
INTRODUCTION 
•  Eclipse provided the grounds for their research 
•  Eclipse is an industrial standard framework 
•  Plugin Based framework 

•  Maybe used as a standalone IDE 
•  Extensive user base 
•  Extend and build their own plugins 
•  Eclipse consists of three subprojects 

•  Focused on the JDT subproject  
•  (Java Development Tools) 

•  Most important:  
•  from a set of plugins developers can build large scale applications, includes 

modelling and testing tools  



TOOLS USED 

•  JDEvAN 
•  Design Level Structural Difference Algorithm 
•  Developed by Zhenchang Xing (Ph.D. Thesis; 2008) 
•  Research in: design-evolution analysis in support of 

evolutionary software development 
•  Eclipse plugin, PostgreSQL database  
•  Implements the UMLDiff algorithm 



TOOLS USED 

•  UMLDiff 
•  An algorithm that reports on the structural changes between two 

class models  of a Java software system, reverse engineered from 
two corresponding code versions 

•  It produces as output a change tree ( a tree of structural changes) 
•  Reports the differences between the two design versions in terms of 

•  additions, removals, moves, renaming of packages, classes, 
interfaces, fields and methods,  

•  changes to their attributes 

•  changes of the dependencies among these entities 



RESEARCH QUESTIONS 

•  What proportion of structural changes in the evolution of a software are the 
result of refactoring? 

•  What are the typical refactoring's applied to the practice? 

•  What aspects of a systems structural evolution can be automatically 
gathered? 

•  Which of these types are “safe” to client applicatoins that reuse the 
refactoring system? 

•  What type of support should modern IDEs provide and how might this 
support be implemented? 



RELATED WORK 

•  Opendyk’s work lists a set of invariants that refactoring must adhere to in 
order to preserve behavior 

•  Demeyre defined four heuristics 

•  Split into Superclass / Merge with Superclass 

•  Split into Subclass / Merge with Subclass 

•  Move to Other Class (Superclass, Subclass or Sibling Class) 

•  Split Method / Factor Out Common Functionality 



RELATED WORK 
•  Opendyk’s work lists a set of invariants that refactoring must adhere to in order 

to preserve behavior 
•  First automated tool – Refactoring Browser 

•  Demeyre defined four heuristics 
•  Split into Superclass / Merge with Superclass 
•  Split into Subclass / Merge with Subclass 
•  Move to Other Class (Superclass, Subclass or Sibling Class) 
•  Split Method / Factor Out Common Functionality 

•  Rysselberghe used clone detection to identify move and renaming refactoring 
•  Godfrey & Zou implemented origin analysis to detect merging and splitting of 

source code entities 



JDEVAN AND UMLDIFF 

•  Five types of elementary structural changes identified by UMLDiff: 
•  Additions of new packages, classes, interfaces, methods, and fields; x 

Removals of packages, classes, interfaces, methods, and fields 
•  Movements of methods and fields from one class to another, movements of 

classes and interfaces from one class or package to another 
•  Renaming of packages, classes, interfaces, methods (including parameter 

list changes), and fields  
•  Modifications of signature, such as visibility, modifiers, data (return) type, and 

parameter list, of classes, interfaces, methods and fields, and modifications 
of usage dependency, class inheritance and interface implementation. 

•  Then develop explicit queries for their case studies 



ECLIPSE CASE STUDY 

•  Compared versions 2.0 (June 27 2002) version 3.1 (June 27 2005) 
•  Focused on three pairs of major releases  

•  2.0 and 2.1, 2.1.3 and 3.0, 3.0.2 and 3.1 

•  Undergoing substantial evolution in the scope of three years  
•  How much of this evolution involves refactoring  

•  Well documented 

•  Allowed them to assess the correctness of their refactoring extraction 
method.  

•  Multiple applications have been developed with Eclipse 

•  Provided and opportunity to study the potential impacts 



ECLIPSE CASE STUDY 



EMPIRICAL ASSESSMENT 
•  Seven types of elementary structural changes 
•  1: Program-entity renaming 

•  Plausible motivations behind renaming:  
•  Conformance to a consistent naming scheme;  
•  Reflecting the semantics of an internal implementation change to the entity;  
•  Concept merging or splitting; and  
•  Maintaining backward compatibility with earlier versions 



EMPIRICAL ASSESSMENT 
•  2: Program Entity Moves 

•  Identified several kinds of moves with different underlying motivations 
•  Reorganizing or redistributing the information among different parts of a 

software system 
•  Moving responsibilities to eliminate Law-of-Demeter violations  
•  Maintaining backward compatibility with earlier versions  
•  Deprecation plus delegation. 



EMPIRICAL ASSESSMENT 
•  3: Modifier Changes  

•  1088 modifier changes made to 1064 program etities 
•  Modifiers are keywords that you add to definitions to change their 

meanings. The Java language has a variety of modifiers 

•  Java Access Modifiers (private, protected, public) 

•  Non Access Modifiers (static, final, abstract, synchronized, volatile) 

•  4: Visibility Changes  
•  1842 program entities changed visibility 

•  1091 changed to a less restrictive visibility level  

•  751 changed to a more restrictive one 



EMPIRICAL ASSESSMENT 
•  5: Data Type Changes 

•  1524 data-type changes (including field data-type and method 
return-type) 

•  7% (107/1524) were generalizations to a super type 
•  6% (85/1524) were specializations to a subtype.  

   
  Example Generalization to a super type: 
  HashSet set = new HashSet() <Concrete Type> 
   Set set = new HashSet()  <Set is an interface of a HashSet> 
  



EMPIRICAL ASSESSMENT 
•  6: Generalization and abstraction changes 

• 304 instances of class-inheritance changes in total.  
• The class hierarchy of Eclipse is relatively stable.  

•  7: Program entities additions and removals 



BIGGER REFACTORING 
•  Composed of a coherent series of elementary structural changes  i.e. 

introduction of Design Pattern. 
•  Containment-hierarchy refactoring  

•  Makes the dependencies among the various components explicit  

•  Java Packages is one way of grouping together related classes 
depending on their behavioral dependencies 



BIGGER REFACTORING 
•  Inheritance Hierarchy Refactoring  

•  Design by Contract 

•  Programming to interfaces and not to implementations is an 
important tenet of object-oriented development 



BIGGER REFACTORING 
•  Class Relation Refactoring: Inheritance Hierarch  

•  Common fields and methods of subclasses maybe pulled up to the 
superclass  

•  Fields and methods that are only applicable to some subclasses 
maybe pushed down to them.  



BIGGER REFACTORING 
•  Internal Class Refactoring 

•  Complex classes may become incohesive because they are 
responsible for delivering many responsibilities.  

•  Such classes should be simplified by extracting some of their 
features into other classes, created for exactly that purpose..  



BIGGER REFACTORING 
•  Structural Change Sequences 

•  27% (2104/7851) of the modified entities underwent two or more 
types of changes 

•  They found in n most cases, subsequent modifications to an entity 
were separate and not inherently related 



DISCUSSION 
•  About 70% of the changes were the results of refactoring or a 

sequence of refactoring’s,  
•  Overall, about 16% of all the changes (including adding and removing) 

can be expressed in terms of “standard” refactoring’s 
•  This is evidence that a refactoring engine would be a valuable 

functionality for the development environment 
•  About 60% of structural changes  can be expressed in terms of 

refactoring’s 
•  This indicates that with a refactoring engine the references to the 

affected entities in client applications could be automatically updated  
•  The current refactoring-migration tools are unaware of the impact of 

higher-level refactoring’s, such as inheritance-hierarchy refactoring’s 



DISCUSSION 
•  Based on their findings an effective refactoring tool should support the 

following (in addition to what are commonly supported) 
•  Information hiding refactoring, such as “hide a group of method in a 

class” 
•  More flexible move of instance field and method in terms of object-

oriented entity instead of simply text  
•  A refactoring user interface to collect the information about more 

complex refactoring tasks 
•  Refactoring can be viewed a structural change and as a set of 

commands  
•  A Command Object; simple refactoring commands could be 

composed into larger ones and could also be done, undone and 
replayed. 



QUESTIONS 

•  What do you think of the strength of this paper in terms of 
validity? 

•  What methods do you employ when you refactor (or do 
you)? 

•  Do you think refactoring should take Design Patterns into 
consideration and start to look at patterns in code as they 
emerge? 


