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Abstract 
The paper presents a sketch of a framework-based 

agile reengineering process, named PARFAIT1, whose 
objective is to provide the users with evolved versions of 
legacy systems, as soon as possible. The overall static 
structure of the Rational Unified Process (RUP), 
originally developed for forward systems engineering, has 
been here adapted for reengineering and is used for 
PARFAIT documentation. Frameworks are used in the 
process aiming at an agile approach to support the 
reengineering. Frameworks allow applications to be 
rapidly created, more than if they are built from scratch. 
Agile characteristics, such as incremental approach, 
cooperative approach with users and customers, 
straightforwardness, etc. give PARFAIT the ability to 
support the rapid evolution of the legacy system to a new 
version, according to the users and customers needs. A 
summary of a case study and the results obtained in the 
reengineering are presented. This study refers to a 
concrete reengineering case of a real system for 
controlling entry and exit of electronic appliances in a 
repair shop. 

Keywords: Agile Process, Reverse Engineering, Forward 
Engineering, Reengineering, Framework, Pattern 
Language. 

 
1. Introduction 

 
In 80’s decade, with the advent of object oriented 

programming and visual languages, that facilitate the 
development of graphical user interfaces, several 
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1 PARFAIT is the acronym for Processo Ágil de Reengenharia baseado 
em FrAmework no domínio de sistemas de Informação com vv&T (in 
Portuguese), which means “Framework-based Agile Reengineering 
Process in the Information System Domain with VV&T”. 

organizations decided to migrate their legacy systems to 
such technologies. This migration is each day more 
intensive due to the maintenance difficulties of the legacy 
systems and the low usability of their textual interfaces. 

Another factor that contributes to migration or 
evolution of legacy systems refers to the data storage form. 
Several organizations use file systems for data storage 
with no type of security, integrity, consistency or 
concurrency control. This causes high financial, 
operational and strategic risks, as the whole organization 
history is stored in a non-trustable form. A way to avoid 
these risks is the change of storage form to a DataBase 
Management System (DBMS). In addition, there has been 
a frequent change of platform. Many organizations are 
migrating their systems to open source platforms. 

To ease the software maintenance and evolution 
activities to a new programming language/storage 
form/platform the Reengineering technique has been used. 
A relevant problem in using this technique is the lack of 
computing support, as the legacy systems usually have a 
large number of source code lines. Another important 
problem is the lack of a reengineering approach capable of 
evolving legacy systems in a rapid and efficient way, as 
these systems are vital to the organization and their quality 
assurance and correct functioning are indispensable to the 
main organization activities and to its permanence in a 
competitive market. 

Nowadays, several processes, in the context of 
software development, called agile processes, are being 
proposed to allow the rapid development of systems in 
“Internet time”: eXtreme Programming, Crystal Methods, 
Feature-Driven Development and Adaptive Software 
Development, all briefly described and compared 
relatively to their similarities and differences, by 
Abrahamsson et al [1]. 

From this panorama and from the framework 
capabilities to support systems development, we have 
devised the possibility of their utilization to support an 
agile reengineering process. This is due to the fact that 



 

frameworks offer time and effort economy because, 
according with Braga [5], they allow the reuse of large 
structures in a particular domain. It can be inferred that 
framework usage to support systems reengineering can 
ease these systems migration. Besides that, the product 
obtained after the reengineering process using a 
framework is prone to high quality, supposing that the 
framework had been validated during its construction. 

This work intends to support the agile reengineering of 
legacy systems in the Business Resource Management 
domain, specifically of those that deal with resource 
location, trading or maintenance transactions, as for 
example, rental sores, libraries, hotels, etc. Some 
frameworks in that domain have been identified: IBM 
SanFrancisco [12], Gebos System [3], OminiBuilder [13] 
and GREN [5]. The last one is used to illustrate the main 
ideas explored in this paper. 

In Section 2, the related works are discussed. In 
Section 3, the framework-based agile reengineering 
process sketch is presented. Several case studies have been 
conducted since the first definition of the reengineering 
process, and the results shall contribute to its refinement. 
In Section 4, a summary of a case study that has used the 
more recent version of the reengineering process to 
reengineer a real business legacy system to control an 
electronic repair shop is presented. In Section 5, the 
conclusions obtained and the future works to improve the 
reengineering process are presented. 

 
2. Related Works 

 
The object oriented reengineering of procedural  

legacy systems is considered by several authors. Gall & 
Klösh [21] propose a transformation process from 
procedural to OO code, COREM, which uses knowledge 
of the application domain. Penteado [22] proposes a 
reverse engineering method – Fusion/RE to obtain OO 
analysis models from procedural legacy system. Costa [6] 
presents Fusion/RE-I, which is a method inspired on 
Fusion/RE concepts and ideas and supplies mechanisms to 
abstract functional and structural views from operational 
aspects and data available via the user interface. Battaglia 
et al. [23] propose the Renaissance method structured in 
two main phases. The first phase - what to do - aims to 
evaluate the organization and the legacy system, as well as 
to identify the need and urgency to conduct the 
reengineering and also the best strategy to carry it out. The 
second phase - how to do it - supports the planned 
transformation and guides all the migration process from 
the legacy system to the target system in an incremental 
form. Cimitile et al. [24] present a method to decompose 
legacy systems in objects. The object identification is 
centered in the storage of persistent data through files or 
relational database tables while programs and routines are 
candidates to implement methods. 

There are some proposals of tools to support 
reengineering [11, 14, 16], but none of them explores 
framework support. As mentioned in Section 1, 
frameworks can be used to support reengineering, 
specifically in the forward engineering phase.   From the 
case studies conducted, using PARFAIT, it was observed 
that frameworks inspire guidelines to the reverse 
engineering phase (because they guide the abstraction and 
retrieval of legacy system information). 

A framework is a set of pre-fabricated software blocks 
that programmers can use, extend or adjust to build 
specific computing solutions. With frameworks, 
programmers do not have to start from scratch every time 
they write an application [15]. The GREN framework 
construction is based on the Business Resource 
Management pattern language – GRN2 [4], which is 
presented in Section 2.1. According to Appleton [2], if a 
pattern is a problem solution in a certain context then a 
pattern language is a collection of such solutions that act 
together to solve a problem, according to a predefined 
objective. A pattern language can also be considered as a 
structured collection of patterns that transforms 
requirements and restrictions in software architecture [9]. 

Abrahamsson et al. [1] define an agile process as 
being: a) incremental (small software releases, with rapid 
cycles); b) cooperative (customer and developers working 
constantly together with close communication); c) 
straightforward (the method itself is well documented, 
easy to learn and to modify), and d) adaptive (able to make 
last moment changes). According to Turk et al. [17], the 
steps of agile processes and the project objectives are 
dynamically determined based on analysis of: (1) 
experience gained with previously executed process steps; 
(2) similar experience gained outside the project; and (3) 
changes in the requirements and development 
environment. The agility of a process is determined by the 
degree to which a project team can dynamically adapt the 
process based on changes in the environment and the 
collective experiences of the developers. 

 
2.1 GRN Pattern Language 

 
The GRN pattern language [4] is formed by fifteen 

patterns, some of which are applications or extensions of 
current patterns. GRN provides inexperienced developers 
enough information for developing new systems in the 
business resource management domain, together with 
alternative solutions.  

GRN has a specific and well-defined domain, 
concentrated in the rental, trade and maintenance of 
business resources. For example, resource rental refers to 
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the temporary usage of a good or service, as for example, a 
car rental or a specialist time usage. Resource trade refers 
to good property transference, as for example, a sale or an 
auction of products. Resource maintenance refers to the 
maintenance of a certain good, using manpower and parts 
for its execution, as for example, a house appliance repair 
in a specialized shop. 

In Figure 1, the GRN pattern language patterns, their 
interdependencies and the order in which they are applied 
are shown. This language has three main patterns - RENT 
THE RESOURCE, TRADE THE RESOURCE, and MAINTAIN 
THE RESOURCE. The application of each one of these 
patterns and, consequently, of those that compose them, is 
done according to the objective of the application. The 
usage of these patterns is not mutually exclusive. For 
instance, in a mechanic vehicle shop that buys and sells 
parts, and also repairs cars. The patterns are divided into 
three groups: Group 1 (Business Resource Identification) 
has three patterns, that concern the business resources 
identification, quantification and (possible) storage; Group 
2 (Business Transactions) has seven patterns, that are 
related to the management of the business resources 
identified in Group 1; and Group 3 (Business Transaction 
Detail) has five patterns, that concern the details involved 
in the transactions identified in Group 2. The GRN pattern 
language, expressed in UML (Unified Modeling 
Language) [10], is flexible because new attributes may be 
added according to the specific application. 

 

QUANTIFY THE RESOURCE (2)

RESERVE THE
RESOURCE (5)

RENT THE RESOURCE (4) TRADE THE RESOURCE (6)

CHECK RESOURCE
DELIVERY (8)

MAINTAIN THERESOURCE (9)

PAY FOR THERESOURCE
TRANSACTION (12)

ITEMIZE THE RESOURCE
TRANSACTION (11)

IDENTIFY THE TRANSACTION
EXECUTOR (13)

QUOTE THE
TRADE (7)

QUOTE THE
MAINTENANCE (10)

IDENTIFY MAINTENANCE
TASKS (14)

IDENTIFY MAINTENANCE
PARTS (15)

IDENTIFY THE RESOURCE (1)

Group
2

Business
Transactions

Group
1

Business
Resource

Identification

Group
3

Business
Transaction

Details

STORE THE RESOURCE (3)

 
Figure 1 – Dependencies among patterns [4] 

 
2.2 GREN Framework 

 
The GREN framework [5] supports applications 

development in the business resource management 
domain. It was built based on the GRN pattern language 

and is used in the reengineering process here described. 
This means that for each pattern of the pattern language, 
the corresponding classes in the framework are 
implemented. The programming language used in the 
GREN implementation is Smalltalk. Object storage is 
made in the MySQL [20] relational DBMS. 

Other then the application classes, derived directly 
from the analysis models provided by the GRN pattern 
language, the GREN framework has also classes related to 
implementing data persistence and user interface. The 
GREN architecture is composed of three layers: 
persistence, application and user interface. The persistence 
layer handles the data storage in the database. The 
application layer handles the application functionality. The 
user interface layer handles the user interaction screens. 

The creation of the application is conducted by the 
usage of the GRN pattern language, which results in a 
class diagram of the application instantiated. Based on 
these diagrams, GREN framework preprogrammed classes 
are used to create the new application code. GREN 
instantiation can be done in two ways: manual or helped 
by a wizard tool. In the first case, a document to help the 
framework instantiation (framework cookbook) is used. In 
the second case, the GREN-Wizard [5] tool provides 
facilities for selecting the patterns used and generates the 
new application classes and the MySQL database tables. 

 
3. Framework-Based Agile Reengineering 

Process Sketch 
 
This section presents the PARFAIT sketch that has the 

purpose of migrating small and medium procedural 
systems to the OO paradigm, in the business resource 
management domain. This process requires some basic 
knowledge for its application: i) of the GREN framework 
domain; ii) of the GRN pattern language; iii) of the 
Smalltalk programming language; iv) of the MySQL 
database and, v) of the application examples available, 
instantiated using the framework. According to Shull et al. 
[18], the understanding of application examples built by a 
framework is useful to support novice developers to 
produce systems more quickly through framework 
instantiation. This was confirmed by Braga [5] in an 
experiment that evaluated the GRN pattern language in the 
GREN framework instantiation. It is supposed that the 
deeper the knowledge of the software engineers in those 
items better the quality of the results of PARFAIT 
application. 

The reengineering process documentation format is 
based on the RUP static structure, that describes who 
(workers), is doing what (artifacts), how (activities) and 
when (workflows) [19]. The Inception, Elaboration, 
Construction and Transition phases of the RUP process 
have been used in the reengineering process to group the 
activities with common purposes. Workflows specific to 



 

PARFAIT have been created (Domain Understanding 
Framework/Legacy System, Requirements and 
Functionalities Understanding of the Legacy System, 
Analysis and Design Recovery, Business Modeling), some 
of RUP were adapted (Implementation, Test & Inspection) 
and others (Deployment, Software Configuration 
Management, Project Management and Planning, and 
Environment) were used without change, as presented in 
Table 1. The objectives of those workflows are 
distinguished according to the reverse engineering and 
forward engineering phases of the reengineering process. 

The PARFAIT sketch is classified as incremental and 
interactive; furthermore counts with the users opinion and 

approval during its application, so it considers a 
participative approach. This is very important because the 
users approve the product as the project evolves, and at 
each user interaction, product improvement is achieved. 
With this, the probability of the reengineered product 
satisfying the users needs and expectations is much higher 
than when they do not participate in the process. Anytime, 
during the process application, the software engineers can 
go back to any activity, in order to improve the product 
that is being generated. As the process uses an 
evolutionary approach, the documentation and the 
understanding of the legacy system are obtained in small 
chunks, according to the needs. 

 
Table 1 – Core Workflows of the reengineering process 

Core Workflows Objectives 
Domain Understanding 
Framework/Legacy 
System 

Reverse Engineering: obtain information about the framework domain and the legacy system features3, to check the 
possibility of using the framework in the reengineering process. Framework non-functional aspects are also observed to 
determine their adequacy to the operational and financial aspects of the corporation that has requested the reengineering. 

Requirements and 
Functionalities 
Understanding of the 
Legacy System 

Reverse Engineering: establish and maintain contact with customers and other parties to determine what the legacy system 
does or should do and why; document system operations as use cases and describe the system requirements; document the 
input and output data used to execute the legacy system operations as test cases; supply test cases to discover legacy system 
business rules and functionalities not covered by the framework or offered by the framework but not required by the legacy 
system. Forward Engineering: give the process workers a better understanding of the legacy system requirements and 
functionalities; supply the test cases to test the forward engineering resulting system. 

Analysis and Design 
Recovery 

Reverse Engineering: translate the knowledge obtained from the legacy system functionality into a class diagram, with the 
help of the pattern language. The legacy system functionalities not covered by the pattern language have also to be modeled 
in the class diagram. Forward Engineering: supply the pattern language patterns used to support the framework instantiation. 

Implementation Forward Engineering: instantiate the framework with the patterns used in the class diagram development, to create an OO 
system prototype; adapt the prototype implementing the business rules and functionalities not covered by the framework; 
adapt the interface to that of the legacy system (if its necessary) and requested by the customer during the acceptance test; 
test each adaptation conducted with proper test cases. 

Test & Inspection Reverse Engineering: exercise the legacy system to understand its functionalities and document the test cases that will be 
applied to the OO system prototype; check whether all legacy system functionalities were properly implemented in the OO 
prototype; observe the test case coverage executed, in order to estimate the system quality; identify and guarantee that all 
defects discovered have been taken care of before system delivery; conduct inspections, for example using reading 
techniques, to support the validation of the artifacts produced in each activity. Forward Engineering: evaluate the prototype 
quality during its evolution through documented test cases, proceeding up to the final product evaluation. 

Business Modeling Reverse Engineering: identify the corporation business rules, implemented in the legacy system, through test cases; check 
with the users whether or not the business rules identified are true; document the business rules validated by the users. 
Forward Engineering: supply the business rules documented to facilitate the prototype adaptation. 

Deployment Forward Engineering: convert the legacy system database to that of the reengineered system; test the reengineered system in 
its final operational environment (beta test); install the reengineered system; train the final users. 

Software Configuration 
Management 

Reverse Engineering and Forward Engineering: track and maintain the integrity of the evolving project assets to allow the 
project team members to be able to localize artifacts, select the artifact proper version, observe the artifact history to 
understand its present state and the reasons for its alterations, and to know who is responsible for the artifact. 

Project Management and 
Planning 

Reverse Engineering and Forward Engineering: supply a structure to manage software-intensive large projects; supply 
practical guidelines for planning, staffing, executing and monitoring projects; supply a structure for risks management. 

Environment Reverse Engineering and Forward Engineering: select and allow tool acquisition; configure tools to process requirements; 
configure and improve the process, offer technical services to support the process (process application tools, backup, etc). 

 

                                                           
3 Represent what the legacy system does in a higher abstraction level than the system operations. 

From Table 2 to Table 5 a summary of PARFAIT is 
presented, with the objectives of each process phase and 
the suggested time percentage for its execution; each phase 
activities and its objectives; each activity responsible 
worker, as well as an execution guide for the next 
activity/step. Metrics are being determined to observe the 
product quality and for process improvement. The activity 
steps are not presented in detail due to space restrictions. 

The complete and detailed documentation of the 
PARFAIT sketch, together with a tutorial that shows its 
application step by step in a real case study, can be found 
in Cagnin et al. [7]. The guidelines to support each activity 
step, together with the inspections to validate the artifacts 
produced during the process application, can also be found 
in that document. 



Table 2 – Reengineering inception phase summary 
Phase: INCEPTION 
Objective: Observe the risks to use the business resource management domain framework in a legacy system reengineering. 
Suggested Percent Time: 10 

Essential Activities Objective Worker Next Activity/Step 
Obtain familiarity with the 
framework domain 

Analyze the domain and verify which features 
are covered by the framework. 

Domain 
Analyst 

Activity: Observe the legacy system domain in relation 
to the framework domain. 

Observe the legacy system 
domain in relation to the 
framework domain 

Identify the legacy system features to observe 
if it belongs to the same domain of the 
framework, in order to use the framework in 
the reengineering process. 

Domain 
Analyst 

Activity: Compare the non-functional framework 
features with those of the legacy system, or Activity: 
Develop a use case diagram to document the test cases. 

Compare the non-functional 
framework features with 
those of the legacy system 

Observe if the framework non-functional 
features are acceptable or modifiable to 
support the legacy system reengineering. 

Domain 
Analyst 

Activity: Develop a use case diagram to document the 
test cases. 

Milestone Evaluation criteria are established to check the viability of the framework usage in the reengineering process. 

Table 3 – Reengineering elaboration phase summary 
Phase: ELABORATION 
Objective: Elaborate the legacy system documentation in order to support the CONSTRUCTION phase, in the framework instantiation and the 
adaptation of the prototype obtained. 
Suggested Percent Time: 30 

Essential Activities Objective Worker Next Activity/Step 
Develop a use case 
diagram to document 
the test cases 

Understand the legacy system main 
functionalities and document the test 
cases used to exercise its operations. 

System 
Analyst 

Activity: Observe the legacy system domain in relation to the 
framework domain (if it is necessary to refine this activity), or 
Activity: Document the system business rules (if some business rule 
was identified during the legacy system use), or Activity: Develop 
the system class diagram 

Develop the system 
class diagram 

Develop a sketch of the legacy system 
class diagram based on the pattern 
language. 

System 
Analyst 

Activity: Document the changes done in the class diagram (after 
each update in the class diagram to represent the functionalities not 
covered by the pattern language), or Activity: Execute the test cases 
in the OO system prototype (in case that was the previously 
executed activity), or Activity: Develop an OO system prototype. 

Document the 
changes done in the 
class diagram 

Document the patterns used that do 
not fully fit the legacy system 
functionalities and also the addition of 
elements in the system class diagram. 

System 
Analyst 

Activity: Develop the system class diagram. 

Document the system 
business rules  

Document each business rule 
identified by the test cases. 

System 
Analyst 

Activity: Develop a use case diagram to document the test cases (in 
case that was the previously executed activity), or Activity: Execute 
the test cases in the OO system prototype (in case that was the 
previously executed activity). 

Write the system user 
manual 

Create the OO system user manual or 
a help on-line. 

System 
Analyst 

Activity: Convert the legacy system database. 

Milestone Evaluation criteria are established to verify if it is possible to obtain a proper general view of the legacy system; if the 
framework usage is really viable. 

Table 4 – Reengineering construction phase summary 
Phase: CONSTRUCTION 
Objective: Create an OO system prototype and adapt it to make it functionally compatible with the legacy system. 
Suggested Percent Time: 45 

Essential Activities Objective Worker Next Activity/Step 
Develop an OO 
system prototype  

Create an OO system prototype through 
the framework instantiation. 

Developer Activity: Execute the test cases in the OO system prototype. 

Execute the test cases 
in the OO system 
prototype 

Test the prototype with the test cases 
documented, in order to observe the 
difference of behavior among the 
system versions, so as to discover 
business rules and functionalities 
specific to the legacy system. 

Tester Step: Add to the class diagram the functionalities not covered by 
the pattern language patterns (if the functionality identified by the 
test case had not been documented), or Activity: Document the 
system business rules (when a business rule is identified by the 
test case), or Activity: Adapt the OO system prototype. 

Adapt the OO system 
prototype 

Adapt the prototype to the business 
rules, functionalities not covered by the 
pattern language, and to the users 
suggestions. 

Developer Step: Add, to the class diagram, the functionalities not covered by 
the pattern language patterns (after each change in the prototype), 
or Activity: Test the OO system (in case that was the previously 
executed activity), or Activity: Train the final users (in case that 
was the previously executed activity), or Activity: Write the 
system user manual (in case the implementation, of the 
adaptations previously defined, has been completed). 

Milestone Evaluation criteria are established to verify if the prototype satisfies the users modification requested and if it can be 
submitted to the validation test. 



 

 
Table 5 – Reengineering transition phase summary 

Phase: TRANSITION 
Objective: Assure that the software is ready to become available to the users and deploy it to in the organization. 
Suggested Percent Time: 15 

Essential Activities Objective Worker Next Activity/Step 
Convert the legacy 
system database 

Migrate the legacy system database data to 
that of the OO system. 

Database 
administrator 

Activity: Test the OO system. 

Test the OO system  Submit the OO system to the test cases in 
order to evaluate the product maturity. 

Tester Activity: Adapt the OO system prototype (if the test case 
result is different from the expected), or  
Activity: Train the final users. 

Train the final users Prepare the users to properly use the OO 
system. 

System 
Analyst 

Activity: Adapt the OO system prototype (if the user 
requested some change). 

Milestone Evaluation criteria are established to evaluate the satisfaction of the users and of the organization that requested the 
reengineering. 

 
 

In Figure 2 an overview of the PARFAIT sketch is 
presented, highlighting its phases, its activities with an 
indication of mandatory execution, and its steps. The 
number inside in each circle, in each activity/step, 
represents the sequence of activities/steps carried out in a 
case study summarily presented in Section 4. 

 
4. Case Study 

 
This section presents a summary of a case study using 

PARFAIT. It refers to a legacy system developed in 
Clipper, with about 4.800 source code lines, used to 
manage the entry and exit of electronic appliances in a 
specialized shop. The system has 26 operations for 
supporting registration, processing, reports, and queries. 

The activities Obtain familiarity with the framework 
domain, Observe the legacy system domain in relation to 
the framework domain, Compare the non-functional 
framework features with those of the legacy system and 
Develop a use case diagram to document the test cases 
have been performed sequentially as shown in the circles 
numbered 1 to 4 in Figure 2.  

After use case diagram construction, users of the 
legacy system validated it, so as to verify if there were 
new requirements, inherent to the organization 
functioning, to be added or others to be removed. The 
users have approved this diagram and the reengineering 
project could proceed. 

Considering the general overview of the PARFAIT 
sketch of Figure 2, the following activities Develop the 
system class diagram and Document the changes done in 
the class diagram have been executed iteratively as shown 
in the circles numbered 5 to 11 in Figure 2. This shows 
that there have been a gradual evolution and refinement of 
the class diagram in the last version presented in Figure 3. 
Classes Technician, Customer, WorkOrder, 
Appliance, Type and TypeSpecification result of 
classes instantiation of the patterns (1) IDENTIFY THE 
RESOURCE, (8) MAINTAIN THE RESOURCE, and (14) 
IDENTIFY THE TRANSACTION EXECUTOR of the GRN 

pattern language and have attributes and methods specific 
of the legacy system. Class System has been created to 
implement the system generic functionalities, as for 
example, label emission with the company data. 

After GREN framework instantiation (activity Develop 
an OO system prototype) supported by the GREN-Wizard 
instantiation tool [5] and conducted based on the GRN 
patterns used during the class diagram development 
(activity Develop the system class diagram), the OO 
system prototype could be exercised. Next, the test cases, 
exercised in the legacy system and documented in the 
activity Develop a use case diagram to document the test 
cases, have been re-applied to the OO system prototype 
(activity Execute the test cases in the OO system 
prototype) to discover business rules and functionalities 
specific of the legacy system or present in the framework 
and not required by the legacy system. As the system is 
small and belongs to a specific domain, only one business 
rule and seven functionalities have been identified through 
test cases. The business rule identified has been validated 
by the users and refers to the guarantee of the repair 
executed in the electronic shop (if the last repair exit data 
of a certain appliance occurred in the last 90 days, then the 
appliance repair is inside the guarantee period). Of the 
seven functionalities identified, five are present in the 
legacy system and are not present in the OO system 
prototype and two are present in the OO system prototype 
but are not required by the legacy system, because they 
have been inherited from the framework. It is important to 
mention that no new functionality has been added to the 
system. After the business rule discovery, its 
documentation has been made in the activity Document the 
system business rules and, subsequently, both the business 
rule and the functionalities have been implemented in the 
prototype through the activity Adapt the OO system 
prototype. Each prototype adaptation has been tested with 
the test cases that identified the reason for the adaptation 
(business rule or functionalities) and the developer, 
according to the needs, has created other test cases. 
 



 
 

CONSTRUCTION

ELABORATION

Obtain familiarity with
the framework domain

1. Verify the framework
domain through its docu-
mentation.
2. Exercise systems that
be l o n g  t o  f r a m ew o r k
domain.
3. Sketch the domain class
diagram.

Compare the non-functio-
nal framework features
with those of the legacy

system

1. Observe the legacy system
non-functional features.
2. Check if the framework
covers the legacy system
non-functional features.
3. Check the possibility of
changing the framework to
a t t e n d  t h e  f ea t u re s  n o t
covered.

Observe the legacy
system domain in rela-
tion to the framework

domain

1. Exercise the legacy
system to  observe i t s
features.
2. Check if the frame-
work covers the legacy
system functionalities.

TRANSITION

Convert the legacy
system database

1 .  D e t e r m i n e  t h e
correspondence of the
legacy system database
w i t h  t h e  O O  s y s t e m
database.
2 .  C r e a t e  s c r i p t s  t o
migrate the legacy system
data to the OO system
database.

Develop an OO system
prototype

1 .  I n s t a n c i a t e  t h e
framework to generate the
OO system prototype.

Test the OO
system

1. Execute the test cases in
the OO system.
2 .  C h e c k  t h e  r e s u l t
o b t a i n e d  w i t h  t h e
expected result  of each
test case.
3. Obtain the coverage of
the test cases executed.

3

2

Adapt the OO system
prototype

1. Adapt the OO system
prototype to the business
rules identified.
2. Adapt the OO system
p r o t o t y p e  t o  t h e
functionalities identified.
3. Adapt the OO system
prototype to the legacy
system interface.

1
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15

Train the final users

1. Show the location of
t h e  l e g a c y  s y s t e m
functionalities in the OO
system.
2. Demonstrate the OO
system using the use cases
documented.

Execute the test cases
in the OO system

prototype

1 .  E x e c u t e  i n  t h e
prototype the test cases
documented.
2. Compare the prototype
result obtained with the
expected result of each
test case.
3. Classify the test cases
that have different results
than those expected.
4. Validate the business
rules identified with the
users.

Legend:

Milestone at the end of each phase

Iterative and incremental activity

Previous activity of another phase

12 13

* Process guidelines and inspections are
not represented.

No-mandatory activity

INCEPTION

Develop a use case
diagram to document

the test cases

1. Exercise the system
operations to identify the
n o rma l  a n d  a l t e rn a t e
execution paths.
2. Document the test cases
of each execution path.
3. Specify  the normal and
alternative paths of the
most important opera-
tions.
4. Derive and document
test cases applying criteria
of functional test techni-
ques.

Develop the system
class diagram

1 .  S k e t c h  t h e  c l a s s
diagram using the patterns
of the pattern language.

2 .  A d d  t o  t h e  c l a s s
diagram the functionalities
not covered by the pattern
language patterns.

4

7

9

11

5

Document the changes
d o n e  i n  t h e  c l a s s
diagram

1. Document the changes
done in the class diagram
not covered by the pattern
language.
2. Document the pattern
language functionalities
that do not match those of
the legacy system.

6

10

8

Document the system
business rules

1. Execute the test cases
identifiers of the business
rules.
2. Document the business
rules in detail.

14
Write the system user
manual

1. Document the interface
standards used.
2. Document the system
functionalities position in
menu.
3 .  Document the entry
c o n s t r a i n t s  o f  e a c h
interface screen data.
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Figure 2 – Overview of PARFAIT 

 
 



After conducting adaptations in the prototype, it has 
been presented to the user and exercised together with the 
legacy system. This allowed the user to clearly observe the 
difference between the two version interfaces and to 
suggest improvements (for example, modification in the 
result of two queries; modification in the form of the 
electronic appliance identification in the OO system; 
implement alternative to combo-box components, when 
there is the possibility of loading a large number of 
records, so as to avoid system degradation, etc). These 
suggestions allowed the identification of twelve new 
functionalities and four new framework hotspots (that is, 
the suggestions can be considered generic and useful to 
other applications). The suggestions have been classified 
according to their priority and the major part has been 
implemented. After completing the adaptations requested 
by the users, a system manual was written (activity Write 
the system user manual). 

The legacy system database has been converted 
(activity Convert the legacy system database) to the 
MySQL database management system, used by the OO 
system. Then, the activity Test the OO system has been 
executed using the test cases derived from the legacy 
system, in order to observe the functional similarity 
between the system versions. After system deployment, 
the faults detected during the initial system utilization 

period can be recorded in order to analyze the product 
quality and to subsidize eventual process improvement 
activities. 

In Table 6, the differences between the legacy system 
and the OO system, resulting of the reengineering relative 
to some features, are presented. The large difference in 
LOC between the legacy system and the OO system is due 
to the fact that, in the last, there is reuse of the framework 
methods that implement the domain inherent 
functionalities. 

According with Table 6, out of the 16 Smalltalk system 
classes, only one has been manually created and the others 
have been instantiated through the framework; out of the 
290 object oriented system methods, 218 methods have 
been obtained by the framework instantiation. The other 
methods have been manually implemented and of these, 
61 methods have been created from scratch, 2 methods 
have resulted of the modification of existing methods, and 
9 methods were overridden. The main reason why there 
are more methods in the OO system than in the legacy 
system is that the last has not data encapsulation and 
several procedures implement more than one functionality. 

Figure 4 shows one of the legacy system screen and 
Figure 5 shows the corresponding screen in the OO system 
after applying PARFAIT. 
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Figure 3 – Class Diagram – final version 

 

 



Table 6 – Features of the legacy system versus OO 
system 

Features Legacy 
System 

OO System 

programming language Clipper Smalltalk 
number of modules/classes 30 16 
number of procedures 
/methods 

63 290 

number of business rules 1 1 
number of test cases 16 # 40  
LOC # 4.800 # 2.200 
development time # 30 days4 # 10 days 

 

 
Figure 4 – Legacy System Screen 

 

 
Figure 5 - OO System Screen System 

 
5. Conclusion and Future Work 
 

This paper presented a framework-based agile 
reengineering process sketch, named PARFAIT, which 
uses a pattern language in which the framework 
construction has been based, to recover the legacy system 
class diagram, in order to facilitate the framework 
instantiation, providing a prototype at the very initial steps 
of the reengineering process. Furthermore, it documents 
test cases resulting of the legacy system execution and use 
them: (a) to apply them to the evolving prototype resulting 
of the framework instantiation, to discover business rules 
                                                           
4 it was obtained with the legacy system developer 

and functionalities specific of the legacy system or present 
in the framework and not required by the legacy system 
and (b) to test the OO system to verify the similarity of its 
functionalities with those of the legacy system. 

The system resulting of the PARFAIT sketch can be 
considered just a prototype in case there are, for example, 
non-functional requirements (performance, consistency, 
security, reliability, etc) that have not been fully satisfied. 
In that case, it is necessary that such prototype be 
submitted to evolutionary processes or reengineering 
processes keeping the OO paradigm until it fully satisfies 
the initially requested requirements. 

From the analysis of the PARFAIT sketch features and 
from its experimentation, it has been observed that the 
greatest majority of the agile processes features [1, 8, 17] 
are present in it: a) it has an incremental approach; b) it is 
cooperative, as it counts with users and customers 
opinions and approvals during the process application, and 
these actively participate of the decisions made during the 
project, cooperating for the product to be approved as the 
project evolves; c) it is straightforward, as the process is 
easy to understand and has a complete documentation in 
tutorial form; d) it is adaptive, as new user requirements 
can be added at any moment during its application; e) it 
allows the software engineer to obtain an executable 
version of the legacy system in the OO paradigm as soon 
as possible; f) it constantly tests the product; and g) the 
execution of its activities is dynamic, that is, can or cannot 
be executed, depending on the experience of the software 
engineers that are applying the process. 

By the experience obtained from case studies 
conducted, it was observed that a significative amount of 
the time and effort have been spent in the prototype 
adaptation and the largest difficulty faced was in the 
understanding of the framework structure to make correct 
the adaptations in the prototype. 

The domain specific framework does not impose 
constraint in the system size limit. The main points related 
to scalability of this approach are the effort for 
understanding the system and the effort to adapt and/or 
evolve the framework to attend the requirements. These 
points will be addressed in the next case study we are 
planning to carry out. 

At this stage, addressing the non-functional 
requirements is not our main concern, although some are 
addressed indirectly such as usability for the framework 
somehow establishes a common interface amongst the 
applications. Performance, security and portability are not 
addressed at all, at this stage. 

Experiments shall be planned and conducted in order 
to evaluate and improve the quality and maturity of 
PARFAIT. A tool to support the process application will 
be defined and implemented aiming at improving its 
agility and also to guarantee the management of the 



 

produced artifacts versions in the several iterations 
performed during PARFAIT application. 
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