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Software Product Lines

● Mandatory features

● Variable features
○ Permit instantiation of different products by enabling or disabling specific SPL functionality

● Mechanisms to support variability management:
○ Feature Oriented Programming (FOP)
○ Conditional Compilation (CC)
○ Object-oriented design patterns

● Should minimize changes and should not degenerate modularity

● Open-Close principle: “Software should be open for extension, but close for modification”



Objective

● Evaluates comparatively three mechanisms for implementing variability on evolving SPL:
○ Conditional Compilation (CC)
○ Object-oriented design patterns (DP)
○ Feature-oriented programming (FOP)

● Five versions of WebStore and seven versions of MobileMedia



Conditional Compilation

● Preprocessor directives indicate pieces of code that should be compiled or not based on the value 

of preprocessors variables



Object-oriented design patterns

● Dynamic binding and polymorphism mechanisms

● Decorator:
○ Provide entry point to add a feature behavior in a pluggable way



Feature-oriented programming

● Paradigm that consider features as a major abstraction

● Jak (AHEAD)

● Programs are constants and features are added to programs using refinements functions.



Objective

● Does the use of FOP has smoother change propagation impact than CC and DP during the evolving 

of an SPL?

● Does the use of FOP provides modular and stable design than CC and DP of the SPL features in 

evolution?



Methodology

1. Construction of two SPLs (MobileMedia and WebStore) using CC, DP and FOP
a. WebStore was implemented from scratch.
b. MobileMedia was already used in previous studies, so there is a full CC implementation. Only DP and FOP 

had to be implemented

2. Manual feature assignment of all produced code  

3. Change propagation measurement and modularity metrics calculation

4. Quantitative and qualitative analysis of the result
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Change propagation analysis

● A lower number of modified and removed artifacts suggests a more stable solution

● Additions of artifacts indicates the conformance with the Open-Closed principle

● In general, CC mechanism presents lower number of added components and methods in both 

systems, compared to DP and FOP.
○ Insertions in CC have been carried out by modifying existent components instead of creating new ones

● For MobileData there is no sharp difference between the measures of the three mechanisms.
○ Product configuration in DP-based solutions are done at runtime

● WebStore has higher number of components, methods and lines of code with DP, than with FOP 

and CC.



Discussion

● CC releases have consistently lower number of added components than DP and FOP.

● FOP and DP strive to accommodate changes that require major features restructuring and usually 

demand a greater amount of component removal.

● Based on component insertion, CC does not adhere to Open-Closed principles as FOP and DP 

adhere.

● FOP and DP mechanisms have not a significant difference, because in WebStore, DP introduces 

more components and in MobileMedia the inverse situation occurs.



Modularity analysis

● Metrics for quantifying feature modularity:
○ CDC - Concern Diffusion Components
○ CDO - Concern Diffusion over Operations
○ CDLOC - Concern Diffusion over Lines of Code
○ LOCC - Lines of Concern Code











Conclusion

● WebStore and MobileMedia are special purpose systems that may not represent all properties of 

real world systems.

● The evolution scenarios may also represent the large space of possibilities in real-world SPL 

evolution scenarios. The paper not investigate some intricate situations involving feature 

interaction that may appear in large SPLs.

● Only the Java programming language and the AHEAD environment were considered on the study. 

The result can be different if other languages and environments were used.

● Only modularity and change propagation metrics were considered helpful to point out the 

vulnerability mechanisms benefits. However, they provide only a limited view of these benefits, as 

they do not measure the real effort required to perform SPL changes. 



Conclusion

● The work main contributions were the development of an open benchmark for the evaluation of 

evolving SPLs, a qualitative and quantitative data analysis framework and an extensive data 

analysis of collected metrics using the benchmark and the framework.

● FOP tends to be more stable than the other traditional widely-used approaches

● FOP class refinements adhere more closely the Open-Closed principle.

● The results indicate that conditional compilation (CC) have not be adequate when used in evolving 

SPLs when feature modularity is a major concern.

● DP and FOP also strive to accommodate changes that require major restructuring.

● The work revealed evidences that FOP still has drawbacks that require the combination with 

others mechanisms.


