
Abstract
Feature-Oriented Programming (FOP) is a new paradigm which 
allows decomposition of a program into its constituent features. 
Typically, from a set of features many different software systems 
can be generated that share common features and differ in other 
features incrementally. In the present study, the application of 
FOP methodology has been investigated in the development of 
the banking software: MGBankSoft using Eclipse-FeatureIDE 
environment. The investigation aims to reveal the usefulness 
of FOP methodology in software development for banking 
system. The study concludes that FOP methodology in Eclipse-
FeatureIDE environment offers powerful support for modular 
design and implementation of banking software system with 
user selected features. Symbiosis of FOP and AOP can further 
improve the software evolution.

Keywords
Feature Model, Feature-Oriented Programming, Eclipse-
FeatureIDE Environment, Banking Software.

I. Introduction
Banking industry plays an important role in the economic life 
of the nation. It functions like the heart in economic structure, 
where the capital provided by it acts like the blood. As long as 
the blood is in circulation, the organs will remain sound and 
healthy [1]. Although banks create no new wealth but their 
borrowing, lending, and related activity facilitate the process of 
production, distribution, exchange and consumption of wealth 
[2]. In this way, they become very effective partners in the 
process of economic development.
Globalization and financial innovations have brought about a 
number of benefits [3]. However, historic evidence suggests that 
the financial markets are intrinsically fragile [4] and sometimes 
they may lead to market meltdown [5].  Dynamic behavior, 
varying requirements and competitive pressures make banking 
software evolution very challenging as it needs continuous 
adaptation, extension and customization. Because of cost and 
time constraints, it is not frequently possible to develop new 
software from scratch. As such increased software reuse is the 
suitable solution. However, the more code we reuse en bloc, the 
less it fits the different context of deployment. Software Product 
Line (SPL) [6] promises a solution by generating families of 
programs and not one single monolithic piece of software. The 
most useful way of implementing a Software Product Line is 
to use Feature-Oriented Programming.
Feature-Oriented Programming (FOP) [7, 8] is a new paradigm 
which allows decomposition of a program into its constituent 
features. A feature is a logically cohesive piece of functionality 
which is present in all phases of software development [9].The 
concept of feature is useful for description of commonalities 
and variabilities in the analysis, design and implementation of 
software systems. FOP models a program as sets of features 
that in aggregate represent the final product.
The dynamical behavior of the banking system can be easily 

encapsulated in the form of a feature model [10,11]. Typically, 
from a set of features, many different software systems can 
be generated that share common features and differ in other 
features incrementally. The stepwise refinement [12] of features 
leads to a layered stack of features. This helps in constructing 
well-structured software that can be tailored to the specific 
needs of the user and the application scenario.
FeatureIDE [13 - 15] is an Eclipse-based IDE that supports 
building program families following the AHEAD [16,17] 
architecture model. It provides tools for the Feature-Oriented 
Design process and implementation of software product 
lines. Domain analysis and feature modeling are supported 
with graphical feature-model editor. Feature implementation 
is supported by providing an editor for AHEAD’s Java dialect 
Jak. Eclipse-FeatureIDE provides the most powerful and 
commercially successful open source enhanced IDE support 
for FOP implementations.
In the present study, the application of FOP methodology 
has been investigated in the development of the software 
‘MGBankSoft’ for a selected banking system using Eclipse-
FeatureIDE environment. The problem domain and requirements 
for the system have been identified and the software has been 
developed using Feature-Oriented Programming methodology. 
Features can be selected or removed as per requirements 
and the software configuration can be modified accordingly. 
Full benefits of FOP are realized using different visual and 
navigational features of Eclipse-FeatureIDE environment. The 
impact of using this methodology on various quality factors 
of the software has been examined. This study assesses the 
usefulness of FOP methodology in design and development of 
real world quality banking software projects for user’s varying 
needs.
The rest of the paper is organized as follows: Section II presents 
an overview of the exemplary banking system and Section III 
focuses on software requirements and feature modularization. 
Section IV explains FOP design and implementation. Section 
V discusses observations regarding the impact of using FOP 
methodology in Eclipse-FeatureIDE environment on various 
quality factors of the designed software and identifies the 
advantages and pitfalls. The last section provides the concluding 
remarks.

II. Banking System 
The Banking system consists mainly of the customers, 
employees, managers and bank database. The system has 
various functionalities like – opening and closing account, 
withdrawal and deposit cash from/to account, account 
details, loan facility, demand draft etc. Among these multifold 
functionalities, the selected banking system focuses on the 
working of account transactions. Bank employee helps the 
customer to avail the various services of the bank. When 
customer visits the bank to open his/her account, bank 
employee asks him/her to fill certain forms and submit 
related papers. New account request is then checked by the 
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manager and when he permits, account number is allotted to 
the customer. Now customer can deposit /withdraw cash to/
from his/her account. This also includes services like internet 
banking and ATM. New services can be added to or removed 
from the system with changing environmental needs. 

I I I .  Software Requirements and Feature 
Modularization
The banking system requires a software product with multi 
features that can be added or removed incrementally on 
demand. Object-Oriented Programming (OOP) methodology 
has been found to be inadequate in development of software 
using incremental approach. Designing banking software using 
Feature-Oriented Programming makes software evolution faster 
and new features can be added as increments on existing 
software. In this way, a line of similar products with varying 
features is developed for the banking domain. The software 
product meeting the user’s requirements can be generated by 
simply selecting the suitable features.
First step in the software evolution is to identify the system 
requirements and to depict them as Use-Case Diagram 
(Fig. 1). This diagram explains the requirements from user’s 
perspective.
FOP methodology modularizes software into feature modules 
which represent features. Features encapsulate user 
requirements in software modules. From the study and analysis 
of the system and problem domain, mandatory features and 
optional features are identified. 

Fig. 1:  Use case diagram of Banking System

Fig. 2: Feature Model Diagram for Banking System: 
MGBankSoft
Fig. 2 shows the feature model diagram for this system. 

The diagram clearly defines the mandatory features with 
filled balloons and optional features with empty balloons. 
MGBankSoft_base is the root feature which has two mandatory 
features: Acc_Type and Operation and one optional feature: 
ExtraServices. Acc_Type is abstract feature and it covers 
account classification. It has two alternative features: Saving 
and Current which provide saving and current account related 
services respectively. Alternative features allow selection of 
only one feature at a time. Operation is also an abstract feature 
and it specifies the operations on account. This feature has five 
mandatory features: Acc_creation, Acc_close, Debit, Credit and 
Acc_balance. They are further classified into optional features 
according to bank services. Transfercash is optional feature. 
ExtraServices feature has two optional features: Loan Services 
and DemandDraft. Similarly other features are included 
according to the requirements.
Mandatory features are compulsory features of the system 
whereas the optional features can be included or excluded as 
per requirements. With the selection and exclusion of features, 
software provides different facilities in different configurations. 
Organization may choose the best configuration for meeting 
the system requirements. 

IV. Design and Implementation
 The Banking software: MGBankSoft has been developed using 
FOP methodology, to satisfy the requirements of the system. 
It is user friendly and menu driven. It has been designed 
in the Eclipse-FeatureIDE Environment. The basic classes 
of this software include Account, Customer, Dbconnection, 
Welcomescreen, Parentform, ATM, Serviceform etc. A class 
encapsulates a separate feature of the system. Initially feature 
diagram of the system is created as model.m file. Feature 
diagram is tree structure where each node represents a 
particular feature. FeatureIDE provides facility to edit these 
features. As soon as Feature diagram is created, src folder 
reflects the related feature folders. Here in each folder classes 
are coded. These are Jak files. As new features are added 
some classes are refined in the software. In this software, 
Welcomescreen class is the main interface class.
The classes refined with the features are:
1) Interface Classes: Parentform and Serviceform are 

interface classes which are refined with Operation and 
Extra Services features. At every level of Feature Model 
tree, a new feature is coded in these classes. A few new 
interface classes like Modificationform, Databaseform etc 
are also coded.

2) Intermediate Classes: Account, Customer, ATM, Internet 
etc are intermediate classes that control the system 
transactions. Account and Customer classes are refined in 
Operation and Acc_Type features by including the account 
related working and customer services. ATM and Internet 
classes are refined in Debit, Credit, Acc_balance and

54 InternatIonal Journal of Computer SCIenCe and teChnology

IJCSt Vol. 2, ISSue 1, marCh 2011 I S S N  :  2 2 2 9 - 4 3 3 3 ( P r i n t )  |  I S S N  :  0 9 7 6 - 8 4 9 1 ( O n l i n e )

w w w . i j c s t . c o m



Fig. 3: Feature Model Diagram and Package Explorer View of 
MGBankSoft

Fig. 4: Configuration Editor showing Configuration equation: 
SimpleAcc TransferCash features to include the advanced 
services in the system.
3) Database classes: Dbconnection, Transactiondb etc are 

classes for controlling databases and are refined in all 
features.

After the coding phase, the required features can be selected 
and the software can be conFig.accordingly. In FeatureIDE, 
the software is implemented by forming an equaton file in 
the Equation folder. Equation represents the set of features 
selected for the software. There can be more than one equation 
file and they are composed with different feature selections. 
These equation files run independently, one at a time by setting 
run configuration.

In this study, FeatureIDE provided good tool support for editing, 
building and debugging FOP programs on Eclipse Platform. 
It provided several aids to assist in understanding and 
programming in FOP with AHEAD tool suite. The most important 
are Feature Model Editor - graphical and text based, Feature 
Model based on the GUIDSL grammar, refactoring support 
for Jak files etc. Feature Model Editor and Feature Diagram 
are fascinating tools which make development of software 
more real and understandable. Clear picture of Features 
interrelations are expressed by the Feature diagram. Fig. 3 
shows the Feature Model Editor with Package Explorer View 
of MGBankSoft. This can be easily edited. Another important 
view is the Configuration Editor View. This editor helps user 
to select or deselect the required features for the system. It 
also specifies the valid and invalid combination of the features 
through which only correct design is simulated. Fig. 4 shows 
Configuration Editor View showing Configuration equation: 
SimpleAcc. In this Fig.elementary features are selected for 
the banking system. 

Fig. 5: Collaboration Diagram of Configuration equation: 
SimpleAcc 

Fig. 6: Configuration editor showing Configuration equation: 
CurrentAcc

Fig. 7: Collaboration Diagram of Configuration equation: 
CurrentAcc

Collaboration diagram is an important tool which shows all 
the features and classes in a particular equation. The vertical 
side shows all the features and upper horizontal side shows 
all the classes. This diagram also describes how classes are 
included or refined in different features. Dark shaded boxes 
are those classes and features which are part of the selected 
configuration equation. Light shaded boxes are those classes 
and features which are not part of the equation. Fig. 5 shows 
the Collaboration Diagram for the configuration equation: 
SimpleAcc. Similarly Fig. 6 and Fig. 7 depict the Configuration 
Editor View and Collaboration Diagram for the Configuration 
equation: CurrentAcc.

Thus, various navigational views of FeatureIDE ease the software 
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development and help in understanding the system behavior. 
With their help, software design can be easily modified and 
updated.

For verification and validation, the software was tested by 
entering different data sets and the resulting output was 
examined. It was noticed that all the functionalities of the 
system worked correctly. This indicated the ‘Correctness’ of 
the application software. The software met all the desired 
specifications and needs.

V. Discussion
This investigation has been made to study the usefulness 
of FOP methodology in development of banking application 
software. Impact of using this methodology on various quality 
factors has been examined. Observations made in the study 
are presented in this section.

FOP models a software system as sets of features that in 
aggregate represent the final product. Here a feature is an 
end-user visible characteristic or requirement in the software 
system. Features are modular entities encapsulating the 
particular functionality of the system. Feature classification 
via Feature Model, increases the comprehensibility of the 
software and reduces its complexity. Features can be easily 
added, removed and modified. This clearly reflects the flexible 
nature of features which makes software highly adaptive to 
changing requirements.

Features can refine other features incrementally. Thus FOP 
designed software supports reusability. From a single Feature 
model, different versions of the software can be generated 
by selecting or deselecting the set of features. This is called 
‘Software Product Line’ (SPL). This supports development of 
a product family and reduces software design cost and time 
considerably. Reduction of maintainability cost and software 
evolution time, are also observed.

The most important strength of FOP is its ability to generate 
many similar but functionally different programs from the same 
set of features simply through selection of desired features. 
The stepwise refinement leads to a layered stack of features. 
Thus, well-structured software tailored to the specific needs of 
the user and the application scenario, can be constructed.

Eclipse – FeatureIDE is observed as the most advanced and 
comprehensive environment that represents a proven, reliable, 
open source technology, on which commercial products can 
be quickly designed, developed and deployed.

It is also observed that lack of crosscutting modularity, 
scalability and feature interactions are the main drawbacks of 
FOP. Since AOP focuses on the separation and modularization 
of crosscutting concerns, it is  best qualified to improve FOP 
[18, 19]. Thus symbiosis of FOP and AOP can further improve 
the software evolution [20].

VI. Conclusion
In this study, a user friendly and menu driven application 
software for the selected Banking system has been designed 
and implemented using FOP methodology in Eclipse-FeatureIDE 
environment.

Use of FOP methodology increased several software quality 

factors such as modularity, understandability, readability, 
maintainability, extendibility, reusability, traceability, flexibility, 
adaptability and ease of evolution. Reduction in development 
time and costing were also observed.

Thus, overall improvements in the quality and performance of 
the software system were realized. Several innovative visual and 
navigational features of Eclipse-FeatureIDE environment made 
the development work of the software easy and reliable.

Successful implementation of the application concludes that 
FOP methodology in Eclipse-FeatureIDE environment offers 
powerful support for modular design and implementation of 
real world quality banking software. Symbiosis of FOP and AOP 
can further improve the software evolution. 
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