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The goal of this research is to make software changes easier, 
safer, and less expensive. Please note that software change- 
ability is one of the essential properties of software and in- 
volves all software technologies. It is the core of software 
evolution [7]. 

One of the proposed solutions is to anticipate changes and 
structure the software in such a way that the changes will be 
localized inside software components. However, more recent 
case studies reported that only about 70% of the require- 
ments were predicted in advance and the remaining require- 
ments were discovered during development. Massive changes 
triggered by company mergers, introduction of Euro, etc., 
could not be predicted even a few years ago. Therefore it is 
likely that all software will be exposed to many unanticipated 
changes during its lifetime, and the support for unanticipated 
changes is an important research goal. 

The process of change is divided into the following phases: 

• Change request 
• Change design, including program comprehension, feature 

location, and change impact analysis 
• Change implementation, including restructuring for change 

and change propagation 
• Change verification 
• Record knowledge gained during the change 

Under this NSF program, several phases have been addressed, 
see the rest of this report and also [5]. Models and tools 
of change propagation The change starts when the program- 
mer changes a component of the software. After the change, 
the component may no longer fit with the rest of the soft- 
ware, because it no longer properly interacts with the other 
components. In order to reintroduce the consistency into 
the software, the programmer must keep track of inconsis- 
tencies and the locations of the secondary changes. The sec- 
ondary changes, however, may introduce new inconsistencies, 
etc. The process of change propagation continues until all 
inconsistencies are removed. A formal model of change prop- 
agation was developed and published in [5]. It is based on 
static analysis of the program that produces evolving interac- 
tion graphs (eigs). It deals with scenarios and strategies used 
for change propagation. Examples are strict or random, and 
final or nonfinal strategies. A tool "Ripples" that supports 
change propagation was also implemented. 

Restructuring for change 
The purpose of restructuring is to bring together parts of 
program affected by the change. It is well known that the 
delocalization of the change, i.e. the number of components 
that need to be visited during the change, increases the risk 
and difficulty of the change. 

We developed several tools and scenarios that allow the pro- 
grammer to restructure the code, without changing its func- 
tionality. In [1], we deal with misplaced code, i.e. code that 
appears in wrong classes. In [2], we deal with unnecessary 
duplication of the code, i.e. code clones. In [3], we deal with 
encapsulation of imperative code into classes. All three pa- 
pers report case studies that validate the approach. 

The tools that we implemented expulse the code from classes, 
insert the code into classes, and do several additional restruc- 
turing operations. The restructuring scenarios blend tool ac- 
tions with programmer interventions. 

Recording p r o g r a m  c o m p r e h e n s i o n  i n  w w w  

The program comprehension is a prerequisite for program 
changes and it is a valuable commodity, as more than one half 
of the software maintenance and evolution work is spent in 
comprehension. Very often the comprehension is not recorded 
and resides entirely in the programming team. Since a small 
project team cannot afford redundancy, each part is compre- 
hended ("owned") by one specific programmer. In that situa- 
tion, an assignment of personnel to tasks becomes a problem. 
A resignation of a key programmer can have serious conse- 
quences because the comprehension - half of the work he/she 
has done - leaves also. 

In order to address this issue, we developed Partitioned An- 
notations of Software (PAS) i.e. hypertext annotations based 
on world wide web. PAS are a universal programmer note- 
book that is used to record program comprehension and were 
inspired by theories of program comprehension. They can be 
browsed by a standard web browser. 

We also developed an incremental and opportunistic redocu- 
mentation process that records comprehension gained during 
the changes. Description of PAS technology and an industrial 
case study is in [4]. 
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