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Abstract 

 
The development of highly customizable software 
family architectures requires the explicit handling of 
crosscutting features through domain engineering 
and application engineering. This work explores the 
use of AOSD techniques in the customization and 
instantiation of product line architectures. Our 
method allows an improved customization and 
instantiation of frameworks by using crosscutting 
feature models. It also intends to provide guidelines 
to modularize the implementation of framework 
features using aspects. In this paper, we present an 
overview of our method by describing the main 
models that allows the implementation of aspect-
oriented generative approaches. The method is 
illustrated by presenting its application in the 
refactoring of the JUnit framework.  
 
1. Introduction 
The development of highly customizable software 
family architectures is directly dependent on the 
conception of representation techniques and 
respective tools to support variability of crosscutting 
features. Aspect-Oriented Software Development 
(AOSD) [8] is an evolving paradigm that 
modularizes crosscutting concerns which existing 
paradigms are not able to capture explicitly. 
However, Aspect-Oriented (AO) techniques have 
mostly been explored to support a clean separation of 
crosscutting concerns through application 
development.  
Only recent research work has explored the use of 
AO techniques in the development of software 
product-lines [1, 2, 12, 14, 16]. These works have 
demonstrated that AO techniques can bring benefits 
for the development of software product lines (or 
software families). Our experience have shown the 
following advantages [11, 12, 13, 14]: (i) clear 
separation of crosscutting features starting at early 
design phases; (ii) direct mapping of crosscutting 
features in aspects; (iii) simplified implementation of 

code generators, because the composition of 
crosscutting features is accomplished by the aspect 
weavers, and (iv) improved reuse of artifacts 
associated with crosscutting features. 
In previous work, we have presented an AO 
generative approach for the context of multi-agent 
system development [14], and notations to represent 
crosscutting relationships in feature models and 
software architecture models [4, 12, 13]. However, a 
number of important issues remain unaddressed, 
such as: How to express the variability of 
crosscutting features through out the domain 
engineering process? How to support the mapping of 
crosscutting features to architecture and 
implementation artifacts of a product line? How to 
modularize and implement the software product line 
architecture in order to make easier its customization 
to different products? How to support the automatic 
instantiation of product line architectures?    
In this work, we explore the use of AO techniques in 
the customization and instantiation of software 
family architectures. Our studies concentrate mainly 
on the context of frameworks, a common technology 
used in the design and implementation of software 
product line architectures. We propose a generative 
method [6] that allows the customization and 
instantiation of frameworks by using crosscutting 
feature models. It also intends to provide guidelines 
to modularize the implementation of framework 
features using aspects. In this paper, we present an 
overview of our method by describing the main 
models that allow the implementation of aspect-
oriented generative approaches. Our approach is 
illustrated with its application in the refactoring of 
the JUnit object-oriented framework.  
The remainder of this paper is organized as follows. 
Section 2 gives a brief description of our approach. 
Section 3 presents the application of our method in 
the JUnit framework case study. We initially show 
the refactoring of the JUnit framework using aspect-
oriented programming. After that, we describe the 
configuration of the JUnit framework to be 



customized and instantiated based on a crosscutting 
feature model. Section 4 presents our conclusion and 
points to directions for future work.  
 
2. Approach Overview 
Our method focuses on the definition of a generative 
model similar to the presented by Czarnecki and 
Eisenecker [6]. However, we propose the extension 
of that generative model to enable the use of AO 
techniques in the implementation, instantiation and 
customization of AO architectures. The generative 
model of our method is composed of three models: 

(I) a crosscutting feature model – which works as a 
configuration domain-specific language (DSL) 
responsible to specify and collect the features to be 
instantiated in the software family architecture. We 
are currently refining an existing meta-model [7] to 
represent crosscutting relationships between features. 
An example of a crosscutting feature model is 
presented in Section 3; 

(II) an AO architecture model – which defines the 
main components of a software product line 
architecture. The architecture model is represented 
using two synchronized representations: (i) a model 
in aSideML [4, 5], an extension to the UML meta-
model that allows the specification of aspects; and 
(ii) source-code in Java and AspectJ programming 
languages. The source-code represents the 
implementation of an AO product line architecture 
addressing the different variabilities. We also offer 
guidelines to implement AO architectures by means 
of a core OO framework, a set of AO software 
libraries that extend the base framework, and a set of 
aspects which define alternative compositions 

between the framework and OO extensions. Each 
component (framework, aspect library or OO 
extension) is specified as a set of classes, aspects and 
templates. The latter ones define elements that will 
be customized during the instantiation of the 
architecture; 

(III) a configuration model – which specifies the 
mapping between the features existing in the 
crosscutting feature model and the components (or 
their respective sub-elements, such as, class, aspect 
or templates) of the AO architecture. The 
configuration model is used to support the decision 
of which components must be instantiated and what 
customizations must be realized in those components 
considering a specific member of the product line 
(represented by an instance of a feature model).  
Figure 1 illustrates the relationships between the 
different models existing in our method. It presents 
the models in the perspectives of domain 
implementation and application engineering [6]. In 
domain implementation, the feature, architecture and 
configuration models are specified considering a 
specific software product line. During the 
instantiation of a member of the product line 
(application engineering), an instance of a feature 
model is defined by the application engineer. A tool 
uses this model to customize and instantiate the AO 
architecture defined for that domain. This process is 
also based on the configuration model used, which 
defines the mapping between features and 
architecture components. Our tool is being developed 
as an Eclipse [18] plugin detailed in Section 3.4. 
The next section describes and gives examples of 
these models in the context of the JUnit framework. 
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Figure 1.  Approach Overview 



We show how the crosscutting feature models and 
aspects can be used together to improve the 
customization and instantiation of the JUnit 
architecture. 
 
3. The JUnit Case Study 
This section presents the refactoring of the JUnit1 
framework using our approach.  

3.1. The JUnit OO Implementation 
The JUnit framework implementation is composed 
of the following components:  

(i) Tester: this component defines the core 
framework classes which are responsible to specify 
the basic behavior to execute test cases and suites. 
The main hot-spot classes available in this 
component are TestCase and TestSuite. The 
framework users extend these classes in order to 
create specific test cases to their applications;  

(ii) Runner: this component is responsible for 
offering an interface to start and track the execution 
of test cases and suites. JUnit provides three 
alternative implementations of test runners, as 
follows: a command-line based user interface (UI), 
an AWT based UI, and a Java Swing based UI;  

(iii) Extensions: this component is responsible to 
define classes which extend the basic behavior of the 
JUnit framework. Examples of available extensions 
are: a test suite to execute tests in separate threads, a 
test decorator to run tests repeatedly, and a test setup 
class that allows to specify initial and final 
configuration to specific tests. 

The JUnit framework has been implemented using 
classical design patterns, such as, Observer and 
Decorator [9]. However, the use of these patterns 
brings difficulties to the framework understanding, 
configurability, and maintainability, particularly with 
respect to the interactions between the main JUnit 
components. The Observer pattern is used to notify 
external components (test runners, for example) 
about the status of test cases execution. The 
Observer-relative code is tangled with the code of 
the TestResult class. This design decision brings 
difficulties to understand the core behavior of the 
Tester component, as well as, the composition code 
between the Tester and Runner components. 
Moreover, if a software developer intends to monitor 
other internal events of interest in the framework 
new invasive changes need to be accomplished.  

Also, many of the classes in the JUnit’s Extensions 
component are implemented using OO inheritance 
mechanisms. This design structuring makes it 
difficult to understand how those extension classes 
are related to internal Tester framework classes. 
Moreover, it also restricts the extension possibilities 
you can define to the Tester component classes, and 

requires the JUnit users to understand the new 
extension classes when instantiating the framework. 
 
3.2. AO Refactoring of JUnit Implementation  
The tangling-related problems of the JUnit 
framework (Section 3.1) were analyzed and different 
alternatives of AO refactorings were evaluated. The 
activities of the JUnit refactoring were mainly 
supported by the catalog of AO refactorings 
presented in [17]. Figure 2 depicts the resulting JUnit 
AO design. The composition between the Tester and 
Runner components which was specified by the OO 
implementation of the Observer pattern was replaced 
by a set of “observer aspects”. These aspects are 
responsible to notify runners of the status of test 
cases execution. This design decision brings a better 
separation of the composition code from the testing 
and runner components. 
The Extensions component was also implemented as 
a set of aspects. These aspects are used to extend 
specific framework classes (such as, TestCase and 
TestSuite mentioned in Section 3.1). They 
introduce crosscutting behavior related to the 
execution of test cases and suites. This design 
decision avoids the use of inheritance mechanisms 
which brings more complexity to the understanding 
of the OO JUnit design. With the use of aspects, the 
framework users do not need to understand or define 
subclasses of those specific extensions. Besides, as 
we will see in Section 3.5, using generative 
techniques we can configure those extensions to be 
applied to specifics sets of test cases and suites, 
thereby increasing the JUnit configurability.  
In order to enable the instantiation and customization 
of the JUnit framework, our approach defines 
additional templates which represent the framework 
hot-spots instances. These instances will be created 
and customized based on a feature model instance. 
Templates in our approach are used to specify 
elements (classes, aspects, files) that will be 
customized during the instantiation of the 
architecture. Figure 2 presents several templates, 
such as: 
(i) TestCaseTemplate and TestSuiteTemplate 
which are used to create respectively specific test 
case and test suite classes for a given application; 
(ii) ObserverTestTemplate – defines which GUI 
alternative will be plugged in the Tester component 
to monitor the execution of test cases; 

(iii) RepeatTestTemplate, ActiveTestTemplate and 
TestSuiteDecoratorTemplate – which are 
customized to extend test cases and suites with 
additional functionality.  
 
3.3. The JUnit Crosscutting Feature Model 
The JUnit crosscutting feature model expresses the 
framework variabilities by exploiting aspect-oriented 



abstractions. Figure 3 depicts the resulting feature 
model. For simplicity purposes, we have omitted 
some irrelevant details in the model. It is composed 
of three main features (testing, runner, extensions) 
which are directly mapped to JUnit components. We 
extend the feature model proposed in [7], which also 
allows the representation of feature cardinality.  
The testing and runner features do not crosscut other 
features and, as a result, are modeled as typical 
features in a feature model. The testing feature is 
composed of several test suite features. Each test 
suite feature aggregates its respective test cases. Both 
test suite and test case features are used to instantiate 
JUnit framework by defining the automated tests for 
a specific system. The runner feature models the 
alternative GUI options available. 
The extensions feature specifies the different 
extensions that can be used with test cases and suites. 
The extensions features are all examples of 
crosscutting features, since they can be directly 
applied to extend the test case and test suite features. 
In our model, crosscutting features are used to model 
features which extend other features; they are 
composed of pointcut features which can traverse 
and extend joinpoint features. Joinpoint features can 
be extended by specific crosscutting features, i.e. by 
means of the pointcut features. 
The configuration model (Section 3.4) restricts 
which joinpoint features can be traversed by which 
pointcut features. In other words, this model 
specifies the crosscutting possibilities with respect to 
a pair of features. Figure 3 depicts the following 
crosscutting features: repeat, concurrency, and test 
setup. Each of them has associated pointcut features, 
which are used to define a <<crosscuts>> 

relationship with joinpoint features. Currently, we 
are using the existing “reference” relationship 
defined in [7], to represent these <<crosscuts>> 
relationships. 
Our approach allows the creation of <<crosscuts>> 
relationships both in feature models representing 
product lines and in feature model instances (a 
feature configuration in [7]) representing 
applications. This strategy improves the flexibility in 
the framework customization. For example, in the 
JUnit case study, we can define in a feature model 
that we will apply the concurrency feature to every 
test case of the system. Figure 3 illustrates this 
situation: every test case that we instantiate using 
that feature model will be executed in a different 
thread.  Alternatively, we can postpone the use of 
<<crosscuts>> relationship to the specification of 
the feature model instance. Figure 4 presents, for 
example, that only two specific test cases being 
instantiated will be executed repeatedly.    
 
3.4. The Configuration Model 
The configuration model is used to specify the 
configuration knowledge [6] necessary to customize 
and instantiate AO product line architectures using 
feature models. It is composed of:  
(i) description of dependency relationships between 
the architecture model’s components (and sub-
elements) and the features specified in the feature 
model; 
(ii) definition of valid crosscutting relationships 
between pointcut and joinpoint features; and  
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Figure 2.  AO Refactoring of the JUnit Implementation 



(iii) mapping between joinpoint features and specific 
join points in classes of the AO product line 
architecture.  
Figure 5 shows examples of these configuration 
issues in the context of the JUnit framework. 
Although the figure only shows configuration 
options in a textual representation, we are also 
currently working in visual representations to them.      
The dependency relationships between architecture 
components (and sub-elements, such as, classes, 
aspects and templates) and features allow to specify 
which components must be instantiated when 
specific features are selected. When defining the 
dependency relationships, the domain engineers use 
the following guidelines: (i) if a component (or sub-
element) must be instantiated to every product of the 
product line, then no dependency relationships need 
to be specified; (ii) if a component (or sub-element) 
depends on the occurrence of a specific feature, a 
dependency relationship must be created between 
them. 

These dependency relationships are used by our code 
generator to decide which components, classes and 
aspects will be included in a product based on feature 
model instances defined by application engineers. In 
case of templates, the dependency relationships 
define if they will be processed and included in the 
final product generated. Figure 5 shows, for 
example, that the runner classes (TextTestRunner, 
SwingTestRunner, etc) will be created only if 
the respective associated features were also selected 
in the feature model instance. We can also observe 
that all the template elements depend on specific 
features which provide knowledge necessary for 
their instantiation.  
The configuration model also defines potential 
relationships between pointcut and joinpoint 
features. This information allows the code generator 
to check if the application engineers have specified 
valid crosscutting relationships. Figure 5 shows the 
valid crosscutting relationships for the JUnit 
example, which specify that all the extension 
features can crosscut the test case and suite features. 
Finally, the configuration model must also define the 
mapping between joinpoint features and specific join 
points in classes of the product-line. This mapping is 
useful during application engineering to make the 
customization of pointcuts easier in aspect libraries; 
it uses only information provided by a feature model 
instance. The mapping involves the identification of 
which parts of classes (e.g.: constructor execution 
and method call) correspond to specific joinpoint 
features. The mapping refers to specific and valid 
AspectJ join points. The JUnit configuration model 
(Figure 5) presents the mapping of test case and suite 
features to specific AspectJ join points. These 
AspectJ join points represent, respectively, the 
run() method execution in TestCase and 
TestSuite classes. Currently, we are also analyzing 
the possibility of using Java annotations to embed 
the joinpoint feature directly in the source code1. 
 
3.5. The Customization and Instantiation 
Process 
Our approach supports the application engineering 
process through a tool which instantiates and 
customizes AO software family architecture. The 
application developer provides a specific 
configuration model and a feature model instance. 
Our tool is being developed as a set of Eclipse plug-
ins. In a previous work, we have already presented a 
previous version of our prototype tool [14].  
We are currently integrating the feature model plug-
in (fmp) [3] to address both the modeling of feature 
model and feature model instances. As previously 
                                                           
1 We are working on the Java annotation alternative, 
because AspectJ 5.0 already allows to specify pointcuts 
using annotations.  
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mentioned, we are extending the feature meta-model 
of fmp to support the representation of crosscutting 
features. 
An AO architecture model in our tool is specified 
using a synchronized representation of aSideML 
models and Java and AspectJ source code. The 
implementation of aSideML models is being realized 
using the following technologies provided by Eclipse 
platform: EMF, GEF and UML2. 
The configuration model is being implemented as a 
set of Eclipse views which allow to specify: (i) the 
dependency relationships between features in fmp 
models and elements (classes, interfaces, aspects, 
templates, methods, etc) of aSideML models; (ii) the 
valid crosscutting relationships that can exist 
between pointcut and joinpoint features in fmp 
models; and (iii) the mapping between joinpoint 
features in fmp models and join point in Java classes. 
The code generator of our tool is triggered by the 
application engineers. The generator uses the three 
models (feature model instance, architecture and 
configuration models) to customize and instantiate 
the AO architecture. During the instantiation process, 
the code generator realizes a sequence of three main 
steps. First, it verifies if there is any invalid 
crosscutting relationship between features. The 
detection of such a problem interrupts the process, 
and the application engineer is in charge of solving 
the conflict. 
Second, the architecture model is traversed and it 
proceeds as follows. For each component 
encountered the code generator verifies in the 
configuration model if it depends on any special 

feature. In such case, the code generator only 
instantiates that component (and processes respective 
sub-elements) if there is an occurrence of that special 
feature in the feature model instance. The 
components are instantiated by creating a 
correspondent Java package. When processing sub-
elements of a component (classes, interfaces, aspects, 
templates, methods, etc) the same process is applied. 
It means that it is also verified if the sub-element 
depends on any feature as a condition to instantiate 
it. The template elements must always depend on any 
feature. Therefore, they are processed for every 
occurrence of that feature. During the template 
processing the information about the feature (and 
respective sub-features) which it depends is used to 
support the template customization.  
Third, the crosscutting relationships specified in 
feature models are used by the code generator to 
customize which aspects must affect which classes of 
the system. Templates of aspects are processed 
during this process. It represents an aspect that will 
be customized. In Figure 5, the 
ObserverTestTemplate, RepeatTestTemplate, 
TestSuiteDecoratorTemplate, ActiveTestTemplate 
templates represent aspects that must be customized. 
Every template of aspect depends on a crosscutting 
feature. So, when it is processed it uses information 
from this crosscutting feature, such as, its pointcut 
features and respective joinpoint features. A template 
of an aspect can have its pointcuts customized based 
on information from the joinpoint features. The 
mapping between join point features and join points 
in classes specified in the configuration model is 
used in this process.  
Consider, for example, the JUnit customization and 
instantiation using the feature model instance, the 
configuration model and the AO architecture 
depicted, respectively, in Figures 4, 5 and 2. When 
these models are processed by the code generator, 
JUnit is instantiated by:  
 (i) creating one test suite (Module1 and Module2) 
and four test case (A, B, C and D) classes by 
processing the TestCaseTemplate and 
TestSuiteTemplate templates; 
(ii) including the classes of the swing feature and 
discarding the classes that implement the awt and txt 
features. Also, the aspect template 
ObserverTestTemplate is customized to 
reference the classes of the swing feature.;  
(iii) creating two aspects that implement the repeat 
feature for two test case classes by means of 
processing the RepeatTestTemplate. The 
pointcuts of these aspects are customized using 
information from the configuration model; 
(i) discarding the aspects that implement the Test 
Setup extension feature; 

Configuration Model

Dependency Relationships

TestCaseTemplate << depends >> TestCase feature
TestSuiteTemplate << depends >> TestSuite feature
ObserverTestTemplate << depends >> Runner  feature
TextTestRunner << depends >> TXT feature
SwingTestRunner << depends >> Swing feature
RepeatedTests << depends >> Repeat feature
RepeatTestTemplate << depends >> Repeat feature
ActiveTestTemplate << depends >> Concurrency feature
…

Valid Crosscut Relationships

Concurrent Tests feature << crosscuts >> TestCase feature
Concurrent Tests feature << crosscuts >> TestSuite feature
Repeated Tests feature << crosscuts >> TestCase feature
Repeated Tests feature << crosscuts >> TestSuite feature
Configured Tests << crosscuts >> TestCase feature
Configured Tests << crosscuts >> TestSuite feature

Pointcut Mapping

TestCase feature << maps >> TestCase.run(TestResult)
TestSuite feature << maps >> TestSuite.run(TestResult)

 
Figure 5.  JUnit Configuration Model 



(v) and finally, creating an aspect which advises all 
the test case classes to execute them in separate 
threads. The ActiveTestTemplate is used in this 
process. 

 
4. Conclusions and Future Work 
This paper presented our ongoing work on the 
definition of a systematic method to develop aspect-
oriented generative approaches. We also described 
the main models in our approach that allows the 
implementation of aspect-oriented generative 
approaches. Our method proposes the use of 
crosscutting feature models in order to: (i) deal with 
the specification of crosscutting relationships 
between features and (ii) allow improved 
customization and instantiation of product lines. The 
approach was illustrated by presenting its application 
in the JUnit framework. 
In a previous work [14], we implemented an aspect-
oriented generative approach for the development of 
multi-agent systems. In that work, we have observed 
several benefits  on the use of AO techniques to 
develop generative approaches, such as [12, 13, 14]: 
(i) clear separation of crosscutting features at early 
development phases; (ii) direct mapping of 
crosscutting features in aspects; and (iii) 
simplification of the code generators. 
This paper refines our previous work by extending 
feature models with new AO abstractions to support 
improved customizability of product lines. In 
addition, we present a configuration model 
definition, which allows to specify separately the 
mapping between features and components and 
enables the customization of pointcuts from the 
feature models. 
We are currently implementing a tool to support all 
the models presented in the paper. Also, new case 
studies involving different software families are 
being realized to validate our approach. In these case 
studies, we also intend to explore the instantiation of 
aspect libraries using our approach. Finally, a set of 
guidelines to modularize the implementation of 
framework features using aspects is also being 
refined. 
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