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Abstraction

Software development is going through rapid change all the time. Unlike a few decades
ago we had to create an individual system from scratch when we had a new customer, the
modern development tends to reuse the existing code, components, or products and do
some modification on these existing software assets for each new customer. But how to
make the modification as simple as possible and how to make this software reuse as
effortless as possible is still an unsolved problem.

A product line is a set of software systems that shares a common software architecture
and a set of reusable components. The main characteristic of a product line is that it holds
commonalities for all the members of the family, but also contains variabilities for each
single member of the family. It seems that product line is a candidate solution for the
problem of quick software creation.

Even though the product line concept is not new in other industries, it is still not a widely
accepted concept in software industry. The product line software system development
guideline has been defined only on an abstract level, there are until now still no solid
methods which truly support the process symmetrically and automatically. To find a good
method for this process will still be a research topic for some years.

In this master thesis we give introductions to the concepts of product line and the system
development process. One existing method, PLUS, will also be introduced in this thesis.
PLUS supports part of the product line development process and it does have its
weakness, but it also has its strong points which we can learn from.

We will also propose a new method — FeatureUML which supports part of the product
line software development. This new method uses feature diagrams to hold the features in
the feature model, and the UML model is slightly modified to hold mapping information
between UML elements and features. The feature model can be configured for a single
member of the product line; with this configuration we can also process a domain UML
model to yield a specialized UML model for a single member. A prototype has been
made to show the idea of FeatureUML and in this thesis we will also use a few examples
to show how FeaturetUML works.
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1 Introduction

The software development process has been changing rapidly in the last few decades. The
industry and business market have put their hope in the productivity, quality, and
maintainability in the software systems in order to prove their service. The traditional
way of developing an individual system from scratch cannot satisfy these demands any
longer.

Software industry has gone through a few major changes trying to fulfill the requirements
from software systems. The fist attempt made was to create an individual system rapidly,
and then to create variations for different customs when the new requirements came in.
This process did improve the speed of the software development process at the beginning.
But the more variations are made, the more difficult we can guarantee the quality of the
software, and the more difficult we can keep a good maintenance. The reason for this is
creating variations on individual systems takes continual investment in understanding
new requirements, and in redesign, recoding and retesting. Currently the software
industry is going through the second change, and that is to create product lines and
families of systems. In this new approach we invest in understanding new requirements
and rapidly creating new family members with little or no redesign and recoding and with
reduced retesting.

Product line software engineering involves two types of activities. First the common
aspects and the predicted variability of a product line are carefully pre-analyzed and well
documented in a systematic way with the goal of maximizing the reuse potential. This
process is often called domain engineering. Secondly individual systems are built by
using the common aspects and some variation features from the domain model for
different customers with different requirements for these individual systems. This process
is often called application engineering.

In the product line software process one of the most challenging aspects is variability
management. Variability management requires methods not only to record the variability
in a systematic way, but also to enable the configuring of the variability of the product
line in order to create individual systems. There are already several methods proposed for
recording the variations of the product line. With these methods the system common
aspects and variabilities can be documented systematically, but when creating a single
product, a lot of handwork is still required to configure the assets in the domain model.
So in general the methods proposed vary often fail to ease the configuration of the
product line.

In this thesis we propose a product line software design variability enabling method by
using feature diagram. With this method it is also possible to configure the product line
design UML model to generate new UML models for individual systems. A prototype
FeatureUML has been built and tested using a case study of Navigation System. The
initial case study has shown us that this method can reduce more than 80% of the time
and effort which is spent on creating individual systems. As the UML model for each



single member of the product line is generated and we can hardly make any mistakes in
the generating process, so the quality of the generated UML model is also improved.

This Thesis is structured as follows. Chapter 2 gives an introduction to product line
software systems, the feature diagram, UML diagrams and the usage of feature diagram
and UML diagrams in product line software design. Chapter 3 introduces the
FeaturetUML method. Chapter 4 explains how FeatureUML tool realizes the method.
Chapter 5 focuses on the implementation of the FeatureUML tool. In chapter 6 we give a
small case study of Navigation System to show how this method can be used in the real
life. Chapter 7 concludes the study of this method. There are quite a lot of further
research studies which can be done on this method, and these future works are listed in
chapter 8.



2 Product Line Software Systems

2.1 Introduction

A software product line consists of a family of software systems that have some common
functionality and some variable functionality. To take advantage of the common
functionality, reusable assets (such as requirements, designs, components, and so on) are
developed, which can be reused by different members of the family [Gomaa 2004].

The idea of a product line is not new. A modern example of product line comes from the
airline industry, with the European Airbus A-318, A-319, A-320, and A-321 airplane,
which share common product feature, including jet engines, navigation equipment and
communication equipment [Clements and Northrop 2002].

The traditional process of software development is to develop single systems — that is, to
develop each system individually. For software product lines, the development approach
is broadened to consider a family of software systems. This approach involves analyzing
what features (functional requirements) of the software family are common, what features
are optional, and what features are alternatives. After the feature analysis, the goal is to
design a software architecture for the product line, which has common components,
(required by all members of the family), optional components (required by only some
members of the family), and variant components (different versions of which are required
by different members of the family). To model and design families of systems, the
analysis and design concepts for single product systems need to be extended to support
software product lines.

2.2 Process

In the product line software development process the software engineer’s role is split into
two parts: the domain engineer, who defines a family and creates the production facilities
for the family, and the application engineer, who uses the production facilities to create
new family members. Correspondingly, the two parts of the approach are known as
domain engineering and application engineering. One of the well known process method
is Family-Oriented Abstraction, Specification, and Translation (FAST), and this process
is depicted in Figure 1 [Weiss, D., Lai, C. 1999].
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Figure 1 Family-Based Software Development Process

In this process the purpose of domain engineering is to make it possible to generate
members of a family. The activities involved in the domain engineering are:

1. Define the family (also known as the domain)

2. Develop a language for specifying family members (the application modeling
language).

3. Develop an environment for generating family members from their specifications
(the application engineering environment).

4. Define a process for producing family members using the environment (the
application engineering process).

The purpose of application engineering is to explore very quickly the space of
requirements for an application and to generate the application. Application engineers use
the production facilities from the family to produce new family members that satisfy the
customer’s requirements. The activities involved in the application engineering are:

1. The customer identifies or refines the requirements for the application.

2. The application engineer represents the requirements for the application as an
application model.

3. The application engineer analyzes and refines the model until he or she is satisfied
that it meets the customer’s requirements. The application engineer can then
generate a deliverable set of code and documentation from the model.

4. The customer inspects the application as the application engineer has modeled it,
either by viewing the results of analyses or by testing the application as generated
from the model.

5. The customer either accepts the generated application or returns to step 1.



The process described above is also depicted in Figure 2 [Czarnecki and Eisenecker,
2002].
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Figure 2 Software product line development process in details
2.3 Modeling Requirements — Feature Modeling

Features are an important concept in software product lines because they represent
reusable requirements or characteristics of a product line. In software product lines, a
feature is a requirement or characteristic that is provided by one or more members of the
product line. In particular, features are characteristics that are used to differentiate among
members of the product line and hence to determine and define the common and variable
functionality of software product line. Feature analysis is an important aspect of product
line analysis and has been used widely for the requirement analysis of software product
lines in methods such as FODA (feature-oriented domain analysis) [Cohen and Northrop
1998; Kang et al. 1990] and other feature-based methods.

Feature modeling is the activity of modeling the common and the variable properties of
concepts and their interdependencies and organizing them into a coherent model referred
to as a feature model. The concepts here can be any elements and structures in the
domain of interest.
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A feature model consist of a feature diagram and some additional information, such as
short semantic descriptions of each feature, rationales for each feature, stakeholders and
client programs interested in each feature, examples of systems with a given feature,
constraints, default dependency rules, availability sites, binding modes, and priorities.

2.3.1 Feature Diagram

2.3.1.1 Features

In a feature diagram the root node represents a concept; all other nodes represent the
common and variable properties of this concept. The features in a feature diagram can be
divided into three categories: mandatory, alternative and optional features. The rules
concerning the features are as following:

= Mandatory feature: a mandatory feature is included in the description of a concept
instance if and only if its parent is included in the description of the instance. For
example, if the parent of a mandatory feature is optional and not included in the
instance description, the mandatory feature cannot be part of the description.

= Optional feature: an optional feature may be included in the description of a
concept instance if and only its parent is included in the description. In other
words, if the parent is included, the optional feature may be included or not, and if
the parent is not included, the optional feature cannot be included.

= Alternative feature: if the parent of a set of alternative features is included in the
description of a concept instance, then exactly one feature from this set of
alternative feature is included in the descriptions.

C Legenda
concept
feature

L mandatory feature

f1 f2 f3

Cg optional feature

f4 5 f6 7 8 /@\alternative feature

Figure 3 an example of feature diagram.

Figure 3 shows an example of a feature diagram. The root node C is a concept node,
which is always included in the description of a concept instance. Concept C contains a
mandatory feature f2, an optional feature fl, and an optional alternative feature f3.
Furthermore f1 contains another two sub-features: mandatory feature f4 and optional f5.
Even though f4 is a mandatory feature, it may not be included in the description of a

11



concept instance when its parent fl is not included. Alternative feature f3 contains
another three features: f6, f7 and f8. If f3 is included in the description of a concept
instance, then only one of the feature f6, f7 and {8 will be included.

2.3.1.2 Feature Cardinality

We extend the features with cardinalities in the feature diagrams. In [Czarnecki, 2004]
the feature cardinalities are divided into two types:

1. Feature cardinalities
Features can be annotated with cardinalities, such as [1..#] or [3..3]. Mandatory
and optional features can be considered special cases of features with the
cardinalities [1...1] and [0...1], respectively.

2. Group and groups cardinalities
Alternative features in the FODA annotation can be viewed as a grouping
mechanism. The concept of groups was further generalized in [Riebisch, 2002] as
a set of features annotated with a cardinality specifying an interval of how many
features can be selected from that set.

2.3.1.3 Feature Dependency

In a feature diagram we can also define the relationships between features from this
feature diagram. These relationships between features are called feature dependencies.
The most common types of feature dependencies are:

1. Require
If a require relation is defined between two features A and B as “A requires B”,
then whenever A is present in the configuration of a feature diagram, B must also
be present in the configuration. But vice versa does the presence of feature B say
nothing about the presence of feature A.

2. Exclude
If an exclude relation is defined between two features A and B as “A excludes B”,
then whenever A is present in the configuration of a feature diagram, B must not
be present in the configuration. Vice versa is also valid, so “A excludes B” means
also “B excludes A”.

2.3.2 Expressing Commonality in Feature Diagrams

The mandatory features presented in a feature diagrams can be further categorized into
two types: common features and common sub-features.

A common feature of a concept is a feature present in all instances of a concept. All
mandatory features which are direct children of concept are common features. Also each
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mandatory feature, whose parent is a common feature, is a common feature. Thus we can
conclude that a common feature is always present in the description of a concept instance.

A common sub-feature f1 is a child feature of another feature f, which is present in all
instances of a concept where f itself is also present. All direct mandatory sub-features of
fl are also common sub-features of f. A sub-feature of f is common if it is mandatory and
there is a path of mandatory features connecting the sub-feature and f.

2.3.3 Expressing Variability in Feature Diagrams

Variability in feature diagrams is expressed using optional, alternative and optional
alternative features. These features are also called variable features. The nodes to which
variable features are attached are referred to as variation points. A variation point is
where a product family member might differ from other members.

2.4 Modeling Design Variability

Techniques for modeling variability in design include modeling variability using
parameterization, modeling variability using information hiding, and modeling variability
using inheritance. [Gomaa and Webber 2004]. Each of these techniques has some
strength and weakness. In most product lines, a combination of all three approaches is
needed. The object-oriented approach to software development helps by supporting all
three of these approaches to modeling variability. With the proliferation of annotations
and methods for the object-oriented analysis and design of software applications, the
Unified Modeling Language (UML) was developed to provide a standardized annotation
for describing object-oriented models.

2.5 UML

Modern object-oriented analysis and design methods are model-based and use a
combination of use case modeling, static modeling, state machine modeling, and object
interaction modeling. Almost all modern object-oriented methods use the UML
annotation for describing software requirements, analysis and design models [Booch et al.
2005; Fowler 2004; Rumbaugh et al. 2005].

In use case modeling, the functional requirements of the system are defined in terms of
use cases and actors. Static modeling provides a structural view of the system. Classes are
defined in terms of their attributes, as well as their relationships with other classes.
Dynamic modeling provides a behavioral view of the system. The use cases are realized
to show the interaction among participating object. Object interaction diagrams are
developed to show how objects communicate with each other to realize the use case. The
state-dependent aspects of the system are defined with statecharts.

An object-oriented analysis and design method for software product lines needs to extend
single-system analysis and design concepts to model product lines, in particular to model
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the commonality and variability in the product line, and to extend the UML annotation to
describe this commonality and variability.

2.5.1 UML in Product Line Software Design - PLUS

PLUS (Product Line UML-Based Software Engineering) [Gomaa 2004] is a UML-based
software design method that extends the UML-based modeling methods for single
systems to address software product lines.

In the PLUS method the activities of modeling a product line system are divided into
three phases: requirements modeling, analysis modeling, and design modeling.

In requirements modeling phase, the following activities are involved:

1.

Product line scoping

At a high level, the following aspects of the product line are determined: its
functionality, the degree of commonality and variability, and the likely number of
product line members.

Use case modeling

Actors and use cases are defined, and the functional requirements of the product
line are specified in terms of those use cases of actors. Product line commonality
is determined by the development of kernel use cases. Product line variability is
determined by the development of optional and alternative use cases, and by the
identification of variation points within use cases.

Feature modeling

Software product line commonality is characterized by kernel features; product
line variability is characterized by optional an alternative features. Features can be
identified from the use cases determined during use case modeling.

In the analysis modeling phase the following activities are involved:

1.

Static modeling

A problem-specific static model is defined. The emphasis of static modeling is on
the information modeling of real world classes in the problem domain — in
particular, entity classes and external classes.

Object structuring

The objects — Kernel, optional, and alternative — that participate in each use case
are determined. Object structuring criteria are provided to help determine the
objects, which can be entity objects, interface objects, control objects, and
application logic objects.

3. Dynamic modeling
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The use cases from the use case model are realized to show the interaction among
the objects participating in each kernel, optional and alternative use case.
Communication diagrams or sequence diagrams are developed to show how
objects interact to execute the use case.

4. Finite state machine modeling

The state-dependent aspects of the product line are defined by means of
hierarchical statecharts. Each state-dependent control object is defined in terms of
its constituent statechart. For state dependent object interactions, the interactions
among the state-dependent control objects and the statecharts they execute need to
be modeled explicitly.

5. Feature/class dependency analysis

This step is used to determine what classes from the analysis model are needed to
realize the features from the feature model.

For every feature in the software product line, certain classes realize the
functionality specified by the feature. A common feature is provided by every
member of the product line, the classes that support or realize a common feature
are always kernel classes. Because common features are provided by every
member of the product line, it follows that kernel classes are always present in all
product line member. If an optional or alternative feature is selected for a given
member of the product line, then the optional or variant classes that realize this
feature are also selected.

In the design modeling phase the solution domain is considered. The goal is to develop a
component-based software architecture for the product line. To create the product line
architecture, developers consider what software architectural patterns should provide its
foundation.

2.5.2 Extended UML Annotation in PLUS

In these sections we will use a few examples to show how features are represented in
PLUS UML models.

Figure 4 depicts a use case example in PLUS. In this use case there is a kernel use case
“Validate PIN” which correspond to a mandatory feature in a bank product line, and the
mandatory character of this feature is indicated by the stereo type <<kernel>> annotation.
“Validate PIN” includes another three kernel use cases “Withdraw Funds”, “Query
Account”, “Transfer Funds”, and another two optional use cases “Deposit Funds” and
“Print Statement”. The optional features are notated using <<optional>> stereo type.
Whether these two optional use cases are present in one of the Bank system member is
determined by the evaluation expression marked on the arcs with annotation [deposit
option], [ministatement option] respectively.

15



<<kernel>>
Validate PIN

<<kernel>> <<optional>>
Withdraw Funds Print Statement

<<kernel>> <<optional>>
Query Account Deposit Funds

<<kernel>>
Transfer Funds

Figure 4 an use case example in PLUS

In PLUS the features are modeled by class diagrams. Figure 5 depicts a class diagram
representing a set of features with feature dependencies.

<<alternative feature>> <<alternative feature>>
Multi-line Display Analog Weight

<<optional feature>>
Recipe

Figure 5 an example of features with dependencies in PLUS

In this class diagram there is an optional feature Recipe, which has a “requires”
relationship with an “alternative feature — Multi-line Display” and a “mutually includes”
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relationship with an “alternative feature — Analog Weight”. The relationships are
represented as associations in this diagram. A require relation means whenever optional
feature “Recipe” is present in the description of an instance of this product line, the
alternative feature “Multi-line Display” has to be present in this instance description as
well. “Mutually includes” is basically redundant as it can also be handled with a
“Requires” relation.

The relationship between features and use cases is a many to many relationship, and this
relationship is recorded in a table. Table 1 shows the relationships between features and
use cases in a microwave oven software product line example.

Table 1 Tabular representation of feature/use case relationships: microwave oven
software product line.

Use Use Case Variation
Feature Feature Case Category/Variation Point
Name Category Name Point (vp) Name
Microwave common Cook Food Kernel
Oven Kernel
Light optional Cook Food vp Light
Turntable optional Cook Food vp Turntable
Beeper optional Cook Food vp Beeper

2.5.3 The Strength and Weakness of PLUS Method

The major strength of PLUS method is that feature modeling is successfully integrated
into the requirement and analysis modeling process of product line software development.
The product line software development process has been clearly defined, which includes
activities of feature modeling. The features represented in the feature model are related to
classical UML model, such as use case models, static models, dynamic models, etc.

The PLUS method has also a few weaknesses. The first weakness of PLUS is that
features are modeled by using class diagram instead of feature diagrams. The tree
structure of feature diagrams is an important characteristic of features, and the mandatory,
optional, and alternative features are also very well annotated in the feature diagram. The
feature diagrams make it much easier to understand the structures of the features, the
characteristics of the features, and the relationships between features. Another advantage
of feature diagrams is that it is very compact, a small feature diagram can contain quite
big mount of data.

The second weakness of PLUS is that the feature characteristics (mandatory, alternative,
optional) are also annotated in other UML diagrams, such as use case diagrams and class
diagrams. If a UML model itself is already complex, then extra feature annotation added
into the UML model makes it even more complex. With feature diagram those
information can be easily separated from the UML model.

17



The third weakness of PLUS is that this method only considers how features in a product
line can be modeled into UML models, as how to generate the UML models for a product
line member is not considered.

As so far we haven’t seen a method which both satisfies the requirements and eases the
process of product line development, so we propose a new method — FeaturetUML — for
this purpose. The FeaturetUML will use the strength of PLUS method, and try to remove
the weakness of the method. The FeatureUML method is described in details in Chapter 3.
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3 FeatureUML Method

3.1 Problems FeatureUML Addresses

The FeatureUML method aims to define a systematic way of developing product
software product line. The current focus of this method is the domain analysis phase and
part of the application engineering phase. The modeling techniques used in this method
include feature diagrams and UML models. The method should satisfy the following
goals at the end:

= There should be a clear process defined for product line software system
development.

= The annotation for features should be defined in such way that the method should
keep the complexity of system analysis as simple as possible.

= The method should also provide a way to generate models for a member of the
product line.

3.2 Product Line Process in FeatureUML

We have modified the product line development process described in section 2.2. The
new situation is depicted in Figure 6.

Domain Engineering

________________________ i
i
Domain > Domain > Domain > Domain i
Requirements Analysis Design Implementation :
i
________________________ i
Feature I Domair™,
Diagram L Source )
~-.Code_.~
Requirement [ Product 5 UML Model [ Code BN .
. ) . ) . Testing
Analysis Configuratoin Generation Generation

Application Engineering

Figure 6 Product line system development process from FeatureUML.
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3.2.1 Domain Engineering

Domain engineering is divided into the following phases:

1.

Domain Requirements

The purpose of domain requirements is to define the scope of the domain, collect
the relevant domain information. The activities described in the PLUS method for
domain requirements are also used here. So the major activities involved in
domain requirements phase are:

= Product line scoping
= Use case modeling
= Feature modeling

At the end of the domain requirements we should gain a use case model, a feature
model and other relevant information about a domain.

Domain Analysis

The purpose of domain analysis is to identify the problem domain objects and the
information passed between them. We have modified the activities in the PLUS
method and the new set of the activities are as following:

= Static modeling
A problem-specific static model is defined. In this phase the mandatory,
optional, and alternative features are also mapped into the class elements —
namely class, attributes and options in the classes.

= Dynamic modeling
When the sequence diagrams are developed to show how objects interact to
execute the use case, the features in the feature model are also mapped into
the sequence diagrams.

= Finite state machine modeling
The state machine modeling is not considered in FeatureUML method at the
moment, it can be added into this method in the future.

= Feature model/UML model map validating
This step is to validate the UML model again the feature model. Validating
includes if all the features mapped in the UML model also exist in the feature
model, and the features in the feature model has been mapped into a set of
UML elements in the UML model.

Domain Design and Domain Implementation
The purpose of domain design is to develop an architecture for the family of

systems in the domain and to devise a production plan. The domain
implementation can be done in three approaches:
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1.

Approach one — the traditional approach

a. The domain code is written and the matrix to indicate the connection
between the code unit and the features is setup.

b. At the application engineering phase the UML model for a single member,
the feature model and the code/feature matrix is taken as input to generate
the code unit for this single member.

2. Approach two — component assembly

In this approach a set of components are implemented and the features are
mapped into the subset of the components. During the application engineering
phase the right subset of the components are selected according to the
configuration of the feature model, and these components are assembled into
the final system.

Approach three — the modern and future approach

As one of the current research trends on software development is Modern
Driven Architecture (MDA). In MDA the UML model is then divided into
two types: PIM (platform independent model) and PSM (platform specific
model). The PSM model is very close to the final source code, so it can be
used to generate source code. The UML models we develop here are PIM.
After the PIM is transformed into PSM the source code can be generated from
the PSM model. If this approach becomes reality, then the domain
development will be not required any more in the product line process.

Our current focus of the method is not on the domain development, so we will not
discuss this issue any further in this thesis.

3.2.2 Application Engineering

Application engineering is divided into the following phases:

1.

Requirement analysis

During the requirements analysis for a new concrete application, we take
advantage of the existing domain model and describe customer needs using the
features from domain model. If new customer requirements are not found in the
domain model, then the domain engineering has to be refined and extended to
fulfill the new customer requirements.

2. Product configuration
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The purpose of this phase is to use the custom requirements gathered in the
requirement analysis phase to configure the feature diagrams in the feature model.
The required optional features are selected, and decisions are made as which of
the feature options in the alternative feature should be chosen. At the end the
features present in the feature configuration should fulfill the requirements from a
single customer.

UML model generation

In the UML model generation phase the UML models created in the Domain
Engineering are used as input, and these UML models are processed
automatically against the feature configurations from the product configuration
phases. The output of this process is a UML model which is dedicated to a single
customer.

Code generation

In this phase the feature model, specific UML model and the domain source code
are used to generate the source code for a single customer. Currently this phase is
out of the scope of this project.

Test

The source code generated in code generation phase is compiled, tested and

packed in a desired format. The final package of the program is delivered to the
customer to go through the acceptance test.
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4 Feature and UML Modeling in FeatureUML Tool

In this chapter we give a detailed introduction of the main activities in FeatureUML,
which are the feature modeling, the UML modeling, and the UML model processing in
our prototype tool.

4.1 Feature Modeling

During feature modeling we extract features out of the use case model and organize them
into feature diagrams.

4.1.1 Feature Types

The feature types, which can be illustrated in feature diagram, include mandatory,
optional and alternative types. An alternative type has to be combined with either a
mandatory or an optional type to derive two new types: mandatory alternative and
optional alternative. Thus in total we have the following four types of features in
FeatureUML.:

= Mandatory feature

= Optional feature

= Mandatory alternative feature
= Optional alternative feature

Figure 7 shows an example of a feature diagram which contains all these four feature
types.

Feature “student” is a mandatory feature which contains another two mandatory features
— namely, “first_name” and “last_name”. It also contains two optional features — namely,
“middle_name” and “login_info”.

Feature ‘“remove_student” is an optional alternative feature. It contains anther two
features — namely “markStudentRemoved” and “removeStudentRecordFromDatabase”.
This means that each application can only choose one of these two policies when

removing student is concerned.

Feature “Language” is a mandatory alternative and it contains the optional features:
“Dutch” and “English”.

Note the icons for each type of features are also different.
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Feature Diagram Editor |/ Feature Diagram Configurator

? /’g\, studentCoursePlanner

e A secUrity_policy

A rmust_log_in
T A general_properties

A multi_language
? A data

? A student

first_name
middle_name
last_name
login_info

is_deleted

I B

landuage
A Dutch
A English
? A Bankaccount
A credit_account
A dehit_account
? A databasze_policy
? A refmove_student
A markStudentRermoved

AN removeStudentR ecordFromDatabase

Figure 7 four feature types in a feature diagram example.
4.1.2 Feature Cardinality

In FeaturetUML we use a modified version of the feature cardinality described in section
2.3.1.2. The cardinalities of the mandatory and optional features are set to [1...*] and
[0...*] respectively. Our consideration for this change is that a mandatory feature or an
optional feature can be selected multiple times in a configuration of the feature models.
The second change was made to the feature cardinality is the alternative group feature
cardinality. In FeaturetUML the feature options in an alternative feature are exclusive,
which means whenever we configure an alternative feature, we can only select one
feature option from this alternative feature.
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The feature-cardinalities in FeatureUML are based on the concept described above and
are divided into two types:

r Feature Diagram Editor r Feature Diagram Configurator | r Feature Diagram Editor r Feature Diagram Configurator
@ /;\ StudentCoursePlanner -3 /k StudentCoursePlanner
e A security_policy T A security_palicy
A must_log_in A must_log_in
¢ N general_propeties o A general_properties
A rmulti_language A multi_language
¢ A data o A data
¢ A student -3 A student
A first_name A first_name
A middle_name A middle_name
M last_name A last_name
A lagin_info A Jagin_info
A is_deleted A is_deleted
o A language ¢ A language
A Dutch A Dutch
A English A\ English
LS A T A BankAccount
A credit_account A
A debit_account A debit_account
¢ N database_policy ¢ A database_policy
LS A remove_student 'S A remaove_student
A mnarkStudentRermoved A markstudentRemoved
A removeStudentRecordFromDatabase A removeStudentRecordFromDatabase
.................. P ROPERW \;ALUE 5
IFEATURE FAME BankAccount FEATURE MAME credit_account
||FEATURE TYFE Mandatory feature group FEATURE TvFE Cptional feature graup
||MINIMUM CARDIMNALITY 1 MIFIMLIR CARDIMNALITY 0
|MA>(IMUM CARDIMNALITY 4 AU CARDIMALITY 4

Figure 8 feature cardinalities in an example of feature diagram

Figure 8 shows the same example from Figure 7 with cardinalities. The mandatory
feature “Bank Account” has a feature cardinality [1...4], which means that each student
should has at least one bank account, and can have up to maximal four account
information stored in the system.

Feature “Credit Account” has a cardinality of [0...4] which means each student can have
from O up to 4 credit account information stored in the system. This is also logic as a

student can only have up to 4 bank accounts.

Even though this concept is currently built into the tool, but it is not used in the UML
model mapping, and this can be extended in the future.

4.1.3 Feature Dependency

We have built both of the two types of the feature dependency into the tool. Figure 9
shows a feature diagram with one require dependency and one exclude dependency.
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Feature “must_log_in” require “login_info” means whenever we select optional feature
“must_log_in” in a configuration, then feature “login_info” also has to be selected.

Feature “removeStudentRecordFromDatabase” has an exclude relationship with feature
“is_deleted”, which means if “removeStudentRecordFromDatabase” is selected, then we

can never select feature “is_deleted” in the same configuration. Vice versa is also valid.

Feature Diagram Editor

e A\_ studentCoursePlanner

¢ A SeCUrity_policy

A must_log_in
T A general_properies

A multi_language
e A data

9 A student

first_name
middle_name
last_name
login_info

is_deleted

B o> v e e

languane
A Dutch
A English
¢ A Bankiccount
A credit_account
A dehit_account
9 A database_paolicy
¢ A remove_student
AN markStudentRemoved

A removeStudentRecordFromDatabase

: FEATURE RELATION DEFEMDED FEATURE
§§ must_log_in Fequire login_info
“||removeStudentRecordFromDatabase Exclude is_deleted

Figure 9 feature dependencies between features in a feature diagram example.
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4.2 UML Modeling
4.2.1 UML Diagram Feature Annotation

In the UML diagrams a single annotation is used to indicate that a feature is mapped into
a UML element, which is:

[FEATURE feature_name]
where “feature_name” is the name of the feature which is mapped into this UML element.

This annotation is used in both class diagrams and sequence diagrams. Figure 10 gives a
few examples of UML element/feature mappings.

<<FEATURE lagin_info=>
Laogin
&suserhame : Strng
Class &password © String
¥changePassword])
=%
Course
& coursehame atring
Attribute &< <FEATURE multi_language=> taughtinLanguage : String
& courselD Integer
¥netCourselDByMame(Mame : String) © Integer
ApplicationServer
Operation 1 ®<<FEATURE must_log_in=> loginfuserMame © String, passward © String)
I ‘registerCuurae[cnurseName : Sting, studentMame : String) © Boolean
unregisterStudent(studentMame : String)
El D Logical Wiew
N . Component Clazz Diagram
Sequence i <<FEATURE rust_log_ine> Log In
Diagram ﬂ' Reqister Course
el Unregister Student

Figure 10: a few examples of the UML element/feature mappings.
In the examples the following mappings are shown:

= The feature “login_info” is mapped into the class “Login”;

= The feature “multi_language” is mapped into the attribute “taughtInLanguage” in
the class “Course’;

= The feature “must_log_in” is mapped into the operation “login” in the class
“ApplicationServer”;

= The feature “must_log_in" is mapped into the sequence diagram “Log In”.
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4.2.2 UML Element Types

Currently we have only mapped the feature in the feature model into class diagrams and
sequence diagrams. Figure 11 shows the relationship between features and UML
elements.

Alternative Optional
Feature Feature

Feature

UML
Element

R Attribute in Sequence
Operation in .

Message in Object in
sequence sequence
diagram diagram

Figure 11 Mapping relationships between features and UML elements.

There are two types of mapping: direct mapping and indirect mapping. In class diagrams
and sequence diagrams there are following elements which we can directly map features
into:

= (lass
Both alternative features and optional features can be mapped into a class directly.
= Attribute in a class
Same as a class, both alternative features and optional features can be mapped
into an attribute of a class directly.
= Qperation in a class
Same as a class, both alternative features and optional features can be mapped
into an operation of a class directly.
= Sequence Diagram
A sequence diagram is special type of UML Element which we can only map
optional features to. The reason for this is if an alternative feature needs to be
mapped into sequence diagrams, then for each option in this alternative feature we
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need to make a sequence diagram. Instead of mapping an alternative feature to a
sequence diagram, we map each feature option in the alternative feature to a
sequence diagram.

In class diagrams we have mapped the features directly into the following two types of
UML elements:

Attributes in class
When a feature is mapped into a class, then all the attributes in the class get this
mapping automatically.

Operations in class
When a feature is mapped into a class, then all the operations in the class get this
mapping automatically.

In sequence diagrams the features are mapped into the following two types elements
indirectly:

Objects in a sequence diagram

For a correct sequence diagram, each object in the sequence diagram should have
a base class. Consequently if a feature is mapped into a base class, then all the
object instances of this class get this mapping automatically.

Messages in sequence diagram

For the same reason as objects in a sequence diagram, each message should be an
operation of the receiver object’s base class. If a feature is mapped into an
operation in a class, then all the corresponding messages of this operation get this
mapping automatically.

With the current implementation of the FeaturetUML tool we only map optional and
alternative features into UML elements, as only these two features will need to be
configured during the product configuration phase, the mandatory features should always
be present in all the members of a product line.

Figure 12 and 13 show a class diagram and a sequence diagram respectively which we
have mapped features into the UML elements directly in the diagrams.
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ApplicationSerner

Interface

$<<FEATURE must_log_in=> login(userMame : String, password : String)
®studentLoggedin(studentlD : Integer) 1 ®registerCourse(courseNarme © String, studentMame : String) © Boolean
SunregisterStudent{studentame : String)

DatabaseSerer

$:<FEATURE must_log_in=> login{useMame : String, password : String) : Boolean

@ <<FEATURE multi_language>> mayRegister(courselD : Integer, studentlD © Integer) : Boolean
SregisterCourse{courseMame : String, studentMame : String) : Byte

®2<FEATURE remove_student=> removeStudent(studentMame © String)

.

Student Course
&firsthame : String &rcourseMarme : String
&<<FEATURE middle_names> middleMarne : String &<<FEATURE rmulti_languages= taughtinLanguage : String
&lastiame : String &courselD : Integer
SpstudentlD : integer
& <<FEATURE multi_language>> preferedLanguage : Sting getCourselDByName(Name : String) : Integer

& <<FEATURE login_info=> loginfo : Login

SyetStudentiDByName{Name - String) : Integer
%< «FEATURE login_info>> setLogin{login : Login)

Ik
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Login Planner
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&passward : String &coureslD : integer
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Figure 12: an example of UML model mapping into features.
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Figure 13: an example of UML feature diagram mapping into features.
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4.3 Feature Diagram Configuration

In the product configuration phase we have to configure feature diagrams which are
created during the feature modeling. For this process we can take any feature diagrams
from the feature models as input and perform a select/unselect action on each optional
features and features in the alternative features.

Figure 14 shows a feature diagram which needs to be configured. All the optional
features and the features in an alternative features are marked red. There is an exception
case here; with each feature marked in red (except the exception case) we can do one of
the three actions:

= Select: this feature will be marked as selected in the final configuration.
= Unselect: this feature will be marked as unselected in the final configuration.
= Undecide: the feature can be configured in a later stage.

Feature Diagram Editor r Feature Diagram Configurator I

e fl\, StudentZoursePlanner_config
? A SRCLUrity_policy
A must_log_in
e A neneral_properties
A multi_language
e A data
¢ A Student
A first_name

A middle_name
2 Select
2 Unselect

® Undecide

A last_name

A loin_info

? A database_paolicy
¢ A remove_student
A markStudentRemoved

A removeStudentRecordFromDatabase

Figure 14: configuration of a feature diagram.

FeatureUML also supports staged configuration. This concept is first introduced in
[Czarnecki, 2004]. Staged configuration means that the process of specifying a family
member may be performed in stages, where each stage eliminates some configuration
choice. The need for staged configuration arises in the context of software supply chains
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[Greenfield and Short, 2004]. In general, supply chains require staged configuration of
platforms, components, and services. However, staged configuration may be required
even within one organization. For example, security policies could be configured in
stages for an entire enterprise, its divisions, and the individual computers. The enterprise
level configuration would determine the choices available to the divisions, and the
divisions would determine the choices available to the individual computers.

In FeatureUML a configuration may have features which are not configured (marked as
“Undecided”). It is valid to use a not completely configured feature diagram to process
UML models. Those UML elements which have mappings with those features which are
not configured yet will be untouched in the process. This configuration file can be
configured further at a later stage. Figure 15 shows a configuration on a feature diagram,
the selected features are marked green, and the unselected features are marked gray.
There are still a few features in the diagram marked in red, which means they are not
configured yet and can be configured at a later stage.

[ Feature Diagram Editor [ Feature Diagram Configurator |_

e A\ StudentCoursePlanner_config
9 A SRCUrity_policy
A must_log_in
9 A neneral_properies

T multi_language

9 A data
¢ M Student
A first_name

A middle_name
A last_name
A loin_into
? A database_paolicy
? A remove_student
AN markStudentRemoved

A removeStudentRecordFromDatabase

Figure 15: an example of staged configuration on a feature diagram.
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4.4 UML Model Processing

44.1

Rules

UML model processing takes a configuration file and a UML model as input and checks
the UML elements in the UML model which have mappings with the features from the
configuration files. After the processing, the UML model should not contain any feature
mapping annotations any more for those features which have been configured in the
configuration file.

There are basically three types of operations which can be performed on a UML element
which a feature is mapped into:

Feature marking elimination

If a UML element is marked to a feature which is selected in the configuration,
then the feature marking will be removed from this UML element. For example, if
a feature is mapped into a class as following:

[FEATURE login_info] Login

then after the processing the feature marking is gone, and the element looks like:
Login

UML element elimination

If a UML element is marked to a feature which is unselected in the configuration,

then the UML element is simply removed from the UML model after the process.
For example a feature is mapped into an attribute in class “Student” as following:

[FEATURE login_info] login: Loginy;
After the processing this attribute is simply removed from the class “Student”.

UML element substitution: if a mandatory or selected optional alternative feature
is mapped into a UML element, and there is an option from the alternative feature
which has been chosen, then this UML element’s name will be substituted with
the name of the selected option from the alternative feature. For example the
feature “removeStudent” is mapped into an operation in a class as following:

[FEATURE removeStudent] removeStudent();
The alternative feature “removeStudent” has two options:
“markStudentRemoved” and “removeStudentRecordFromDatabase”. If the option

“removeStudentRecordFromDatabase” is chosen from this alternative feature,
then after processing the operation will look like this:

33



removeStudentRecordFromDatabase () ;

So the feature marking is gone and the name of the operation is substituted with
the name of the selected option from the alternative feature.

4.4.2 Processes

The details of processing each type of UML elements are described below:

1.

Feature marking elimination

When this action is applied on a UML element, except the feature marking is

removed from the UML element, no further action is performed.
UML element elimination
A. Sequence diagram: the sequence diagram is removed from the UML model,
and no further action is taken.
B. Attribute in a class: the attribute is removed from the class, and no further
action is taken.
C. Operation in a class: the operation is removed from the class, all the messages
corresponding to this operation are removed from sequence diagrams, and no
further action is taken.
D. Class
a) All the attributes in this class are removed; the process of removing each
attribute follows the process described in 2.B.

b) All the operations in this class are removed; the process of removing each
operation follows the process described in 2.C.

c) All the objects derived from this class are removed from all the sequence
diagrams

d) This class is removed.

UML element substitution

When this action is applied on a UML element, the name of the UML element is

substituted and the feature marking annotation is removed from the UML element.

No further action is performed.
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5 FeatureUML Tool

For the FeaturetUML method we have built a prototype to demonstrate the ideas. In this
section we will describe issues related to the tool.

5.1 General Goal

The general goal of this tool is to create an environment which supports the FeaturetUML
method. The major activities defined in the FeatureUML method should be realized in
this tool, and these major activities include: feature modeling, feature configuration, and
UML model processing. UML model are made in Rational Rose (Release version:
2002.05.00).

5.2 Tool Requirements

The major functionalities in the FeatureUML tool are divided into four groups, and these
major functionalities are explained in the following sections.

5.2.1 Environment Description

The environment of the tool is shown in Figure 16. Feature models are made in the
FeatureUML tool, and these feature models should be saved into the hard disk in XML
format. The FeatureUML tool should be able to load the existing feature models back
when they are needed.

The feature configuration is also done in the FeatureUML tool. The configured feature
models for a single member of the product line should be saved into the hard disc in
XML format. The FeatureUML tool should also be able to load the existing configured
feature models back when they are needed.

The UML models are made in Ration Rose, and they are exported from the Rational Rose
into XML files by using XMI (XML metadata Interchange format). The FeatureUML
should be able to load these UML models and process them against a special configured
feature model. After model processing the output of the UML model should be saved
back to disk in XML format again. This processed UML model should comply with the
original UML model format so it can be imported back to Rational Rose for viewing.
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model in XML Model in XML

Feature Model Configuration
In XML

Figure 16: the environment of the FeatureUML tool.
5.2.2 Required Functionalities
The functionalities of the tool are divided into three main groups: feature modeling,

feature model configuring, and UML model processing.

36



1. Feature Modeling

The users should be able to create feature models. Each feature model contains
multiple feature diagrams. Each feature diagram consists of mandatory features,
optional features, mandatory alternative features, and optional alternative features.
Thus the users should be able to create new feature diagrams in a feature model,
and the users should also be able to create all these four types of features in each
feature diagram.

Each feature model should be saved into hard disk in XML format, and the tool
should be able to load the existing feature models. The users should be able to
modify the feature diagrams in the feature model, and the features in each feature
diagram. The users should also be able to remove feature diagrams from a feature
model and features from a feature diagram.

2. Feature Model Configuring

The tool has to allow uses to configure an existing feature models for a product
line. So after a feature model is loaded into the tool, the user can decide which
optional features should be selected or deselected; which feature options in the
alternative features should be selected. The users don’t have to configure the
mandatory features, as they are always present for all the members of the product
line.

The configuration can be preformed in stages, which means that users don’t have
to configure all the optional and alternative features at one go. The users should
be able to save the configured feature model onto hard disk in XML format at any
stage as they wish. These configurations can be loaded back into the program
again at a later stage for further configuration.

3. UML Model Processing

The tool should be able to load an UML model in XML format for a product line
which is made in Rational Rose. The users should be able to process this UML
model against a special configuration of a feature model. This configuration
doesn’t have to be completed, which means it is possible to have not configured
optional and alternative features in the configuration. Those UML elements which
have mappings with those not configured features should not be processed during
the UML model processing. The output UML model after the processing should
be saved back into the hard disk in XML format again, and the file should comply
with the original UML model file format so it can be imported back to Rational
Rose for viewing.

5.3 Tool Design

In this section we give an introduction to the design issues of the FeatureUML tool.
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5.3.1 Data Structure Analysis

The FeatureUML tool has to handle three different kinds of data, feature diagrams,
configuration of the feature diagram, and UML models, and all these three kinds of data
exist for the purpose of a product line. So we organize data in the program in a project.
Project is the container for a product line software system, and a project contains the
following elements:

= Feature model of a product line: each feature model contains multiple feature
diagrams;

=  UML model of a product line: each product line can contain multiple UML
models;

= Specialization for a member of the product line.

Each specialization contains the following two types of data again:

= Configuration of the feature model for a member of the product line
= Processed UML model for a member of the product line

5.3.2 Use Cases

Based on the required functionalities and the data structure analysis from the tool, we
have divided the use cases of the tool into the following four categories.

1. Project

a. New project — to create a new project.
b. Load project — to load an existing project.
c. Save project — to save a project and all the contents in this project into files.

2. Feature Diagram

New feature diagram — to create a new feature diagram

Remove feature diagram — to remove an existing feature diagram

New Mandatory Feature — to create a mandatory feature in a feature diagram
New Optional Feature — to create an optional feature in a feature diagram
New Mandatory Alternative Feature — to create a mandatory alternative
feature in a feature diagram

New Optional Alternative Feature — to create an optional alternative feature
in a feature diagram

g. Remove feature — to remove an existing feature from a feature diagram

h. Define dependency — to define dependencies between the features in a feature
diagram

opo o

]

3. Specialization
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c.

New specialization — to create a new specialization; each specialization
represents a single member of the product line.

Delete specialization — to delete an existing specialization.

New configuration — to create a new configuration for a specialization. For
each specialization multiple configurations can be created. Each configuration
takes a feature diagram from the project as input, and users can perform
configuration actions on the features from this feature diagram.

Update configuration — it is possible to update a configuration if the input
feature diagram is changed for convenience. After updating, the configuration
contains the same features again as in the input feature diagram.

Delete configuration — to delete a configuration from a specialization.

4. UML models

a.

Load UML model — to load an existing UML model. The UML models are
made in Rational Rose (version: 7.6.0109.2314; release version: 2002.05.00)
and the file format of the UML models is XML file. For each project multiple
UML models can be loaded.

Delete UML model — to delete a loaded UML model from the project.
Process UML model - this function can only be performed in a specialization
after at least one feature diagram has been configured for this specialization.
The process takes a configuration from the specialization and a UML model
from the project as input, and process the UML model against the
configuration. After processing the output UML model is part of the
specialization where the configuration is taken from.

Reprocessing UML model —FeatureUML supports staged configuration. If a
configuration is further configured, we can process the UML models which
have been processed against this configuration again.

5.3.3 Architecture

FeatureUML uses a layered architecture which is shown in Figure 17. There are three
layers in the architecture:

1.

Data Layer

This is the bottom layer of the architecture and it holds all the data in the program,
such as features, feature diagrams, configuration, UML models, etc.

GUI Layer

GUI layer contains two sub-layers. The bottom sub-layer holds all GUI data
models which hold the data part for all the GUI components. The top sub-layer is
the GUI representation which contains all the visual components from the
program.

Top Layer

The top layer is the container which holds all the GUI layer components together,
and organizes all the GUI components to react on the user commands.
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GUI Representation

GUI Data Model

Figure 17: the layered architecture of Feature UML.
The data flow in FeatureUML also follows the guideline from layered architecture, which

is that data can only go upwards, but not downwards. So in this program data can only go
from Data Layer to GUI Layer and to Top Layer, but not another way around.

5.3.4 Static Model — Packages and Classes

All the classes in FeatureUML tool are grouped into the following three packages by
following the architectures, and the packages are shown in Figure 18.

top
ugés uses
man_GLU man_data
------------- HSES ---------- 3

Figure 18: the packages in FeatureUML.

The details of each package are explained in the following a few sections.
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5.3.4.1 Package man_data

This package contains classes for three different purposes:

1. Feature — there are a set of classes which hold information related to a feature;

2. UML Element - there are a set of classes which hold information related to a
UML element from a UML model;

3. Container — there are a set of classes which act as data container, which means
that an object instance from this type of class can multiple object instances from
other type of classes.

5.3.4.1.1 Feature Data Class Hierarchy

The hierarchy of the feature data classes is shown in Figure 19.

Feature UWLElement

Foature FeatureDependency

FeatureGroup

Featuredlternative

Figure 19: feature data class hierarchy in FeatureUML.
1. FeatureUMLElement

This is the base class for both features and containers categories. This class holds
three attributes:

a. parent: type of FeaturetUMLElement, to indicate the parent element of this
element;
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b. elementName: type of String, to indicate the name of this element;
c. changed: type of Boolean, to indication if this element’s attributes have been
changed.

This class contains operations related to retrieving and changing the values of
each attribute, and the basic structure of saving functionalities is also built in this
class.

Feature

This class extends FeaturetUMLElement and it is the base class for all types of
features. This class contains four attributes:

a. minCardinality — to indicate the minimum cardinality of this feature;

b. maxCardinality — to indicate the maximum cardinality of this feature;

c. configState — to indicate the configuration state of this feature. The
configuration state can be one of the following three: selected, deselected, or
undecided;

d. previousConfigState — to hold the previous config state. This field is used
during the configuration process. When a use tries to select or unselect a
feature from the feature diagram, the previous configuration state is held in
this field. If the select or deselect action is not successful, then the
configuration state of this element is set back to the previous configuration
state.

This class contains operations related to retrieving and changing the values of

each attribute, and it also contains special procedures for saving this feature into a
XML file.

FeatureGroup

This class extends Feature and contains a child feature list. Each feature from
feature diagram in FeatureUML is represented by an object of the class
FeatureGroup. If a feature contains other features, then those features are held in
the child feature list of this object as references. If a feature is a leaf feature, then
the child feature list of this object is simply empty.

This class also holds the functionalities of manipulating a feature or the features
in the child feature list.

FeatureAlternative
This class extends FeatureGroup and it is to represent an alternative feature. An

alternative feature is a special type of feature-group as only one of the child
features from this group can be selected for each member of the product line.
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5. FeatureDependency

This class is to describe the “exclude” or “required” relationship between two
features.

5.3.4.2 UML Element Data Class Hierarchy
This set of classes is designed to hold the UML elements from a UML model. The

hierarchy of this set of classes is shown in Figure 20 and the class composition relations
are shown in Figure 21.

UMLClass UMLElerment
Diagrarm 1 {}\UMLEIement
Feature
UMLClass
Ohject LIMLAssociation
End
ULMessage WEET) UmMLAssociation
Element
UMLClass UMLClass t\
LIMLCI
UM LM odel Attribute Operation UMS.SEC]UE”CE 258
YWrapper JEfp]Elii

Figure 20: UML element data class hierarchy in FeatureUML.

1. UMLModelWrapper

This is the top container which holds a list of class diagrams, a list of sequence
diagram, and a list of feature mappings between the UML elements from this
UML model and the features from the feature model. It also contains
functionalities of loading and saving the UML models.

2. UMLElement

This is the base class for all the UML elements. It contains the following
attributes which are required for all of the UML elements:

= xmiid: the XMI id from this UML element in the export XML file of the UML
model;

= name: the name of this UML element;

= parent: the parent UMLElement of this UML element.
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This class also contains operations related to retrieving the values of the attributes.

UrALMadelrapper

UMLZequenceDiagram UMLClassDiagram UMLElementFeaturs

AN

UMLClassObject UM essage UMLClass UndLAssociation

[N

UMLClagsattribute | | UMLClassOperation UndLAssociatianEnd

Figure 21: UML element data class composition relations in FeatureUML.

3.

UMLClassDiagram

This presents a class diagram in the UML model; it contains a list of UMLClasses,
a list of UMLASssociations, and relevant functions.

UMLClassObject

This class represents the objects in the sequence diagram which are derived from
the classes in the class diagrams.

UMLASssociation

This class represents the association relation between two classes in a UML
model. Each UMLAssociation contains two UMLAssciationEnds.

UMLAssociationEnd

This class represents a participant class in an UMLAssociation.
UMLMessage

This class represents a message in a sequence diagram.

UMLMapElement
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10.

1.

12.

13.

This class extends UMLElement and is the base class of all UML elements which
can have a direct mapping with a feature. The mapped UML elements include
UMLClassAttribute, UMLClassOperation, UMLClass, and
UMLSequenceDiagram.

UMLClassAttribute

This class extends UMLMapElement and represents an attribute in a class.
UMLClassOperation

This class extends UMLMapElement and represents an operation in a class.
UMLSequenceDiagram

This class extends UMLMapElement and represents a sequence diagram in a
UML model. It contains of a list of UMLObjects, a list of UMLMessages, and
relevant functions.

UMLClass

This class extends UMLMapElement and represents a class in a class diagram
from a UML model. It contains a list of UMLClassAttributes, a list of
UMLClassOperations, and relevant functions.

UMLElementFeature

This class doesn’t represent a feature in the feature diagram. It is used to hold the
feature marking information in a UML model.

5.3.4.2.1 Container Data Class Hierarchy

This set of classes act as containers in FeaturetUML; they hold other data in the memory.
The hierarchy of the structure is shown in Figure 22.

1.

Project

This is the top container which holds a list of FeatureDiagram instances, a list of
Specialization instances, and a list of UML models.

FeatureDiagram
This container holds all the features from this feature diagram.

Configuration
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This container is specialized FeatureDiagram, which holds except the features
from this feature diagram, but also the configuration information, such as if an
optional feature is selected, unselected, or undecided yet.

4. Specialization

This container holds a list of configurations and a list of processed UML models.

FeaturelUMLElement

FeatureDia . Speciali
Froject .
gram Zation
Feature

Configuration

Figure 22: container data structure in FeatureUML.

5.3.4.3 Package man_GUI

1

3 4y T

pene : W F'ane\UML\-‘-“-‘_ - 5] PanelUMLF eature
DialogDefine . - - PanelFeature 2™ PanelConfiguraitan PanelProject anelFeaturs| MapTable
Dependency Properties Tree Tree [izgamilies hodellies
v pn : 4
FeatureDiagramD epe || FeatureConfiguration | FeatureProperty | | FeatureUmLconfiguration| | FeatureUMLTreeCellRender
ndencyTablehdodel || PropernyTabletodel | Tablehbdodel TraeCellRandar

Figure 23: the GUI classes and dependencies in the Feature UML.
The GUI classes are shown in Figure 23. This set of classes is divided into three levels:
1. Bottom Level — data models and visual component renders
These classes are designed to hold the data for the middle level visual components

or to hold the information how the visual components look like. There are five
classes on this level which are:
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opo o

FeatureDiagramDependencyTableModel
FeatureConfigurationPropertyTableModel
FeaturePropertyTableModel
FeatureUMLConfigurationTreeCellRender
FeatureUMLTreeCellRender

2. Middle Level — visual components

These classes are the forms which users can see and interact with. These classes
depend on the classes in the bottom level. There are seven classes in this level:

a.
b.
c.

g

DialogDefineDependency — to define the dependencies in a feature diagram;
PanelFeatureProperty — to show the properties of a selected feature in a table;
PanelConfigurationTree — to display a feature diagram tree with which users
can perform configuration actions;

PanelProjectTree — to display the project structure and the components in this
project;

PanelFeatureDiagramTree — to display a feature diagram tree;
PanelUMLModelTree — to display an UML model in a tree structure;
PanelUMLFeatureMapTable — to display the summary of feature-UML
element mappings in a table.

3. Top Level — IDEMain

This class holds all the visual classes in the middle level together.

5.3.4.4 Package Top

This package is the default package of the tool, and it only contains one class
FeatureUML. When the tool starts, this class is loaded and run.

5.3.5 Dynamic Model — Sequence Diagrams

In this section we will show a few sequence diagrams which realize the major use cases
described in section 5.3.2.

5.3.5.1 Load Project

The sequence diagram “Load Project” is shown in Figure 24. The steps involved in this
sequence diagram to load a project are as following:

1. A user selects the menu item “Load Project” from the main form of the tool.

2. The main form opens a file selector to let the user to select a file from the hard
disk.

3. After the use selects a project file, the tool starts to load the project XML file into
memory.
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An object of class Project is created to hold all the information from the project
file.

5. The main form informs PanelProjectTree to display the loaded project in a tree
structure.
) rain : IDEMain panelProjectTree :
allser : user -
. PanelProjectTres
loadProject :
Q openFile Selector
selectFile )

= lloadSelectedProjectFile

PER— createProject Object

showPrmjectTree

Figure 24: sequence diagram “Load Project” from FeatureUML tool.

5.3.5.2 New Mandatory Feature

The sequence diagram “New Mandatory Feature” is shown in Figure 25. The steps
involved in this sequence diagram to create a new mandatory feature are as following:

1.

kW

A user selects the menu item “New Mandatory Feature” from the main form of
the tool.

The main form checks with PanelFeatureDiagramTree if a feature in the feature
diagram is selected as the parent of the new feature. If yes, continue.

The main form prompts the user to enter a name for the new feature.

The main checks if the new name is duplicated in the project. If no, continue.
The main form creates a new object of FeatureGroup, and sets the mandatory
cardinality to this new object.

The main form informs the FeatureDiagram object to add this new feature.

The main form informs the PanelFeatureDiagramTree object to add this new
feature.

The main form informs the PanelFeatureDiagramTree object to repaint.
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aUser © user main ; |IDEMain featureDiagramTree : featureDiagrarn : project :
E— PanelFeatureDiagramTree EeatureDiagram Project
newhdandataryFeature
isFeatureSelected
enterF eatureMame o
checkMarmeDuplication
1 createMewFeaturaGroup
e 1 setMandatoryFeatureCardinality
' addFeature '
addFeature I I
repaintFeatureTree

F iguTre 25: sequence diagram “New Mandatory Feature” in FeatureUML.
5.3.5.3 Configure Feature Diagram

The sequence diagram “Configure Feature Diagram” is shown in Figure 26. The steps
involved in this sequence diagram to configure a feature diagram are as following:

1. A user set a feature on focus from the feature diagram shown in
PanelConfigurationTree object.

2. The user gives command to set the configuration status of this feature to selected.

3. The PanelConfigurationTree object informs the Configuration object to select a
feature.

4. The Configuration object makes a few checking and tries to select this feature (the
detailed rules of this step are explained later).

5. After the feature is selected, the Configuration object informs the
PanelConfigurationTree object to update the configuration tree.

There are some automated consistency mechanisms and checking which have been built
into the configuration process.

When a feature is selected, the following process is carried out:
1. Check if there are any other features which have an exclude relation with this
feature. If yes and one of those features is already selected, then this selection is

rejected.
2. This feature is selected.
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3. If this feature requires other features, we try to select those features as well. If the
selection of other features is not successful, we roll back.

4. If the parent of this feature is not selected, we try to select the parent
automatically. If the selection of the parent is not successful, we roll back.

When a feature is deselected, the following process is carried out:

1. Deselect this feature;
2. If there are other features which require this feature and they are also selected,

then deselect those features as well.

This auto-selecting/deselecting helps the configuration go faster, and the checking
guarantees that outcome from the configuration is correct.

X

] configurationTree ; config
aUser . user FanelConfiguraitonTree Confi gur ation
I setFeatureFocused

selectFeature

selectFeature 0

checkExcludeFeatures

selectFeature

selectFeatureParent

selectRequiredF eature

I

updateConfigTree

=
'

Figure 26: sequence diagram “Configure Feature Diagram” in FeatureUML.
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5.3.5.4 Process UML Model

The sequence diagram “Process UML Model” is shown in Figure 2u. The steps involved
in this sequence diagram to process a UML model for a member of the product line are as
following:

1. A user selects the option “Process UML Model” from the main menu the main
form.

2. The main form prompts the user to select a configuration.

3. The main form prompts the use to select a UML model for the product line.

4. The main informs the UMLModelWrapper object to process the selected UML

model against the selected configuration.

The UMLModelWrapper makes a copy of the selected UML model.

The UMLModelWrapper processed the copy the selected UML model.

7. After the UML model is process, the UMLModelWrapper object sends the
process UML model to the main form.

8. The main form informs the PanelUMLModelTree object to display the processed
the UML model in a tree structure.

SN

X

e e main : IDEMain urnlModel : urnlbodel Tree :
_ LIt hodelrapper PanellUMLiodelTree

processUMLodel

selectConfigurat ion

selectUMLModel

processhodel

PE— createlMLMaodelCopy

PER— processUMLModelCopy

UnModellsProcessed

showProcessedUMLModelTree

—r

Figure 27: sequence diagram “Process UML model” in FeatureUML.
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5.4 Tool Implementation
5.4.1 Source Code

The program is written in Java and can be run on the J2SE platform (Java 2 Standard
Edition 6). Apart from the core API functions from the J2SE platform we have used the
following external packages to implement this tool:

= xml-apis.jar

= xercesImpl.jar

= xercesSamples.jar

= javax.xml package from the J2EE (Java 2 Enterprise Edition 5) platform.

These packages are mainly used for loading UML models and saving the internal data
structure into a file in XML format.

5.4.2 File Structure

The file structures from FeatureUML are exactly the same as shown in the main interface.
Figure 28 shows an example of the file structure. The root directory is the project name,
under project root there are three directories:

= Feature Diagrams
= Specializations
= UML models

The contents of each directory are the same as internal project structure. Only differences
are:

= Project file — under project root a project file is made, and this file stores the
locations of other content files of this project.

= Specialization file — under each specialization directory a specialization file is
made, and this file stores the locations of all the configurations files and processed
UML models from this specialization.

All the files saved in FeaturetUML are in XML format. There are following file
extensions which are created in FeatureUML:

=  FeatureUML Project XML file (.fpx): project file extension

=  FeatureUML Feature Diagram XML file (.fdx): feature diagram file extension
= FeatureUML Specialization XML file(.fsx): specialization file extension

=  FeatureUML Configuration XML file (.fcx): configuration file extension
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Figure 28: FeatureUML file structure.
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6 Case Study — Navigation System

In this chapter we are going to show a case study of navigation system. We won’t show
the whole feature models and UML models of the navigation system, but only a portion
of the system to demonstrate our ideas.

6.1 Variation Points of Navigation System

1.

Map Media

First we will show two variation points in a navigation system. Navigation
systems can be used in different kind of hardware, such as mobile telephones,
PDAs, or CD players. For each different type of hardware where a navigation
system is run, it is very likely that we will use different map media to store the
map information. For example, for CD players we will use CDs to store the map;
for PDAs we will use flash cards to store the map. This is the first variation point
in our navigation system and we call this variation point as “Map Media”.

Voice Guide

Very often a navigation system has a voice guide function, but this is not always
necessary. For some cheap versions we can only show the route on a map without
a voice guide. So with or without voice guide represents the second variation
point in our navigation system and we call this variation point as “Voice Guide”.

Route Selection

These days a navigation system is not only used by car drivers, but also by the
people who cycle or simply walk. The route that the navigation system calculates
is definitely different for a car user or a bicycle user. Even for car user along there
might also be different route types, such as with highway or without, with toll
way or without, etc. All these different types of route for a different purpose
present the third variation point in out navigation system and we call this variation
point as “Route Selection”.

Map Zoom
When a map is viewed, the users might want to zoom in the map to see the details
or they might want to zoom out to get an overall picture of the whole area. This

zoom in and out function becomes our fourth variation point and we call this
variation point “Map Zoom”.
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5. Multilingual

To make software multilingual is very common these days; especially in Europe
we also have the needs to make software multilingual. Thus we also add this
variation point to our navigation system and we call this navigation point as
“Multilingual”.

6.2 Feature Diagram of Navigation System

The variation points described above are represented as optional features and alternative
features in the feature diagram in Figure 29.

FeatureUML
Project Feature Diagram Specialization UML Models

o [ Mavigation System UML Model | UML-Feature Mapping |
¢ (B Feature Diagrams E Feature Diagram Editor r Feature Diagram Configurator |

Jb MavigationSystern ¢ A [NavigationSystem

UML Diagrams A ¢ ™ Functionalities
Specializations ¢ AN wiew_map

A zoam_rmap

? A generate_route
A select_route_type

? At woire_guide
A generate_voice_duide
At adjust_voice_wolume
A set_woice_gender
At switch_woice_guide_on_off

T A set_languane
A English
A Duteh

¢ A HardwareControllers

T A map_media_contraller
At cd_reader
A flash_card_reader

At speaker_controller

3 FEATLIRE RELATION CEFEMDED FEATURE
Hlvoice_ouide Fequire speaker_contraller
§§ WiEw_map Fequire map_media_contraller

Figure 29: the feature diagram of the Navigation System.
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Map Media

In the feature diagram “NavigationSystem” there is a section
“HardwareControllers” which contains the hardware controllers required for the
system. In this section there is one mandatory alternative feature called
“map_media_controller”; it has two optional features ‘“cd_reader” and
“flash_card_reader”. These features correspond to the ‘“Map Media” variation
point. When we use a CD player to run the navigation system, then the feature
“cd_reader” should be selected. If the navigation system is run on a PDA, then the
“flash_card_reader” feature should be selected.

Voice Guide

In the section “Functionalities” there is an optional feature called “voice_guide”
which corresponds to the variation point “Voice Guide”. When this optional
feature is selected, then the final product should contain voice guide function.
Logically the function “generate_voice_guide” will required speaker controllers,
so we have also add an optional feature “speaker_controller” in section
“HardwareControllers”. We also made a require relationship that
“generate_voice_guide” requires the feature “speaker_controller”, and this is
shown on the bottom part of the right hand side window in Figure 29. These two
features together implement the variation point “Voice Guide”.

Route Selection

In the section “Functionalities” an optional feature “select_route_type” is added
under the mandatory feature “generate_route”. This feature means when a route is
calculated, we have to take the route type that a use has selected into account.

Map Zoom

In the section “Functionalities” an optional feature “zoom_map” is added under
the mandatory feature “view_map”. This feature means when a map is viewed by
a user, the system should allow the user to zoom in or out the map.

Multilingual

In the section “Functionalities” there is an optional feature called “set_language”.
We have only added two optional features under this alternative feature, which
are “set_language_to_English” and “set_language_to_Dutch” respectively. This
two language settings represent the multilingual environment in our navigation

system.
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6.3 UML Model of Navigation System

In the “Navigation System” UML model we have made one class diagram and two
sequence diagrams.

6.3.1 Class Diagram

The class diagram is shown in Figure 30. There are eight classes which are defined in this
class diagram. We will go through these classes to see how the features in the feature
diagram described in section 6.2 are mapped into the UML elements.

Datallnit
&< <FEATURE switch_voice_guide_on_off=> voiceGuideOn « Boolean
GllIMain &=<FEATURE set_voice_gender=»> uesFemale'oice - Boolean
& <<FEATURE adjust_vaice_volume>> voiceVolume : Integer
'ruule\sShuwnO %«FEATURE select_route_type== routeType : Integer

&2 <FEATURE switch_voice_guide_on_of=> setPreferenceVoiceGuideOn(on « Boolean)
1 %< <FEATURE set_voice_gender>> setPreferencelseFemaleVnice(useFemaleioice - Boolean)
< <FEATURE switch_voice_guide_on_off=> getPreferenceoiceGuideOn:baolean()
S <FEATURE set_voice_genders> getPreferencelseFemaleVoice: boolean()
$<FEATURE set_languages> setlanguage()
1 %2 <FEATURE adjust_voice_volumes> adjustyoicetoluma()
1 1/_/? < <FEATURE select_route_type=> setRouteType()
%< <FEATURE select_route_type>> getRouleType()

Mavigator
&<<FEATURE generate_voice_guide=> toGenerate’/oiceGuide : Boolean <<FEATURE generate_voice_guide»>
P — 1 L Waice GuideUnit
N teFout
ng?\%?cZGUuLildz%no ‘generate\/ulceGu\de(useFema\eVmce Boolean)
$<<FEATURE zoom_map>> zoomMap() |
®<<FEATURE select_route_t ypes> selectRouteType RouteCaleulatar

1 1 1
@calculateRouter)

1 y 1.

DisplayCantroller «<FEATURE map_redia_controllers=| | <<FEATURE speaker_controllers»
haphdediaController SpeakerCantroller
Ldisplayha
playbap SyathiapFromidedial Fyenerate’/oice(context 1 String)

Figure 30: the class diagram of the Navigation System.
1. Navigator

This class handles all the commands from user interface. It contains an attribute
“toGenerateVoiceGuide”. The attribute is marked with feature mapping
annotation “<<FEATURE generate_voice_guide>>, which means the feature
“generate_voice_guide” is mapped into this attribute. It also has an operation
“viewMap” and this operation corresponds to the feature “view_map” in the
feature diagram. As “view_map” is a mandatory feature, so the operation is not
marked with feature mapping annotation. Another two operations from this class
have mappings with the features from the feature diagram, which are “zoomMap”
and “selectRouteType”.

2. GUIMain

This is where the users interact with the navigation system.
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6.3.2

DataUnit

This class is used to store all the preferences setting from a user. There are diverse
attributes and operations which have mappings with the features
“switch_voice_guide_on_off”, “set_voice_gender”, “adjust_voice_volume” and
“select_route_type” in the feature diagram. These features are all related to
“Voice Guide” variation point.

VoiceGuideUnit

This class is to generate voice guide data and the feature “generate_voice_guide”
is mapped into this class.

Route Calculator

This class is responsible of calculating the route when a destination is chosen.
During the calculation the selected route type has to be taken into considerations.

DisplayController

This class controls the display unit from a navigation system.
MapMediaController

The alternative feature “map_media_controller” is mapped into this class and this
class has one operation “getMapFromMedia”. So no matter which of two options
from alternative feature “map_media_controller” is selected, this class has to be
able to load the map from the selected map media.

SpeakerController

This class controls the speakers from the navigation system, and the feature
“speaker_controller” is mapped into this class.

Sequence Diagram “Set Voice Guide”

This sequence diagram (Figure 31) is to set the voice guide on or off. The feature
“generate_voice_guide” is mapped into the diagram itself.
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setvoiceGuideOn( )

setPreference’oice GuideOn()

datallnit
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Figure 31: the sequence diagram “Set Voice Guide” from the Navigation System.

6.3.3 Sequence Diagram “View Map”’

This sequence diagram (Figure 32) corresponds to the mandatory feature “view_map” in
the feature diagram. In this sequence diagram there are two elements which have indirect
mappings with the feature “map_media_controller’- namely class object “map” as the
class “MapMediaController” has a mapping with the feature “map_media_controller”
and the message “getMapFromMedia()” as the operation “getMapFromMedia()” from the
class “MapMediaController” has a mapping with the feature “map_media_controller”

indirectly.
main : GUIMain navigator : map : display :
DisplayController

viewhdap( )

Mavigator

getMapFromMedial )

MaphlediaController

J

displayr‘:ﬂap()

6.3.4 Sequence Diagram “Generate Route”

This sequence diagram (Figure 33) corresponds to the feature “calculate_route” in the
feature diagram.

Figure 32: the sequence diagram “View Map” from the Navigation System.
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Figure 33: the sequence diagram “Generate Route” from the Navigation System.

In this sequence diagram the following elements have indirect mappings with the features

in the feature diagram:

Message ‘“‘getRouteType” — as the operation “getRouteType” in the class
“DataUnit” has a mapping with the feature “select_route_type”;

Message “getPreferenceVoiceGuideOn” - as the operation
“getPreferenceVoiceGuideOn” in the class “DataUnit” has a mapping with the
feature “generate_voice_guide”;

Message “getPreferenceUseFemaleVoice” - as the operation
“getPreferenceUseFemaleVoice” in the class “DataUnit” has a mapping with the
feature “generate_voice_guide”

Message “generateVoiceGuide” and Object “voice” — as the class
“VoiceGuideUnit” has a mapping with the feature “generate_voice_guide”.
Message ‘“generateVoice” and Object “speaker” — as class “SpeakerController”
has a mapping with the feature “generate_voice_guide”.
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6.3.5 Mapping List

The UML model of the Navigation System can be loaded into FeatureUML. In
FeatureUML the UML model is shown as a tree (Figure 34) and all the UML elements
that have mappings with a feature are marked red. All the directly mapping elements
from this model are also summarized in a table (Figure 35).

g f Feature Diagram Editor r Feature Diagram Configurator r UML Model r UML-Feature Mapping |

9 ] navigation_system
o CJUMLClassDiagram: 5.39_Component Class Diagram

¢ I UMLCIass: 5.1_GUIMain
D UMLClassOperation: 5.2_routelsShown

¢ CJ UMLElass: 5.10_MapMediaController, Feature_map_media_contraller
D LML ClassOperation: 5.11_gethapFromdedia

¢ I UMLClass: 5.14_Datalnit
D UMLClassAttribute: 5.15_voiceGuideOn; Feature_switch_wvaice_guide_on_off
D LML ClassAttribute: 5.16_uesFemale¥oice; Feature_set_woice_gender
D UMLClassAttribute: 5.17_voicevalume, Feature_adjust_waice_valume
D UMLClassAttribute: 5.18_routeType; Feature_select_route_type
D UMLClass0peration: 5.19_setPreferencevaiceGuideOn; Featura_switch_vaice_guide_on_off
D UMLClassOperation: 5.20_setPreferencellseFemale¥oice; Feature_set_woice_gender
D UMLClass0peration: 5.21_getPreferencevaiceGuideOn:boalean; Feature_switch_voice_guide_on_off
D UMLClassOperation: 5.22_getPreferencellseFemale¥oice:hoolean; Feature_set_woice_gender
D UMLClass0peration: 5.23_setlanguade, Feature_set_language
D UMLClassOperation: 5.24_adjustvoicetolume; Feature_adjust_woice_valume
D UMLClass0peration: 5.25_setRouteType, Featura_select_route_type
D UMLClassOperation: 5.26_getRouteType; Feature_select_route_type —

¢ LI UMLEClass: 5.12_SpeakerController; Feature_speaker_controller
D LML ClassOperation: 5.13_generateoice

9 CJ UMLClagss: 5.27_voiceGuidelUnit, Feature_generate_voice_guide
D UMLClass0peration: 5.28_generateVaiceGuide

¢ CJ UMLElass: 5.29_DisplayCantraller
D UMLClassOperation: 5.30_displayMap

F igure 34: the UML model of navigation system is loaded into FeatureUML.
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F igure 35: the summary of UML mapping elements from Navigation System.
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6.4 Configurations and UML Model Processing

In this section we will show two different configurations from the feature diagram for the
Navigation System, and we will use each of these configurations to process the UML
model and show the result of the processing.

6.4.1 Configuration 1

In this configuration we unselect the feature “zoom_map”, so the final product with this
configuration doesn’t have zoom in or out function. We allow the user to select a route
type, so the feature “select_route_type” is selected. We select the “generate_voice_guide”
feature in this configuration, which means the final product of the Navigation System
which complies with this configuration should have the “Voice Guide” function. But we
haven’t selected all the optional features in “voice_guide”. For example the feature
“adjust_voice_volume” and the feature “set_voice_gender” are left undecided, and these
two features can be configured in a later stage. We deselect the feature
“switch_voice_guide_on_off”, which means the voice guide will be always on. As
“generate_voice_guide” requires feature “speaker_controller”, so “speaker_controller” is
also automatically selected. In this configuration we don’t offer multilingual environment,
so the feature “set_language” is deselected. For the map media we choose “cd_reader”.
Figure 36 shows the configuration result.

[ FeatureumL ©7 S
Project Feature Diagra UML Model:
(& Mavigation System : Feature Diagram Configurator rUML Model r UML-Feature
¢ B Feature Disgrams : Feature Diagram Editor ‘
Ny MavigationSystam 2 A Mavigationgystern_config
¢ (B UML Diagrams ¢ M Functionalities
& navigation_system : & M view_map
¢ (& Specializations A\ anom_map
7 B testt o A generate_route
oy MavigationSystern_config | A select route_type

o A wnice_guide
A generate_voice_guide
A adjust_voice_volure
A set_wnice_gendar
A switch_voice_guide_on_off

¢ A set_language
A English
A Duteh

¢ M HardwareControllers

7 A map_redia_controller

A co_reader

A Mash_card_reader]

A speaker_controller

! PROPERTY VALUE
IFEATURE NAME flagh_card_reader
:IFEATURE TYPE Cptional feature group
SMINIMUM CARDIMALITY 0

IMAKIMUM CARDIMALITY 2147483647

4] 1l vl

Figure 36: configuration 1 of the feature diagram in Navigation System.
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Next we use this configuration to process the UML model of the Navigation System and
the processed the UML model is imported into Rational Rose again. Figures 37 shows the
UML model after processing.

There are two types of operations which have been performed on the original UML
model:

1. UML element elimination: for all the UML elements which have direct mappings

with the features “zoom_map”, “switch_voice_guide_on_off” and “set_language”
are removed from the UML model.

2. Feature marking elimination: for all the UML elements which have direct
mappings with the features ‘“‘select_route_type”, ‘“generate_voice_guide” and
“speaker_controller”, the feature marking annotations are eliminated from those
UML elements. In the class diagram (Figure 29) we don’t see any feature marking
annotations for these features anymore.

3. UML element substitution: for the UML elements which have direct mappings
with the alternative feature “map_media_controller”’, the name of the UML
element is replaced with “cd_reader”. In this case only the original class
“MapMediaController” name is changed into “cd_reader”.

Datalnit
&p<<FEATURE set_voice_gender=> uesFemalevoice | Boolean
&<<FEATURE adjust_voice_volumes> voiceialume - Integer
routeType : Integer

GUIMain

CroutelsShown)
1

$<<FEATURE set_voice_genders> setPreferenceUseF emaleoice(useF emaleoice : Boolean)
S<<FEATURE set_voice_gender=> getPreferenceUseFemaleioice: boolean()

%2 <FEATURE adjust_voice_volumes> adjustvniceYolumean)

®setRouteType)

®getRouteTypel

1 1
Mavigator
Q}IUGeneraleVmceGuide Boolean

1 1 WoiceGuidelnit
Signtrap] —_— q
generateRoute() 1 generate’VoiceGuide(useFemalevoice : Boolean)

SzatvniceGuideOn])
®selectRouteType) 1
1 1 RouteCalculator

1

%calculateRootal)

1
cd_reader SpeakerCantraller

D\splayComrollér

Sdisplayhiap) et apFromhediaf) ®yeneratet/oice(context © String)

Figure 37: the output class diagram after processing using configuration 1.

From Figure 37 we also notice that some of the attributes and operations in the class
“DataUnit” still have the feature marking annotations. This is because two features
“set_voice_gender” and “adjust_voice_volume” in the feature diagram are not configured
at this stage, so the UML elements which have mappings to these two features are not
processed.
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6.4.2 Configuration 2

In this configuration we have selected all the optional features except the feature
“voice_guide”. As the feature “voice_guide” is deselected, so all the child features from
this feature are also deselected. The “speaker_controller” feature can be selected or
deselected, and we have chosen to deselect it. For the map media we have chosen
“flash_card_reader”. Figure 38 shows the configuration result.

L § e

Project Feature Diagram Specialization UML Models

o [&F Mavigation System
¢ [EF Featurs Diagrams
A\, MavigationSystem

o [BF UML Diagrams
& navigation_system
¢ (& Specializations

o [&=r testt

A\, MavigationSystern_config

UML Model | UML-Feature Mapping |

Feature Diagram Editor |/

Feature Diagram Configurator

e /ﬁ MavigationSysterm_config

¢ A Functionalities
T A WiEW_map
A zoor_map
T A generate_route

A select_route_type

& navigation_system
o [ testz

A\, MavigationSystern_config

T A waice_duide
A generate_voice_guide
A adjust_vaice_walume
A set_vwoice_gender
A switch_woice_guide_on_off

? At set_language
A English
A Duteh

? A HardwareControllers

? A map_media_controller
A co_reader
At flash_card_reader

A speaker_contraller

E PROFPERTY WALLUE
§§ FEATLURE MARME speaker_cantraller

§§ FEATLURE TYFE Cptional feature group
§§ WML CARDIMALITY 0

§§ MAKIMUIM CARDINALITY 2147483647

Figure 38: configuration 2 of the feature diagram in the Navigation System.
Next we use this configuration to process the UML model of the Navigation System and
the processed the UML model is imported into Rational Rose again. Figures 39-1, 39-2,
and 39-3 shows the UML model after processing.

There are two types of operations which have been performed on the original UML

model:
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®routelsShown()
1

Diatalinit
&routeType : Integer

¥:etlanguage()
¥:etRouteTypel)
1 ¥getRouteTypel)
1
Mavigator
Sviewhdapl) 1
¥generateRoute)
®etvoiceGuideOn()
“zunmhﬂapﬂl RouteCalculator
*SelectRuuteTj,rpgﬂ 1
| ' ®calculateRoutel)
1
1
DisplayCantroller flash_card_reader
S displayhd ap) ¥yethlapFrombdedial)

Figure 39 _1: the output class diagram of the UML model after the UML model
processing using configuration 2.

1. UML element elimination: for this operation there are two types of mapping
elements which are affected — namely directly mapping elements and indirectly
mapping elements.

a. Directly mapping elements: all the UML elements which have direct
mappings with the features “generate_voice_guide” (including the child
features of this feature) and “speaker_controller” are simply eliminated
from the original UML model. In the class diagram (Figure 39-1) all the
original classes, attributes, and operations which have mapping with these
two features are eliminated from the diagram.

b. Indirectly mapping elements: Figure 39-2 shows a comparison of

sequence diagram “Generate Route” before and after the processing. From
this comparison we can see that all those elements (objects and messages)
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which have indirect mappings with the features ‘“generate_voice_guide”
and “speaker_controller” are also eliminated.

‘ interface core : Mavigator route : data : Datallnit voice speaker: display
GUIhain

RouteCalculator

generateRoute )

routelsShown( )

SpeakerController DisplayController

calculateRoute( )

getRouteType()

getPreference’foiceGuideOnboalean( )

getPreferencelygseFemale’vaice:boolean( )

Egen erate'oices uide(BooIean)i

YoiceGuidelnit

getPreferepcellseFemalevoice:

generate\/nme(Stfmg)

oolean()

displayMag( )

|Object route : RouteCalculatar |

interface :
GUlMain

core : Mavigator

route

1 generateRoute( )

routelsShown( )

RouteCalculator

calculateRoutef )

getRouteTypel )

bisplayMap( )

display
DisplayController

Figure 39_2: the comparison of sequence diagram “Generate Route” before and after
processing using configuration 2.
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2. UML element substitution: for the UML elements which have direct mappings
with the alternative feature “map_media_controller”’, the name of the UML
element is replaced with “flash_card_reader”. In this case the original class
“MapMediaController” name is changed into “flash_card_reader” (Figure 39_1).
Indirecty UML mapping element object “map: MapMediaController” in sequence
diagram “View Map” (Figure 39-3) is also changed into “map: flash_card_reader”.

main : GUIMain navigator : map : display :
Mavigator MaphlediaController DisplayController
viewhdap( ) I I
getMapFromMedial )
displayr‘:ﬂap()
main : GUIMain navigator map display :
Mavigator flash_card_reader DisplayController
vienhdap( ) : :
U gethapFromMedial) '
displaylfan() |

-
'

Figure 39_3: the comparison of sequence diagram “View Map” before and after
processing using configuration 2.
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7 Conclusion

The concept of product line software system development has been around for a few
years. Until now there are still no right methods which support this development process.
The method PLUS supports part of the processing by using feature concepts. In PLUS the
feature model is represented in UML elements; thus the feature model is simply mixed
into the UML model of the system design. This approach has increased the complexity of
the UML model greatly. As modern software development pursuits concern separation, it
would be better to separate feature models from UML models and then make some kind
of connection between these models. This is our initial idea for our method FeatureUML.

Feature diagrams have been the widely accepted candidate to hold features in a feature
model, so we have deployed the feature diagram to hold the features in our feature model.
We have extended the feature ideas with dependency relationships between features and
feature cardinalities. All these techniques help to hold the commonalities and variations
of a product line. The feature diagram can also be configured for a special member of the
product line in stages.

But a feature model will be only a set of symbols if they are no any connections between
the feature model and UML models, and the existence of the feature model has also no
meaning anymore. In order to setup a connection between the feature model and UML
model, we have used the stereo tags in the UML model to make a mapping annotation
between a feature and a UML element. With this mapping information, we can process a
UML model for a special member of the product line. The processing takes a
configuration as input, and checks on the status of each feature in the configuration.
Depending on whether a feature is selected or deselected; we eliminate or substitute the
UML elements which have mapping with this feature. At the end we derive a UML
model which only contains the functionalities which are required for this member of the
product line. The newly derived UML model can be further used for communication
between different stake-holders, code modifications and generations, etc.

Following this idea we have built our first prototype to support this process. The
prototype program can create and hold feature models of a product line, make
configurations for a special member of the product line, load and process UML models.
After experiments with a few examples, we have successfully generated specialized UML
models for single members of the product line. This initial case study has shown us that
this method can reduce the effort and time which is spent on creating individual systems.
The quality of the generated UML models for single member of the product line is also
improved, as with generation techniques we rarely make mistakes by removing the UML
elements from the original UML models.

The current state of FeaturetUML only supports part of the product line development
process, namely the requirements gathering, system analysis and design. It would be
interesting to extend the method to support the code generation as well, and then
FeatureUML would support the whole product line development process automatically.
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8 Future Works

There are quite some future works which can be done to the FeaturetUML method; here I
will list the future work items.

8.1 Feature Diagram

1.

Two dimensional alternative feature: the current implementation support one
dimensional alternative features, which means an alternative feature in our
program cannot contain another alternative feature immediately. But in real
situations it is possible to have two dimensional alternative features, which means
under an alternative feature there is immediately anther alternative feature. This
can be built in the FeatureUML in the feature. But extra care has to be taken in
configuration and processing UML models as two dimensional alternative
features do make the feature diagram more complex.

Feature Dependency: in the current prototype it is possible to have a compound
“and” required (or exclude) relation, which mean A requires (or excludes) B and
C. But it is not possible to have a compound “or” require (or exclude) relation, for
example A requires (or excludes) B or C.

Feature diagram correctness checking: when the dependencies relations in a
feature model get more complex, the correctness of the feature model is also
difficult to be guaranteed. It is hard to know if feature diagram contains at least
one combination of selecting/deselecting feature choice so we can make a valid
configuration out of it. So we have to think of a way to check if a feature diagram
contains the right dependencies such that we can make a configuration out of it.

8.2 Feature-UML Element Mapping/Processing

Map into more diagrams: the current tool can only map features into class
diagrams and sequence diagrams. It would be nice to map features to other types
of UML diagrams as well.

Map cardinality to UML model: even though the concept of feature cardinality
is built in the current prototype, it is not mapped into the UML model and it is
also not used in the UML model processing.

Map feature to operation input/output: during the experiment with our tool, we
have found out it would be useful to map features to the operation input and
output parameters as well. Very often an input parameter has to be one option
from an alternative feature.

Improve mapping quality: the current mapping is done by hand. Thus when the
UML model is made, whenever an UML element is supposed to map into a
feature, the author has to add this feature mapping annotation to the UML element.
The process is error-prone, especially when we have a big feature model and a
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few big UML models in the product line. This process can be proved by using
some automatically mechanisms, such as when a UML element is created and
needs a mapping, it should be able to select an existing feature to map to. This
may require the tool eventually to create UML diagrams as well.

8.3 Product Line Software System Process

The current method only supports part of the process; it would be nice to extend the
method to support domain implementation and application code generation as well.
This would require further research on both the method and the tool.
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