, la cual se diseno tomando los
requennuentos de la metodologia de produccion colaborativa llamado “Book-Dnven
Process” propuesto por LATIn project v que responde a la necesidad de marcos de
produccion textual colaborativa estandares.

El uso de patrones de disefio en la arquitectura obedece 2l hecho de proporcionar
un modele mejorado en comparacion con aguellos elaborados sm el uso de patrones,



lo cual se confimed con el analisis de la aplhicacion de los punecipios de diseno
onentados a objetos. Como pudo verse, se establecio un primer disefio que propone
un sistema dismbwde con cuaftro capas basandenos en la expeniencia de un medelo
propuesto anteriormente en la literatura. Para la confirmacion de neestra arquitectura
ze presento el modelade de los primeros cuatro patrones de las primeras dos capas de
la arguitectura colaborativa.

Como trabajo fufuro proponemos la exploracion de patrones que vayan enfocados
al disefio de argurtecturas distmbuwidas, un ejemplo pueden ser los patrones J2EE, que
aprovechan la distmbucion de los recursos en red, dado que los patrones GoF estan
dingidos a aphicaciones para una sola maguna o “standalone™.
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