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Abstract. In this paper, we present a model-based tool for product derivation.
Our tool is centered on the definition of three models (feature, architecture and
configuration models) which enable the automatic instantiation of software
product lines (SPLs) or frameworks. The Eclipse platform and EMF technology
are used as the base for the implementation of our tool. A set of specific Java
annotations are also defined to allow generating automatically many of our
models based on existing implementations of SPL architectures.

1. Introduction

Over the last years, many approaches for the development of system families and
software product lines have been proposed [27, 7, 8, 14]. A system family [23] is a set of
programs that shares common functionalities and maintain specific functionalities that
vary according to specific systems being considered. A software product line (SPL) [7]
can be seen as a system family that addresses a specific market segment. Software
product lines and system families are typically specified, modeled and implemented in
terms of common and variable features. A feature [10] is a system property or
functionality that is relevant to some stakeholder and is used to capture commonalities or
discriminate among systems in SPLs.

Most of the existing SPL approaches [27, 7, 8, 14] motivate the definition of a flexible
and adaptable architecture which addresses the common and variable features of the SPL.
These SPL architectures are implemented by defining or reusing a set of different
artifacts, such as object-oriented frameworks and software libraries. Recently, new
programming techniques have been explored to modularize the SPL features, such as,
aspect-oriented programming [1, 20], feature-oriented programming [5] and code
generation [8]. Typical implementations of SPL architectures are composed of a set of
different assets (such as, code artifacts), each of them addressing a small set of common
and/or variable features.

Product Derivation [28] refers to the process of constructing a product from the set of
assets specified or implemented for a SPL. Ideally the product derivation process would
be accomplished with the help of instantiation tools to facilitate the selection,
composition and configuration of SPL code assets and their respective variabilities. Over
the last years, some product derivation tools have been proposed. Gears [13] and
pure::variants [24] are two examples of tools developed in this context. Although these
tools offer a set of useful functionalities for the product derivation, they are in general
complex and heavyweight to be used by the mainstream developer community, because
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they incorporate a lot of new concepts from the SPL development area. As a result, they
suffer from the following deficiencies: (i) difficult to prepare existing SPL architecture
implementations to be automatically instantiated; (ii) definition of many complex models
and/or functionalities; and (iii) they are in general more adequate to work with proactive
approaches [17].

In this context, this paper proposes a model-driven product derivation tool, called
GenArch, centered on the definition of three models (feature, architecture and
configuration). Initial versions of these three models can be automatically generated
based on a set of code annotations that indicate the implementation of features and
variabilities in the code of artifacts from the SPL. After that, a domain engineer can
refine or adapt these initial model versions to enable the automatic product derivation of
a SPL. The Eclipse [25] platform and model-driven development toolkits available (such
as EMF and 0AW) at this platform were used as a base for the definition of our tool.

The remainder of this paper is organized as follows. Section 2 presents background of
generative programming and existing product derivation tools. Section 3 gives an
overview of our product derivation approach based on the combined use of models and
code annotations. Section 4 details the GenArch tool. Section 5 presents a set of initial
lessons learned from the implementation and use of the GenArch tool. Finally, Section 6
concludes the paper and provides directions for future work.

2. Background

This section briefly revisits the generative programming approach (Section 2.1). Our SPL
derivative approach is defined based on its original concepts and ideas. We also give an
overview of existing product derivation tools (Section 2.2).

2.1 Generative Programming

Generative Programming (GP) [8] addresses the study and definition of methods and
tools that enable the automatic generation of software from a given high-level
specification language. It has been proposed as an approach based on domain engineering
[4]. GP promotes the separation of problem and solution spaces, giving flexibility to
evolve both independently. To provide this separation, Czarnecki & Eisenecker [8]
propose the concept of a generative domain model. A generative domain model is
composed of three basic elements: (i) problem space — which represents the concepts and
features existent in a specific domain; (ii) solution space — which consists of the software
architecture and components used to build members of a software family; and (iii)
configuration knowledge — which defines how specific feature combinations in the
problem space are mapped to a set of software components in the solution space. GP
advocates the implementation of the configuration knowledge by means of code
generators.

The fact that GP is based on domain engineering enables us to use domain engineering
methods [4, 8] in the definition of a generative domain model. Common activities
encountered in domain engineering methods are: (i) domain analysis — which is
concerned with the definition of a domain for a specific software family and the
identification of common and variable features within this domain; (ii) domain design —
which concentrates on the definition of a common architecture and components for this
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domain; and (iii) domain implementation — which involves the implementation of
architecture and components previously specified during domain design.

Two new activities [8] need to be introduced to domain engineering methods in order to
address the goals of GP: (i) development of a proper means to specify individual
members of the software family. Domain-specific languages (DSLs) must be developed
to deal with this requirement; and (ii) modeling of the configuration knowledge in detail
in order to automate it by means of a code generator.

In a particular and common instantiation of the generative model, the feature model is
used as a domain-specific language of a software family or product line. It works as a
configuration DSL. A configuration DSL allows to specify a concrete instance of a
concept [8]. Several existing tools adopt this strategy to enable automatic product
derivation (Section 2.2) in SPL development. In this work, we present an approach and a
tool centered on the ideas of the generative model. The feature model is also adopted by
our tool as a configuration DSL which expresses the SPL variabilities.

2.2 Existing Product Derivation Tools

There are many tools to automatically derive SPL members available in industry, such as
Pure::variants and Gears. Pure::variants [24] is a SPL model-based product derivation
tool. Its modeling approach comprises three models: features, family and derivation. The
feature model contains the product variabilities and solution architectures are expressed
in a family model. Both models are flexibly combined to define a SPL. Since a product
line specification in this tool can consist of any number of models, the “configuration
space” is used to manage this information and captures variants. The features are
modeled graphically in different formats such as trees, tables and diagrams. Constraints
among features and architecture elements are expressed using first order logic in Prolog
and uses logic expression syntax closely related to OCL notation. This tool permits the
use of an arbitrary number of feature models, and hierarchical connection of the different
models. The pure::variants does not require any specific implementation technique and
provides integration interfaces with other tools, e.g. for requirements engineering, test
management and code generation.

Gears [13] allows the definition of a generative model focused on automatic product
derivation. It defines three primary abstractions: feature declarations, product definitions,
and variation points. Feature declarations are parameters that express the variations.
Product definitions are used to select and assign values to the feature declaration
parameters for the purpose of instantiating a product. Variation points encapsulate the
variations in your software and map the feature declarations to choices at these variation
points. The language for expressing constraints at feature models is propositional logic
instead of full first-order logic.

3. Approach Overview

In this section, we present an overview of our product derivation approach based on the
use of the GenArch tool. Next section details the tool by showing its architecture,
adopted models and supporting technologies. Our approach aims to provide a product
derivation tool which enables the mainstream software developer community to use the
concepts and foundations of the SPL approach in the development of software systems
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and assets, such as, frameworks and customizable libraries, without the need to
understand complex concepts or models from existing product derivation tools.
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Figure 1. Approach Overview

Figure 1 gives an overview of our approach. Initially (step 1), the domain engineers are
responsible to annotate the existing code of SPL architectures (e.g. an object-oriented
framework). We have defined a set of Java annotations' to be inserted in the
implementation elements (classes, interfaces and aspects) of SPL architectures. The
purpose of our annotations is twofold: (i) they are used to specify which SPL
implementation elements correspond to specific SPL features; and (ii) they also indicate
that SPL code artifacts, such as an abstract class or aspect, represent an extension point
(hot-spot) of the architecture.

After that, the GenArch tool processes these annotations and generates initial versions of
the derivation models (step 2). Three models must be specified in our approach to enable
the automatic derivation of SPL members: (i) an architecture model; (ii) a feature model;
and (iii) a configuration model. The architecture model defines a visual representation of
the SPL implementation elements (classes, aspects, templates, configuration and extra
files) in order to relate them to feature models. It is automatically derived by parsing an
existing directory containing the implementation elements (step 2). Code templates can
also be created in the architecture model to specify implementation elements which have
variabilities to be solved during application engineering. Initial versions of code

! Although the current version of GenArch tool has been developed to work with Java technologies, our
approach is neutral with respect to the technology used. It only requires that the adopted technologies
provides support to the definition of its annotations and models.

34



SBCARS 2007

templates are automatically created in the architecture models based on GenArch
annotations (see details in Section 4.2).

Feature models [16] are used in our approach to represent the variable features
(variabilities) from SPL architectures (step 3). During application engineering,
application engineers create a feature model instance (also called a configuration [9]) in
order to decide which variabilities are going to be part of the final application generated
(step 4). Finally, our configuration model is responsible to define the mapping between
features and implementation elements. It represents the configuration knowledge from a
generative approach [8], being fundamental to link the problem space (features) to the
solution space (implementation elements). Each annotation embedded in an
implementation element is used to create in the configuration model, a mapping
relationship between an implementation element and a feature.

The initial versions of the derivation models, generated automatically by GenArch tool,
must be refined by domain engineers (step 3). During this refinement process, new
features can be introduced in the feature model or the existing ones can be reorganized. In
the architecture model, new implementation elements can also be introduced or they can
be reorganized. Template implementations can include additional common or variable
code. Finally, the configuration model can also be modified to specify new relationships
between features and implementations elements. In the context of SPL evolution, the
derivation models can be revisited to incorporate new changes or modifications according
to the requirements or changes required by the evolution scenarios.

After all models are refined and represent the implementation and variabilities of a SPL
architecture, the GenArch tool uses them to automatically derive an instance/product of
the SPL (step 4). The tool processes the architecture model by verifying if each
implementation element depends on any feature from the feature model. This information
is provided by the configuration model. If an implementation element does not depend on
a feature, it is automatically instantiated since it is mandatory. If an implementation
depends on a feature, it is only instantiated if there is an occurrence of that specific
feature in the feature model instance created by the application engineer. Every template
element from the architecture model, for example, must always depend on a specific
feature. The information collected by that feature is then used in the customization of the
template. The GenArch tool produces, as result of the derivation process, an Eclipse/Java
project containing only the implementation elements corresponding to the specific
configuration expressed by the feature model instance and specified by the application
engineers.

4. GenArch - Generative Architecture Tool

In this section, we present the architecture, adopted models and technologies used in the
development of the GenArch tool. Following subsections detail progressively the
functionalities of the tool by illustrating its use in the instantiation of the JUnit
framework.

4.1. Architecture Overview

The GenArch tool has been developed as an Eclipse plug-in [25] using different
technologies available at this platform. New model-driven development toolkits, such as
Eclipse Modeling Framework (EMF) [6] and openArchitectureWare (0AW) [22] were
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used to specify its models and templates, respectively. Figure 2 shows the general
structure of the GenArch architecture based on Eclipse platform technologies. Our tool
uses the JDT (Java Development Tooling) API [25] to browse the Abstract Syntax Tree
(AST) of Java classes in order to: (i) parse the Java elements to create the architecture
model; and (ii) to process the GenArch annotations.

The feature, configuration and architecture model of GenArch tool are specified using
EMF. EMF is a Java/XML framework which enables the building of MDD based tools
based on structured data models. It allows generating a set of Java classes to manipulate
and specify visually models. These classes are generated based on a given meta-model,
which can be specified using XML Schema, annotated Java classes or UML modeling
tools (such as Rational Rose). The feature model used in our tool is specified by a
separate plugin, called FMP (Feature Modeling Plugin) [3]. It allows modeling the
feature model proposed by Czarnecki et al [8], which supports modeling mandatory,
optional, and alternative features, and their respective cardinality. The FMP also works
with EMF models.

Genarch Plugin

Importing Component | | Derivation Component

‘ ‘ | FIvViF ” Model Model ” UAVY |

| EMF |

Eclipse Plataform

Figure 2. Genarch Architecture

The openArchitectureWare (OAW) plug-in [22] proposes to provide a complete toolkit
for model-driven development. It offers a number of prebuilt workflow components that
can be used for reading and instantiating models, checking them for constraint violations,
transforming them into other models and then, finally, for generating code. 0AW is also
based on EMF technology. Currently, GenArch plug-in has only adopted the XPand
language of 0AW to specify its respective code templates (see details in Section 4.4).

4.2. Annotating Java Code with Feature and Variabilities

Following the steps of our approach described in Section 3, the domain engineer initially
creates a set of Java annotations in the code of implementation elements (classes, aspects
and interfaces) from the PL architecture. The annotations are in general embedded in the
code of implementation elements representing the SPL variabilities. Table 1 shows the
two kinds of annotations supported by our approach: (i) @Feature — this annotation is
used to indicate that a particular implementation element addresses a specific feature. It
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