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Abstract

Software product lines are a booming approach to software reuse. Software product lines enable
modular and huge scale reuse. The success of a software product line approach directly depends
on how well feature variability within the group is implemented and managed all through the
development lifecycle. In order to obtain the profit of software product lines, their designs need
to be stable. To an important scope, the development of product lines is difficult by crosscutting
concerns. It is generally assumed that aspect-oriented programming promotes better modularity
and changeability of product lines than conventional variability mechanisms. Aspect-oriented
programming may grow the design level of software, the reusability of components and the
implementation of separation of concerns. Modeling variability is a center problem in software
product line engineering. So modeling variability with aspect-oriented techniques is a clear idea
which has been exploited before to some scope. Report discusses a new approach aspect oriented
technique for the modularization of concerns that facilitates variability implementation,
management and tracing by aspect-oriented technique. The relationship between variability,
commonality and variation point in a software product line bears similarities to the relationship
between crosscutting concerns, core concerns and joint point in aspect oriented modeling
respectively. The overall goal of this research is to improve software product line using aspects
S0 as to enable software reuse, design functionality and flexible extensibility of requirements.

Domain analysis has been recommended by many researchers in the reuse research as an
essential process for achieving successful reuse. Reuse of products, processes and all kinds of
knowledge has been recognized as an objective in software engineering, in order to build up
reliable and high quality software systems on schedule and within budget. This duality of issues
calls for methods as domain analysis to systematically build reusable elements. In this report a
description of domain analysis including domain analysis phases, domain analysis methods and
quality attributes of domain analysis methods are given. There are many methods for domain
analysis during reuse. These include FODA, JODA, ODM, DSSA and DADP methods. They all
differ in the quality attributes they support. The quality attributes supported by two domain



analysis methods namely joint object oriented domain analysis and domain analysis and design

process method have been identified and verified using a case study of ATM.

Requirements of a software product line are organized into features in feature- oriented domain
analysis approach. Feature models are widely used to model the information gathered during
domain analysis. These are generally used as a means for capturing commonality and managing
variability of a software product line. Natural language oriented models (language extended
lexicon) are useful during the first stages of software development as it is in general
understandable by stakeholders encouraging their participation. Here the recommendation is to
define natural language oriented requirement model, known as language extended lexicon and

derive a UML class diagram and object diagram from them.



Abbreviations

AOP Aspect Oriented Programming

ATM Automated Teller Machine

DA Domain Analysis

DADP Domain Analysis and Design Process
DISA Defense Information Systems Agency
DSSA Domain Specific Software Architecture
FODA Feature Oriented Domain Analysis
JIAWG Joint Integrated Avionics Working Group
JODA Joint Object Oriented Domain Analysis
LEL Language Extended Lexicon

ODM Organizational Domain Modelling

SPL Software Product Line

SPLE Software Product Line Engineering
SPLs Software Product Line

STARS Software Technology for Adaptable and Reliable Systems Program

UofD Universe of Discourse
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Chapter 1

Introduction

1.1 Software Product Line

Software reuse is the use of already existing software to build new software. Software
reuse is important because people want to construct systems that are bigger, more
complex, more reliable, and less expensive and which must be delivered on time. The
traditional software engineering methods are found inadequate for these demands of
software engineering. The purpose of a software product line is to decrease the
engineering effort required to develop a group of related systems by capitalizing on the
commonality between the systems and by officially managing the variation between the
systems. Software product line support the set of products which is determined by the
specified product line variability [32]. Modeling variability is a core problem in software
product line engineering. Cross cutting concerns are a tedious job which the traditional
methods have failed to implement.

Aspect orientation provides better modularization of crosscutting concerns. One of the
major promises of aspect-oriented programming is to advance software maintainability
during new modularization mechanisms for encapsulating crosscutting concerns. So
modeling variability with aspect- oriented techniques is a clear idea which has been

exploited before to some extent.

Object oriented approach, however, encounters the separation of concerns that leads to
the code-tangling and code-scattering. Aspect oriented programming (AOP) has been
considered a promising abstraction principle to decrease the problem of code tangling and

make software structure clean and configurable.

Aspect oriented programming (AOP) separates crosscutting concerns that are usually
tough to do in object-oriented programming. Some concerns can be simply encapsulated
within modules, according to the selected implementation language; however, others

whose functionality affects numerous modules, are called crosscutting concerns and they



are difficult to separate. Before encapsulating crosscutting behavior into an aspect, the
developer must initially identify it in the requirements. This is difficult, because, by their
nature, they produce an entangled or scattered code, which is difficult to understand and
maintain and are likely to be described in multiple parts of the requirements document.
They cannot be easily encapsulated into new functional units as implicit functionality

because they crosscut the entire system and are implemented in various classes.
1.2 Domain Analysis

Domain analysis is used in software product line to identify the main characteristics of
applications in a particular domain. Domain analysis considers commonalities and
differences across the group and provides a systematic approach for dealing with
commonalities from reuse point of view [1]. Domain analysis is part of the domain
engineering process that uses the domain model to define reusable software architecture,
to design reusable code and to define the structure of the domain. The objects in domain
are defined by their service and their attributes, while domain structure is defined through
whole-part concepts, variation in objects, services, attributes, and concepts, and the

relationships between these objects and concepts [2].

Domain analysis is an object-oriented analysis with emphasis on a group of applications.
Domain analysis produces models for architecture and implementation as well [3, 4].
Thus domain analysis approach can support a mapping from the problem space to
appropriate objects and classes, while considering the design context for patterns and
frameworks. The goal of domain analysis is to define a domain model that can be used to
produce reusable software objects, especially reusable requirements [5]. There are a
number of domain analysis methods. These include FODA, JODA, ODM, DSSA and
DADP methods. These all have different steps for performing domain analysis. All of
these support different quality attributes like reusability, stability, coupling and cohesion,
etc. [1].

1.3 Language Extended Lexicon



Software product line engineering is a procedural frame for engineering software product
lines (SPLs). SPLs are developed as a entire and share many assets, together with this
increasing reusability. The problem space in SPLs is captured with feature models. A
feature model, first introduced by Kang [6], is represented with a feature diagram. It
includes actions for identifying and modeling the commonalities and variabilities of a
product line in terms of features and for analyzing dependencies between these features.
Existing feature models frequently tend to produce very large feature models in size. To
treat such large feature models as monolithic entities makes them very hard to
understand, develop, manage and evolve. Usually every change performed on a feature
model must be verified by a group of experts with different expertise [7], which is time

consuming as well as costly.

Particularly, feature model distinguish between non-crosscutting concerns called base
concerns and crosscutting concerns called aspects. However, a feature model is not
simply comprehensible to stakeholders. During the early stages of software development
the interaction with stakeholders is mainly inconvenient. For this explanation, natural
language is still widely used to model requirements information. In this report, case
studies are used to demonstrate the viability of the approach on a real world scenario and
to analyze guidelines for the constructions of the feature model of the various case
studies. Natural language (language extended lexicon) is the only notation that can be
read and understood by the stakeholders, hence encouraging their active participation
crucial in first steps of software development.UML is used to represent design for the
developers. This report presents transformation processes, using natural language
oriented requirements models (LEL) to derive UML class diagrams and object diagrams

from them.

Organization of the thesis: Chapter 1 has introduction. Literature survey is presented in
chapter 2. Chapter 3 contains the problem statements taken up in the thesis. Proposed
solutions are presented in chapter 4. Chapter 5 has conclusion and future scope.



Chapter 2

Literature Survey

2.1 Software Product Line Engineering

Software product line engineering is the discipline of engineering a set of software-
intensive systems which are sharing a common, managed set of features that fulfill the
specific needs of a particular market segment and that are developed from a common set
of core assets in a given way[8] e.g., car engine management systems and so many. The
main purpose of a software product line is to decrease the overall engineering effort
which is required to produce a group of similar systems by capitalizing on the
commonalities between the systems and by managing the variabilities between the
systems. The commonalities consist of the artifacts and the properties that are common to
all product line applications. The variabilities define how a variety of applications
derived from the product line can differ. Though not all product line engineering
approaches explicitly address a product line requirements document, it is beneficial to
have one [9]. Such a document gives details of the variability by specifying variation

points and product specific variants that can be bound to the variation points [10].

A variation point defines what does vary? It documents a variable item or a variable
property of an item. A variant defines how does it vary? It documents the possible
instances of a variation point. It is a paradigm that systematizes reuse. By adopting SPL
practices, organizations are able to achieve significant improvement in the time-to-

market, cost, efficiency and product quality.

Software product line engineering is generally composed of two engineering processes:

Domain Engineering: In software product line engineering, reusable assets are planned
and formed during domain engineering process. It defines the commonality and the
variability of the applications of the software product line [11]. It includes activities such

as domain analysis and definition etc.



Application Engineering: During application engineering, products are either
automatically or manually assembled, using the assets formed through the domain
engineering process and completed with product-specific artifacts. It includes application

requirements analysis and instantiation of the reference architecture etc.

Fig 2.1 [12] shows the correlation between domain engineering and application
engineering phases. One of the key aspects of product lines is variability and its
management. Variability management is the activity which includes the identification,

designing, implementing, and tracing flexibility in software product lines (SPLS).

development process I Filtering and feedback

[vmmaim [}omain [vmain [hormain
Analysis [Design | mip leme ntation Venfication &
- . Wahdation

t Application
Applhication App heatton Apphication Venfication &
Analy=is Desigmn lmip leme ntntmn-+ Validation

Fig 2.1: Software product line life cycle :domain and application engineering phases [12].

2.2 Aspect Oriented Programming

AOP is a new technology for separating crosscutting concerns into single units known as

aspects. Aspects should have the following properties [13] :

a. Robust (it means modification to one aspect should have a partial impact on other
aspects)
b. Cross-cutting each other (in the target program information concerning one aspect is

mixed with information about other aspects),



c. Systemic (they affect the target program at several different places),
d. Loosely coupled (an aspect must not know the information of other aspects),

e. Contain join points (which are used to join the aspects).

Aspects are behaviors that are tangled and scattered across a system .An aspect is a
modular unit of crosscutting implementation. These are the descriptions of behaviors that
are interwined, and woven throughout. It encapsulates behaviors that influence multiple
classes into reusable modules. Behavior that cannot be encapsulated because of its impact
across the whole system is called crosscutting behavior. AOP provides the capability of
separating several concerns through development, the effects of the crosscuts must be
included back into the solution space. The goal of the separation of concerns is to develop
the conceptual ability of programmers throughout the development so that the end result
at run-time will have crosscutting concerns that are transparent. Separation of concerns is
a generic concept that can be used to decrease software complexity by dividing the
software into modules such that each module is accountable for different general

concerns.

Aspect oriented programming uses abstraction and decomposition in order to break large
problems into manageable sub-problems without losing its nature. In AOP, large
problems are broken down in a different way, using aspectual decomposition rather than
functional decomposition. An important difference between aspects and functional units
is that aspects primarily cross-cut each other and the resulting executable code. Aspects
interfere with other artifacts at so called join points. These are the well defined points in
the structure of an artifact. Point cut expressions quantify over the join points to choose
the set of actual composition points for an exact aspect. An aspect weaver mechanically
composes aspects with the rest of the system, either statically during compilation, or at
load-time or dynamically at runtime [14]. Aspect oriented programming is a promising
paradigm to support improved separation of concerns, leading to the production of
software systems that are easier to sustain and reuse. It is centered on the aspect notion as
an abstraction proposed to modularize such crosscutting concerns and develop the system

maintainability and reusability. Recent research trends suggest using AOP notions and



mechanisms also at an early on stages of software development to reduce development

costs.

2.2.1 Terminology

The typical terminology used in AOP helps us to understand the concepts.

Concern: A concern is defined as those interests belonging to the system and its
operation, or other aspects which are critical or important for one or more stakeholders.

Concern is a feature, a responsibility, or a sub-problem.

Crosscutting Concern: Some concerns can be simply encapsulated within classes or
modules; though others, whose functionality affects several modules, are called
crosscutting concerns and they are difficult to separate. As a result, the elements of

crosscutting concerns are scattered and tangled within elements of other concerns.

For example, we may want to insert logging to classes within the data-access layer and
also to classes in the Ul layer whenever a thread enters or exits a method. Even though
the main functionality of each class is very different, the code needed to achieve the

secondary functionality is often identical [13].

Advice: An advice is defined as the behavior or code that is executed at a join point.

a. Before advice: Runs as a join point is reached, before the program proceeds with the
join point and executes prior to the join point.

b. After advice: Executes following the join point. On a particular join point runs after
the program proceeds with that join point.

c. Around advice: It surrounds the join point’s execution. On a join point runs as the join
point is reached, and has explicit control over whether the program proceeds with the join

point.

It can continue original execution, bypass execution or cause execution with an altered
context. It can cause execution of the join point multiple times. In the given example, this
is the logging code that we wish to relate whenever the thread enters or exits a method
[13].



Aspect: The combination of the point-cut and the advice is termed an aspect. It is the unit
of modularity for crosscutting concerns. In the example, we add a logging aspect to our

application by defining a point-cut and give the correct advice [13].

Point-cut: Declaration that selects join points and collects contexts at that point. It is a
group of join points. In the given example, a point-cut is reached when the thread enters a

method, and another point-cut is reached when the thread exits the method [13].

Composition: Composition is bringing together separately created software elements
[15].

Weaving: Weaving is defined as the process of composing core functionality modules
with aspects, there by yielding an operational system. It tells how to integrate the final
system [13].

Join Point: It places where crosscutting concerns can be woven in. It is a well-defined

point in the program flow. Examples: field access, object creation etc.

2.2.2 Various Examples of AOP
The various examples of AOP are as follows:
Table 2.1: Examples of AOP

e Tracing (determining what methods are e Synchronization
called when) e Verifying correctness
e Session tracking, session expiration e Visualization
e Logging e Special security
management




2.2.3 Major Advantages of using AOP
The major advantages of using AOP are as follows:
Table 2.2: Advantages of AOP

e |t can be used for developing simpler e It provides ease of
and cleaner code which can be reusable maintenance, evolution,
and therefore reduce the redundancy of customization, integration
code o It makes adding

e It provides well defined responsibilities crosscutting  functionality
for individual modules. easier

2.2.4 Disadvantages of using AOP
Although AOP has several advantages it has some disadvantages also as discussed below:

Table 2.3: Disadvantages of AOP

e It is difficult to understand software e It has a complicated control
because of invisibly injected aspects flow breakage
¢ Difficult to change because it have to e There may reduce quality
find all the code involved and be sure to of software if aspects are
change it consistently not appropriately
managed.

2.3 Domain Analysis (DA)

Software development cannot possibly become an engineering discipline if it has not
worked upon a technology for developing products from reusable assets. As a discipline
software reuse must define and promote the managerial, organizational, and technical
standards which are required to achieve this goal [16]. Whether the organizational
structure is domain centered or application centered, it is one of the most important
organizational decisions which is having the greatest impact on reuse operations. In

domain-centered organization, domain-engineering team take decision about the



development of reusable assets and then leaving it to application engineering team to
adjust their design discipline to take the best advantage of available reusable assets. In
application centered organization, the application engineering team assigns development
tasks to the domain engineering team, in order to serve the goals of their application

development activity.

In domain engineering, the activity domain analysis or product line analysis, describes
the common and variable parts within a domain. The term was coined by James
Neighbors in 1980s Domain analysis is the first phase of domain engineering. It is a key
method for realizing systematic software reuse [17].

The key to reusable software in domain analysis is that it focuses on the reusability of
analysis and design, not code. In simple words, domain analysis is similar as systems
analysis but instead of being applied on a single system it is made for multiple systems

related to each other.

Domain analysis is done by reengineering techniques and domain analysis methods.
Domain analysis is the method of identifying, collecting, organizing and representing the
relevant information in a domain which is based upon the study of existing systems and
their development histories, knowledge captured from domain experts and emerging

technology within a domain.

One of the objectives of domain analysis is to make all that information readily available
for reuse. In making a reusability decision, that is, to decide whether or not to reuse a
component, a software engineer has to understand the context, which prompted the
original designer to build the component the way it is. The chain of design decisions used
in the development process is absent in the source code. By making this development

information available, reuse becomes more effective.

A domain analysis is the system engineering of a family of systems in an application
domain. The last goal of a domain analysis is to build and maintain a reuse library asset

which is used to develop instances of systems in the domain family.
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Domain analysis research should try to reuse existing research from other disciplines. To
make reuse possible, software engineering is divided into two parts: domain engineering
to find and implement the common features and application engineering to produce the
individual applications. Domain engineering is then divided into three phases: domain
analysis, domain design, and domain implementation. All the products of the domain
analysis activities are reusable in future system developments in the family, and also in

the analysis of related domains.
2.3.1 Definition of Domain Analysis

It is the analysis of systems within a domain to discover commonalities and differences
among them and in which a reusable software architecture and reusable code are defined.
It is the process of identifying, organizing and representing the relevant information of a

domain.

2.3.2 Domain analysis as the Foundation for Reusability
Domain analysis is the systems engineering of a family of systems in an application
domain through development and application of reusable assets.

The domain analysis must be focused to address a family of systems in a particular
application domain. The more definitive these families of systems can be defined, the
more focused and precise the domain analysis activity can be. In fact, domain analysis is

a system engineering activity [18].

Reusability is the central concept of domain analysis. Thus, the conclusion of a domain
analysis activity is to develop a reuse library asset that will be used in the implementation
of system instances in the domain family. These assets in the library will comprise of
software components and generators, documentation, interface specifications, test plans,
procedures and data. In addition, the domain model and the generic architecture are

themselves valuable reusable assets.

2.3.3 Domain Analysis Methods
By means of domain analysis methods, a more general perception of domain analysis is
taken by looking at the existing methodologies to analyze a domain. In general a domain

analysis method can be characterized by the process (steps to conduct the analysis), the
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product (usually domain models), and supporting tools. There are a number of domain
analysis methods but nobody has ever tried to categorize them. Although some authors

have compared different methods according to different criteria.

A domain analysis method should have two things [19]:
a. A domain theory, along with an anatomy of this theory both of which will appear in
domain model.

b. A process, which, if strictly held, will allow construction of the generic domain model.

The series of steps to be described in the process will be clearly influenced by the type of
the domain model. The question is, however, what should be the domain model state;
domain model should set out the information required (now and in the future) to allow
reuse in the domain. Traditionally, it has been acknowledged that the information involved

for modelling consisted of identifying entities, operations, events and relationships in the domain.

However, if DA is applied to other software elements, apart from software products
(architectures, code, etc.), the modelling and the way models are built will have to be
changed. It means that both the domain model and the model construction process will be

very much influenced by the type of element to be reused.

2.3.4 Classification of Domain Analysis Methods
Accordingly, there are following types of DA methods:
a) DA methods for software product reuse
b) DA methods for software process reuse
¢) DA methods for software technology reuse
d) DA methods for software experience reuse

2.3.5 Purpose of all Domain Analysis Methods is:
a) Improve reusable elements
b) Populate libraries of reusable elements
c) Integrate DA into the software process
d) Decrease adaptation costs

e) Construct reusable elements

2.3.6 Existing Domain Analysis Methods are:
a) Feature Oriented Domain Analysis Method(FODA)

12



b) Joint Object Oriented Domain Analysis (JODA)
c) Organizational Domain Modelling (ODM)

d) Domain Specific Software Architecture(DSSA)
e) Domain Analysis and Design Process(DADP)

2.4 Domain Analysis Methods

2.4.1 Feature Oriented Domain Analysis Method (FODA)

The feature-oriented domain analysis method (FODA) was developed at the Software
Engineering Institute. It is a domain analysis method which mainly focuses on the
“features” of the domain systems. Application in a domain gives many capabilities. These
capabilities are modeled in FODA as features. In order to model these features, FODA

defines a method for domain analysis which is based on three activities:

a. Context Analysis: The context analysis activity defines the scope of the domain with
the objective of scoping the domain under investigation [20].It identifies the relationship
between the application in the domain and the elements that are external to the domain.
Context analysis is used to define the inputs and outputs to and from the domain. The
results from context analysis are the context diagram and structure diagrams. Context
diagrams communicate the domain to the environment, while structure diagrams

communicate the domain to other domains, which could be part of the original domain.

b. Domain Modeling: The domain modeling process classifies commonalties and
variabilities that characterize the applications within the domain, by modeling the
functions, data and relationship between applications in the domain. It describes the
problem space in the domain that is addressed by software. Domain modeling is

composed of following steps:

Information analysis: An informational model describes the applications in terms of

entities and their relationship.

Feature analysis: A feature model describes what the applications do in terms of

operations.
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Operational analysis: It describes the control and data flow in the application domain
and the relations between the objects in the informational model and the features of the

feature model.

c. Architecture Modeling: Architecture modeling defines a framework for constructing
applications in the domain. It identifies concurrent processes and common assets. It also

allocates features, function and data objects to the processes and assets.

2.4.2 Joint Object Oriented Domain Analysis (JODA)

The Joint Object Oriented Domain Analysis method advocates the idea that software
objects are more understandable and customizable than traditional functions and
subroutines [1]. The Joint Integrated Avionics Working Group (JIAWG) reuse
subcommittee developed JODA. JODA consists of three phases:

a. Preparing the Domain: It is concerned with collecting information about the domain
under consideration either by interviewing domain experts or by reengineering existing
system. It also includes investigating the stability and maturity of technologies in the

domain and their anticipated future [1].

b. Domain Scoping: It includes definition of the domain services, dependencies, and the

development of whole part, subject, and inheritance diagrams [1].

c. Modeling the Domain: The last phase in JODA is modeling the domain by defining
the object life histories and state event response, investigating operation scenarios,

packaging and grouping reusable objects.

2.4.3 Domain Specific Software Architecture (DSSA)

The DSSA domain models are developed by DARPA for command and control
applications [21]. It is more concerned in identifying the models to be created rather than
the analysis process. A domain-specific software architecture (DSSA) is the architecture
for a specific domain. However, it should be common enough to support a number of

applications of the domain .There are five stages in domain specific software architecture.

a. Domain Model: Defines what can be accomplished-emphasize is on user needs. The
DSSA Domain Model corresponds to the concept model (i.e. information model in
FODA) rather than a full domain model.
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b. Reference Requirements: The DSSA Reference Requirements are corresponding to
the feature model in FODA. The DSSA Reference Requirements include both functional

and non-functional requirements. It emphasizes on problem space.

c. Reference Architecture: DSSA Reference Architecture is architecture for a family of
systems including mainly of an architecture model, configuration decision tree, design
record (i.e. description of the components), and constraints and rationale. It emphasizes

on solution space.

d. Function and Domain Models: Function and dynamic model illustrate the functional
process in a method similar to the structured analysis diagram. It includes data flow
diagram and control flow diagram. These models offer a hierarchical decomposition of

the domain functionality.

e. Object Models: Object model are created using the object modeling technique. These
models consist of class diagrams containing class attributes, class methods and

generalization and association relationship.

2.4.4 Domain Analysis and Design Process (DADP)

Defense Information System Agency (DISA) developed the Domain Analysis and Design
Process. The DADP method takes a problem or solution space approach. The analysis aspect of
DADRP is concerned with identifying and defining problems within a group of related system in
the domain. The design aspect of DADP is concerned with the development of domain-specific

solutions in terms of architecture and reusable assets [5]. DADP consist of four phases:

a. ldentifying the Domain: The outcome of this step is a set of business models,
definition of system capabilities, domain models, and definitions of external interfaces,
knowledge reuse opportunities, groups of systems sharing same capabilities, and some

descriptions and documentation of current systems and anticipated systems.

b. Scoping the Domain: The domain is scoped with more than three systems in mind. In
this phase, the domain analyst also identifies opportunities for reuse among systems in
the same domain and reuse across other domains. The domain knowledge and team

experiences are also documented.
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c. Analyzing the Domain: This step involves analyzing the problem space information.
Commonalities and common objects adaptation requirements are identified. Domain

models are constructed and verified.

d. Designing the Domain: At this step, the solution space is addressed by providing

solution in terms of common designs and implementations of domain objects [22].
2.5 Feature Model

Feature models are modeling details, used in the context of domain analysis, which
considers features as the source for analyzing and describing commonalities and
variabilities of systems within a domain [23, 24, 25]. Feature modeling is defined as a
mechanism to manage variability in a system family. A feature is an attribute or
quality of a system which is of interest to a stakeholder and each feature represents a
common or variable aspect of a product. A feature model represents the typical features
of a family of products in the domain and relationships between them. i.e., tree-like
structures consist of nodes that represent features of modeled SPL and their
interrelationships. It describes the decomposition of features into sub-features in a
hierarchical manner. For each sub-feature below a certain feature it can be specified if it
is mandatory, alternative or optional. There are four types of features in feature modeling:

mandatory, optional, alternative and or [26].

A mandatory feature have to be integrated in every member of a product line family, if its
parent feature is included; optional features characterize choices to choose from,
depending on requirements for a particular product. In case of alternative feature, exactly
one feature from a set of alternative(XOR) features must be included ,if a parent of the
set is included, an (or) feature describes a group of features from which at least one of the
features must be included in a product line family. Commonalities between the software
product lines are modeled as common features which are named as mandatory features.
Variabilities are modeled as variable features which are classified as ‘“‘alternative

29 <¢

features”, “or features” or “optional features”.

At last, feature models also include feature relationships that cannot be captured with a

tree structure. Such relationships are called integrity constraints [27]. These constraints
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are includes and excludes constraints. An includes constraint specify a relationship
between two features that ensures that one feature is chosen when another one is. The
excludes integrity constraint specifies a relationship between two features that ensures

that one feature is not chosen when another one is.
2.6 Language Extended Lexicon

The Language Extended Lexicon (LEL) was originally created for requirements
modeling and is an appropriate model so as to capture the language of a domain in order
to identify and define the symbols of that situation, to accomplish an improved
understanding of it. The language extended lexicon is an illustration of the symbols in the
language. The principle of the language extended lexicon (LEL) is to confine the
vocabulary used in the universe of discourse (UofD) [28]: “Universe of discourse is the
general perspective where the software should be developed and operated. The universe
of discourse includes all the sources of information and all recognized people connected
to the software”. The LEL aims at registering significant vocabulary in the universe of
discourse (UofD). Natural language is the only notation that is commonly readable and
understandable by the stakeholders, thus encouraging them to participate dynamically in
first steps of software development. Moreover, it eases and encourages stakeholders'
contribution. They present an attractive means of communication between the
clients/users LEL registers the vocabulary of a given Universe of Discourse. The LEL is
anchored to an easy idea: the focus of the LEL is on the language, rather than the details
of the problem. As such, lexicon acquisition focuses on the language and not on the
problem. Its focus is on the application domain language, rather than the details of the
problem. Each entry in the LEL has a name and is composed of notions and behavioral
responses. The notions should aim to capture the meaning of the symbol and its
relationships with other entries. The behavioral responses state the results, which come

from the use of this symbol in UofD, or any effect caused by another symbol to this one.

When describing symbols in the LEL, two principles must be followed: The circularity
principle prescribes the maximization of the practice of LEL symbols when describing
LEL entries, whereas the minimal vocabulary principle prescribes the minimization of the

practice of symbols exterior to LEL when describing these symbols. LEL symbols may
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be classified according to its common use in the UofD. One option is to classify each
entry in the LEL as a subject (active entity, usually an organization or person that

represents significant behavior), an object (passive entity), a verb phrase or a state [29].

Object
Notion: It defines the object and identifies additional objects with which the object has a
relationship.

Behavioral response: It describes the actions that might be applied to the object.

Subject
Notion: It defines who the subject is.

Behavioral response: It registers actions executed by the subject.

State
Notion: It describes what it means and the actions which might triggered the state.
Behavioral response: It describes other situations and actions related to it.

Verb phrase

Notion: It describes who executes the action, procedures involved in the action and when
it happens.

Behavioral response: It describes the constraints on the occurrence of the action,
identifies the action triggered in the environment and new situations that occur as the

consequence.

The above definitions suggest what to include in the notion and behavioral response of a

symbol according to what the symbol is define.
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Chapter 3

Problem Statements

3.1 Problem Statement 1

Some programming tasks cannot be neatly encapsulated in objects or the behavior that
doesn't fit into a single module but must be scattered throughout the code called “Code

Tangling”. The problem is to handle code tangling.
3.2 Problem Statement 2

There are a number of domain analysis methods. All of these support different quality
attributes .All the methods support reusability. The advantage of JODA method is that
software objects are more understandable and customizable than traditional functions and
subroutines [1] while DADP method corrects much of the vagueness in the process of
STARS, particularly in domain model construction and definition [1]. There is a need to
check which quality attributes are supported by JODA and DADP.

3.3 Problem Statement 3

Feature models are modelling details, used in the context of domain analysis, which
considers features as the source for analyzing and describing commonalities and
variabilities of systems within a domain [23, 24, 25]. A feature model is not simply
comprehensible to stakeholders. This is mainly inconvenient for interaction with
stakeholders during the first stages of software development. For this explanation, natural
language is still broadly used to model requirements information. The language extended
lexicon (LEL) was originally created for requirements modeling and is an appropriate
model to capture the language of a domain in order to identify and define the symbols of
that situation, to accomplish an improved understanding of it. To obtain design level of a
system there is need to identify steps to transform LEL symbols to UML diagram. There
is need to identify reuse in the transformation process from natural language LEL to

UML diagrams in feature models.
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Chapter 4

Proposed Solutions

4.1 Solution 1: Role of Aspect Oriented Programming in Software

Product Line

4.1.1 Why Aspect Oriented Programming (AOP)

Software product lines signify a successful approach to software reuse. Instead of
motivated for general component reusability, every product lines targets a specific
domain. Reusability is achieved by separating common features from variable features
and projecting this along the design and implementation lines. Preferably, an exact
application is developed by configuring the product line, by selecting variable features to
be included. Furthermore, the new artifacts may be incorporated into the product line,
too. The requirements of a software system includes functional requirements (e.g. data
query etc) as well as non-functional requirements (e.g. performance etc). Non-functional
requirements are likely to cut across functional requirements. Some concerns cannot be
tidily separated and hence, they are scattered across numerous modules in the software
system. Such concerns are referred as crosscutting concerns because they are realized by
fragments of code that allow identical behavior across several modules. Maintaining a
crosscutting concern is a way of modifying each fragment of the scattered code realizing
that concern. The application developer frequently programs this part in the interiority of
components, which leads to the development efficiency reduction and is simple to cause
code-tangling and code-scattering [30]. The fact that multiple concerns from one
dimension are realized by one concern of another dimension is called tangling while
scattering means that a concern of one dimension is realized by multiple concerns of
another dimension [33]. This increasing the coding time, error proneness, and the
maintenance cost. Ideally, the modular structure of the core and variable features of a
SPL must not be submitted in the presence of change requests. The inefficacy of the
variability mechanisms to hold changes might guide to several undesirable consequences

associated to the product line stability, including invasive wide changes, significant ripple
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effects. On the other hand, in despite of introducing crosscutting to implement the
separation of components and aspects, the interaction between them is puzzled. It brings
difficulties to the software reuse. Development of product lines is a complex process. As
in any software development, this is in part due to crosscutting concerns. This is mainly
obvious in the product line configuration in which features that signify crosscutting
concerns cannot be easily included nor taken out once they have been included. AOP is
aimed at sustaining the encapsulation of crosscutting features into new modular units -
the aspects - all the way through new composition mechanisms. The goal is to make the

variation of crosscutting features more modular and evolvable.

Aspect-oriented techniques redound to improving the design level of software, the
implementation of separation of concerns and the reusability of components. Separation
of concerns is at the heart of software development. It will help to enhance understanding
of the software system and strengthen the adaptability, maintainability and reusability of
the final software [31].The primary idea of AOP is to encapsulate the crosscutting
behavior into modular units known as aspects. These units are composed of advices that
realize the crosscutting behavior, and point-cut descriptors, which assign the points in the
program where the advices are included. Aspect-oriented techniques allow the handling
of crosscutting, improve the software reuse and remove the code-tangling and code-
scattering. The significant features provided by aspect-oriented languages were meant to
enable developers to encapsulate tangled code in a very flexible way, hence improving
maintainability of the system by allowing developers to modify single units instead of

scattered code fragments.

4.1.2 Commonalities between SPL and AOP

The commonalities between SPL and AOP are as follows:

a. Software variability impacts a software system in a related method as crosscutting
concerns do. In this way, we have a connection between aspects (crosscutting concerns)
and variability. Both aspects and variability are orthogonal concepts which are
independent of the core system (commonality /core concerns) and can freely be joint with
it.
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Fig 4.1: Commonalities between SPL and AOP

b. Moreover, software variability may impact software commonalities as well as other
software variability’s. In the same way, crosscutting concerns (aspects) may impact non-
crosscutting ones

as well as other crosscutting concerns. As a result, aspect-oriented techniques can also be
used for modelling the variable and the common concerns in a software product line
individually.

c. Software commonalities execute like non-crosscutting concerns. In this way, we have a
connection between commonality and core concerns.

d. Software Variation points in software are the locations in features (common features)
where other features can be added (variable features) to construct the various products. In
the same way, joint points in AOP are the places where crosscutting concerns can be

woven in. In this way, we have a connection between variation point and joint point.

Fig 4.1 represents the commonalities between SPL and AOP.
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4.2 Solution 2: Quality Attributes in Domain Analysis

4.2.1 ATM Case Study

ATM machine is a computer. It has a small display and a control panel like a keyboard
for input. It runs a program that is usually written by the bank. The program by banks
usually follow a pattern. Most banks start by asking for the language. Then it asks you to
insert your card. This card has a magnetic strip on the back that it reads information about
your bank account .It uses this information to look up your information and decide what
to do next. Usually this is followed by entering your password by you. After that, it's up

to the program to decide what to do next.

4.2.2 Joint Object Oriented Domain Analysis (JODA) for ATM

a. Preparing the Domain

The actors of the ATM case study identified are user, ATM machine, bank. The functions
(use-cases) of the ATM system are: login; get balance information; withdraw cash;
transfer funds; deposit cash. The following constraints are identified while investigating
the stability and maturity of technologies in the domain of ATM are ATM PIN
encryption should be triple DBS and DSS compliant, PIN blocks should never be stored
in ATM log files, personal account number (PAN) should be truncated and protected in
ATM logs, secure remote access controls must be established for all ATMs and antivirus

and malware detection system should be installed, updated and tested frequently.

b. Domain Scoping Application Engineering

Features(Services) identified for ATM system are deposit cash or cheques into your
accounts, transfer funds between your own accounts, check your balance, change your
PIN, view transactional history, order statements/cheque books,send in other instructions
to the bank via the mail deposit system, make payments to other same bank customers.
ATM card also be used against your foreign currency accounts. With this card, you can

withdraw cash from your accounts at 500,000 ATMs worldwide.
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Fig 4.2: Class diagram of ATM [22]

To identify the dependencies, inheritance and whole part relationships, the class diagram

is drawn as shown in Fig 4.2.The above diagram supports cohesion and coupling.

c. Modelling the Domain

The object diagram also supports cohesion and coupling. The objects identified are
shown in object diagram in Fig 4.3 below. The operations scenarios are shown as state
chart diagram in Fig 4.4.

A customer can perform many transactions while at an ATM. A possible number of
transactions a customer might perform at a single visit to an ATM are: Deposit money
into a checking account, transfer funds from a checking to a savings account, withdraw

money from checking and print balance.

24



Consortium [Bank 5] Bank 9% 2laccount |22 {Customer |
.

Concerns
Owns Ouns Employs Accosses -
Owns Concerns
Central |Communicates | Bank -
computer | m#  *lcomputer [Cashier
Enlered
Communicales b
with y
» " » .
Communicates Cashier | Enteredon | Cashier
mth station transaction
: Enterad ov Remote |- Cash |
& i » S
[AT"' ] | transaction |* Authorized card |

by

Fig 4.3: Object diagram of ATM [34]

At least four occasions require access to the customer’s balance. So the point for code reusability
has been identified during domain analysis. You can write a function that contains the logic and
structures to handle the access to the customer’s balance and then reuse that function when

needed. Code reusability saves programming time immediately and for changes, if any in future.
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Fig 4.4: State Chart diagram of ATM [34]

25



4.2.3 Domain Analysis and Design Process for ATM

a. ldentifying the Domain

The actors of the ATM system identified are User, ATM machine and bank. The
functions (use-cases) of the ATM system are login, get balance information; withdraw
cash; transfer funds and deposit cash. In Fig. 4.5, the use case diagram of ATM is shown.

System capabilities of ATM system identified are : Deposit cash or cheques into your
accounts, transfer funds between your own accounts, check your balance, change your
PIN, view transactional history, order statements/cheque books, send in other instructions
to the bank via the mail deposit system and make payments to other same bank
customers.

2 ) \
) e— —— *\9
N e DEPOSIT CASH = .
| B <
Client \\ o / Bank
2 h\ ,///. &
< = o
N ACCOUNTS )z

N >
\ /

GET ACCOUNT
BALANCE

Fig 4.5: Use Case diagram of ATM

ATM card also be used against your foreign currency accounts. With this card, you can

withdraw cash from your accounts at 500,000 ATMs worldwide.

External interface of ATM identified are

User Interfaces: The interface of the ATM must fulfill ergonomic requirements.
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Hardware Interfaces: The ATM network has to provide hardware interfaces to various
printers, various ATM machines and several types of networks.

Software Interfaces: The ATM network has to provide software interfaces to the
software used by different banks and different network software.

Communication Interfaces: There is no restriction of the ATM network to a specific

network protocol as long as the performance requirements are satisfied.

b. Scoping the Domain
In this phase, the domain analyst also identifies opportunities for reuse among systems in
the same domain and reuse across other domains. The domain knowledge and team

experiences are also documented.

c. Analyzing the Domain
The problems identified for ATM system are [8]: Transactional secrecy and integrity,
customer security, bank on our security, device operation integrity, increased availability,

accelerated speed to market and customer identity integrity.

There have also been a number of incidents of fraud by man-in-the-middle attacks, where
criminals have attached fake keypads or card readers to existing machines. These have
then been used to record customers' PINs and bank card information in order to gain

unauthorized access to their accounts.

There are many possible errors in the system. These errors may be mechanical (such as
card transport mechanisms, keypads, hard disk failures, envelope deposit mechanisms),
software (such as OS, device driver; application), communications, or purely due the

operator errors.

The Commonalities identified are:
User interface are: A screen to displays messages, a keypad for numeric input, a cash

dispenser, a deposit slot.

ATM session includes: Display a welcome message and prompt the user to enter an
account number, the user enters a five-digit account number, using the keypad, the screen
prompts the user to enter the PIN, the user enters a five-digit PIN, using the keypad, if the

user enters a valid account number and the correct PIN for that account, the screen
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displays the main menu and if the user enters an invalid account number or an incorrect
PIN, the screen displays an appropriate message, then the ATM returns to Step 1 to
restart the authentication process.

ATM Main menu includes: View my balance, withdraw cash and deposit funds.

d. Designing the Domain
At this step, the solution space is addressed by providing solution in terms of common

designs and implementations of domain objects [22].

Transactional secrecy and integrity: The security of ATM transactions relies mostly on
the integrity of the secure processor which may use encryption of personal information,
using digital encryption scheme (DES) or remote key loading techniques. Message
authentication code (MAC) or partial MAC may also be used to ensure messages have
not been tampered with while in transit between the ATM and the financial network.

Customer identity integrity: ATM manufacturers have put in place counter measures to
protect the equipment they manufacture from threats. Alternate methods to verify
cardholder identities such as finger and palm vein patterns, iris, and facial recognition
technologies have been deployed in some countries.

Device operation integrity: Openings on the customer-side of ATMs are often covered
by mechanical shutters to prevent tampering with the mechanisms when they are not in
use. Alarm sensors are placed inside the ATM and in ATM servicing areas to alert their
operators when doors have been opened by unauthorized personnel.

Customer security: Security cameras can be placed at the cabin where ATM machine is

placed or security guards can be deputed at ATM machine cabins.

Reliability: When an ATM is placed in a public place, it typically has undergone
extensive testing with both test money and the backend computer systems that allow it to

perform transaction.

Card fraud: In an attempt to prevent criminals from shoulder surfing the customer's

PINs, some banks draw privacy areas on the floor.

Increase Availability: Software diagnoses and fixes problems at the terminal level.

Minimize downtime and lower costs.
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Accelerate Speed to Market: A rich set of built-in business functions and an application
based on the fundamentals of self-service best practices means integration in weeks not

months and deployment of new features in hours, not days.

Bank on Our Security: Use advanced lockdown systems to protect customer data and

built-in package signing to block rogue applications.

4.3 Solution 3: Transformation from LEL to UML Diagrams

4.3.1 The Transformation Process from LEL Symbols to UML Class Diagram

In this section we describe a transformation process to derive a UML class diagram from
a natural language oriented requirements models (LEL). The process starts from well-
known natural language requirements models, the Language Extended Lexicon (LEL)
Model, which explains the vocabulary in a Universe of Discourse (UofD). The process
consists in the application of a set of transformation rules to derive classes, attributes,
methods and relationships taking into account the structure and semantic of LEL. The
LEL symbols are used as source and defines the classes, attributes, methods and
relationships in the derivation of the UML class diagram. The process consists of a set of
steps that transform natural language oriented models (LEL) to a UML class diagram
[35].

The Transformation Rules

Rule 1: Transformation of subject to class

a. Each LEL subject becomes a UML class.

b. For each entry in the notion of this LEL symbol that does not contain a LEL, the

transformation identifies each noun and defines them as attributes.

One of the major problems of this transformation is that it misses noun groups. As the
current implementation only detects separate nouns, every noun is a possible attribute,
thus generating more and sometimes inappropriate attributes. Thorough noun groups

detection may be included following various linguistic approaches.

Rule 2: Transformation of object to class
a. Each LEL object becomes a UML class.
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b. For each entry in the notion of this LEL symbol that does not contain a LEL symbol,
the transformation identifies each noun and defines them as attribute.

c. Methods to access and modify each attribute are defined by adding SET and GET
prefixes for each attribute.

Rule 3: Transformation of subject behavioral response to method
a. Each entry in the behavioral response of a LEL subject that was modelled as a class by

Rule 1 becomes a method of this class.

Rule 4: Transformation of subject information to method parameter

a. Each scenario comes from an entry in the behavioral response of a LEL subject that
was modelled as a UML class.

b. The rule models actors and resources of each scenario as parameters of the method
obtained by Rule 3 from the entry in the behavioral response that originated the scenario.

The actor referring to the subject LEL symbol in consideration is excluded.

Rule 5: Transformation of LEL relationships to class relationships

This transformation applies to subject as well as object LEL symbols

a. The entries in the notion of each symbol in the LEL (called L1) modelled as a class is
analyzed in order to detect other symbols in the LEL modelled as classes.

b. For every detected LEL symbol (L2), this rule defines a relationship between the
corresponding classes, analyzing the verb involved to determine the type of relationship,
taking into account the following issues:

Inheritance relationships: L1 and L2 have the same classification (object or subject).
As well, L1 appears in one of the entries of the notion of L2. The concerned entries of L1
and L2 contain, in a complementary way, two kinds of verbs [36]: bottom-up verbs (is a,
is a type of, is a class of) or top-down verbs (is, may be, may be classified as, classifies
as). The rule does not consider if the methods of the subclasses are refinements of the
corresponding superclass methods. The software engineer is the one who must take the

appropriate decision depending on the semantic of every case.

Aggregation relationships: In the entries of the notion of the LEL symbol considered as

container, verbs of the type "component_composition_verb" must show[36]: "to consist /
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to contain / to include / to form, to compose, to divide" (these three last in passive
voice).In the entries of the notion of the “component” symbol, verbs of the type
content_composition_verb must appear [36]. Since it is not likely to automatically
distinguish between an aggregation or a composition relationship, the transformation rule

defines the relationship as an aggregation.

Association relationships: Any relationship between LEL symbols that does not
represent a relationship of the previous types represents an association. The verb in the
entry of the notion (classified as general verb in [36]) is taken as the name of the

association.

It is important to mention that this strategy must be complemented with the participation
of software engineers who will adjust the results obtained after the application of the

transformation rules.

4.3.2 The Transformation Process from Class Diagram to Object Diagram

In this section we describe a transformation process to derive object diagram from class
diagram. Object diagrams represent an instance of a class diagram. The elements in class
diagram are in abstract form which represents the blue print and the elements in object
diagram are in concrete form which represents the real world object. The UML class
diagram is used as source and creates and name the instance of each class in the
derivation of the object diagram. The process consists of a set of steps that apply

transformation rules to UML class diagram to define object diagram.
Transformation rules

Rule 1: Create an instance of each class used in the class diagram and name the instance.

Rule 2: In the object diagram refer the object as instancename:classname

Rule 3: Assign values to each of the attribute of the object corresponding to the definition

in the class.
Rule 4: Create an object corresponding to each class in the class diagram.

Rule 5: The relationship between the objects in the object diagram is same as the

corresponding relationship in the classes in the class diagram.
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The transformation process from LEL to UML diagrams is verified by using six case
studies. These case studies are as follows: Admission process, online transaction system,

ATM, online dairy farm, online book shop and online potato collection company.

4.3.3 Case Study of the Admission Process

Admission process describes software systems which enable organizations to do
admissions over the Internet. They must be able to deal with a large number of students,
and coordinate multiple resources to deliver the services to the students. This process
enables admissions of students where organizations provide services to an individual.

This is done through an admission process web site.

Feature Model of the Admission Process

The relationship between the student registration and entering data features is a
mandatory feature; the relationship between course details and duration features is an
optional feature. The set consisting of the manual and automatic features - fraud detection
in an admission process application can be either manual or automatic, but not both as it
is an alternative feature; the group consisting of the credit card, debit card, and money
order features - to enable users to pay for selected courses, at least one payment method
must be selected as it is an (or) feature. These features are organized into a feature model
as Fig 4.6 shows a feature diagram of an admission process that represents all possible
services of admission process. An admission process typically consists of three parts, one
dedicated to the interface that the student uses for registering and one dedicated to the
interface that the student uses for browsing the course catalog and one concerned with
administration/back office operations. The student registration enables the entering data
and entering personal information. During the process of entering data, users specify their
passwords. The password sub-tree on the left hand side specifies that each admission
process application has their own user password specification and expiration policy. A
user password specification policy includes the use of lower case (L. Case) and upper
case (U. Case) characters as well as digits. A user password may never expire, or the
expiry may be specified in days. During the process of entering personal information it

includes fill student admission form. Further fill student admission form might mandate
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Fig 4.6: Feature model of admission process

the use of details collection and acceptance. During details collection it mandate the use
of name, age, qualification, address and courses opted for. An address might mandate the
use of door no., street name and city.

During the process of browse course catalog, it enables the course name, course details,
course credit and selection of course. The course details sub-tree on the left hand side
specifies that each course has their own fees and duration. The selection of course
enables register selected course which further enables approve registered course. The
approve registered course might mandate the use of pay bill for registered course. In
addition, the pay bill for registered course allows for different payment methods and
fraud detections. Administration/back office operations for this admission process are
operations of manage student information of the admission process effectiveness,

modification of timetable and courses (modify timetable/courses), submit grades and
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password. The latter consists of managing information in the administration/back office
such as product data (Content Management) and managing operational concerns of the
admission process such as site search and domain name setup (Store Administration).
Each administrator/back office of an admission process must have their own password as
specified by the Password sub-tree on the right hand side. A password policy for
administrating an admission process application includes the use of lower case (L. Case)
and upper case (U. Case) characters as well as Digits and a password may Never expire,
or the expiry may be specified. In the feature model in Fig 4.6, an includes constraints
exist between the student registration and the browse course catalog features. An
excludes integrity constraint exists between the Credit Card and the Manual features.
Introducing semantics to the feature model of a system is suggested through natural
language LEL specifications. These specifications explain constraints and preconditions,

also allowing to specify relations for features.

The features customer registration, payment, fraud detection, manual, automatic, method,
credit, debit and money order of case study online transaction system are reused in this
case study. The relationship between student registration and pay bill for registered
course in admission process is similar to the relationship between customer registration

and payment in online transaction system.

Language Extended Lexicon Symbols for the Admission Process

A feature model is not simply comprehensible to stakeholders. This is mainly
inconvenient when interaction with stakeholders during the first stages of software
development. For this explanation, natural language is still broadly used to model
requirements information. The entire elements of the model must pursue the same
vocabulary as used in the lexicon. The words that are highlighted are signs of the LEL,
used in accordance with the principle of circularity. LEL symbols, taken from the LEL of
the admission process case study are given below, dotted line represents that many more

can be included to it:
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Admission process (Subject)

Table 4.1.1: Admission process LEL symbol

Notion

Behavioral Response

It is a software system for the admission of
students.

It is composed of registration, browse course
catalog and administration/back office.

It has a starting date.

It has an application form.

It has an approximated period of duration in days.

It may have one or more employee.

e It may include special

characters with them.

e It may enable student

registration.

e It may enable browse

course catalog.

o |t may enable

administration/back

office.

Student registration (Subject)
Table 4.1.2: Student registration LEL symbol

Notion

Behavioral Response

It is the process for the registration of student.

It contains entering data and entering personal
information.

It is a component of admission process.

It has one or more employee.

It has a form.

It has identification for students.

e It registers the student.

e It may enter personal

information of student.

e It may enter data.
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Browse course catalog (Subject)

Table 4.1.3: Browse course catalog LEL symbol

Notion

Behavioral Response

It is the process of browsing course catalog by a
student

It is a component of admission process.

It is composed of course name, course details,
course credit and selection of course.

It has a list.

It can search according to author.

It can search according to version number.

It may enable course
details.

It may enable list of course
name.

It may enable list of course

credits.

Administration/back office (Subject)
Table 4.1.4: Administration/back office LEL symbol

Notion

Behavioral Response

It is the interface that administrator uses to access
admission process.

It is a component of the admission process.

It is composed of manage student information,
modify timetable/courses, submit grades and
password.

It may have one or more employee.

It has a unique identification.

It manages student
information.

It modifies
timetable/courses.

It submits grades of
student.

It manages password.

Entering data (Verb)

Table 4.1.5: Entering data LEL symbol

Notion

Behavioral Response

It is the process of entering data of a student.
Performed by students.

It contains password.

It accepts the entered
data.

It manages the password

36




Password (Object)

Table 4.1.6: Password LEL symbol

Notion

Behavioral Response

It is the process of providing security to the data
entered by the student.

It is a component of entering data.

It contains specify and expiration.

It has a size.

It has unique identification.

It has an approximated period of duration in days.

e It provides authorization to

student to access data
related to password.
e It determines expiration.

e It maintains specify.

Specify (Verb)

Table 4.1.7: Specify LEL symbol

Notion

Behavioral Response

It is the process of specifying password.
It is composed of lower case, upper case and
digit.

Performed by students.

e It manages the type of
password.

e Password is selected.

Lower case (Object)

Table 4.1.8: Lower case LEL symbol

Notion

Behavioral Response

It defines that the password is specify in lower
case.
It has small alphabet.

It may have size.

e It may include special

characters with them.
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Upper case (Object)

Table 4.1.9: Upper case LEL symbol

Notion

Behavioral Response

e It has capital alphabet.
o It defines that the password is specify in upper
case.

e It may have size.

e It may include special

characters with them.

Digit (Object)

Table 4.1.10: Digit LEL symbol

Notion

Behavioral Response

e |t has number.

e |t defines that the password is specify in digits.

e It may not have repetition
of digits.

Expiration (Verb)

Table 4.1.11: Expiration LEL symbol

Notion

Behavioral Response

e Itis the process of expiration of password.
e |tis composed of never and in days.

e Performed by students.

e It may never expire.
e Password may expire in

days.

Never (Object)

Table 4.1.12: Never LEL symbol

Notion

Behavioral Response

e It defines that password may never expires.

e It may not have any fixed

duration.
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In days (Object)

Table 4.1.13: In days LEL symbol

Notion

Behavioral Response

e |t defines that password may expires in days.
e It has number of days.
e It may be a week.

e |t has a starting date.

e It may provide some fix

days.

Entering personal information (Verb)

Table 4.1.14: Entering personal information LEL symbol

Notion

Behavioral Response

e |t is the process of entering personal information
of students.
e Performed by the student.

e Itis composed of fill student admission form.

e It may fill student
admission form.

e It accepts the entered
personal information by

student.

Fill student admission form (Verb)

Table 4.1.15: Fill student admission form LEL symbol

Notion

Behavioral Response

e Itis the process of filling student admission form.
e Performed by student.

e It contains details collection and acceptance.

e It may accept student
admission form.

e It gives details collection.
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Collect details (Subject)

Table 4.1.16: Collect details LEL symbol

Notion

Behavioral Response

e Itisthe process of collecting student details.

e |t contains name, age, qualification, address and student.

courses opted for.

e Itis a component of fill student admission form.

e It provides the details

of

Name (Subject)

Table 4.1.17: Name LEL symbol

Notion

Behavioral Response

e It is the name of student.
e |t is a component of details collection.
e |t has assigned a unique identification.

e It has assigned a unique roll no.

e |t provides the details of

student name.

Age (Object)

Table 4.1.18: Age LEL symbol

Notion

Behavioral Response

e It defines the age of student.
e Itis a component of details collection.
e It may be in years.

e It may be calculated in days.

e It may have age relaxation

for students.

Qualification (Object)

Table 4.1.19: Quialification LEL symbol

Notion

Behavioral Response

o It defines the qualification of student.
e Itis acomponent of details collection.
e It has adegree.

e It may be in years.

e It is the eligibility of a

student to get admission.
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Address (Object)

Table 4.1.20: Address LEL symbol

Notion

Behavioral Response

It is where the student address is given.

It is a component of details collection.

It contains door no. street name and city.
It has house no.

It has a size.

It has pin code.

It may be in number and alphabet.

It provides door no. to the
address of student.

It provides street name to
the address of student.

It provides name of the
city to the student address.
Student fills all the fields

of address.

Door no. (Object)

Table 4.1.21: Door no. LEL symbol

Notion

Behavioral Response

It defines the door no. in the address of a student.
It is a component of address.

It may have number.

It must be in numeral form.

Must have unique number.

Street name (Object)

Table 4.1.22: Street name LEL symbol

Notion

Behavioral Response

It is the name of street in the address of a student.
It is a component of address.
It may be in alphabets.

It has a size.

Must be in alphabets.
No special characters are
used to display street

name.
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City (Object)

Table 4.1.23: City LEL symbol

Notion

Behavioral Response

It is the name of city in the address of student.
It is a component of address.

It is associated with address of student.

It may be in alphabets.

It has a size.

e Must be in alphabets.

e It provides name of city to
which student belongs.

e Must have unique pin

code.

Courses opted for (Object)
Table 4.1.24: Courses opted for LEL symbol

Notion

Behavioral Response

It is where the student selects the courses opted
for.

It is a component of details collection.

It has a unique identification number.

It has an author.

It has a title.

e Student can opt one or

more courses.

Acceptance (Verb)

Table 4.1.25: Acceptance LEL symbol

Notion

Behavioral Response

It is the process of acceptance of student admission
form.

It is a component of fill student admission form.

e It accepts the student

admission form.
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Course name (Object)

Table 4.1.26: Course name LEL symbol

Notion

Behavioral Response

e |t describes the name of the courses.
e It is a component of browse course catalog.
e |thasalist.

e It may be in alphabets.

Each course name must
have unique id.

Student choose  course
according to course name.
It displays the list of

courses.

Course details (Object)

Table 4.1.27: Course details LEL symbol

Notion

Behavioral Response

e It describes course details.

e Itisacomponent of browse course catalog.
e It contains fees and duration.

e Ithasalist.

e |t assigns a unique identification.

e |t assigns author.

e [tassigns a title.

e It has an approximated period of duration in days.

May provide fees of the
course chosen by student.
May provide duration the

of course

Fees (Object)

Table 4.1.28: Fees LEL symbol

Notion

Behavioral Response

e Itis the process of displaying fees for courses.

e Itis a component of course details.

Fees are according to the

courses.
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Duration (Object)

Table 4.1.29: Duration LEL symbol

Notion

Behavioral Response

e |t describes the time period of a course.
e It is a component of course details.
e |t has a starting date.

e It has an approximate period of time in days.

e May be in week, month or

year.

Course credit (Object)

Table 4.1.30: Course credit LEL symbol

Notion

Behavioral Response

e It is where the course credits are given.
e It is a component of browse course catalog.

e It may be in number.

e  Must be in numeral.
e Each course is assigned

only unique credit.

Selection of course (Verb)

Table 4.1.31: Selection of course LEL symbol

Notion

Behavioral Response

e Itisthe process of selection of course by a student.
e |t contains register selected courses.

e Performed by the student.

e It displays the list of
courses selected by the

student.
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Register selected course (Verb)

Table 4.1.32: Register selected course LEL symbol

Notion

Behavioral Response

e It is the process of registration of selected
courses.
e Performed by the student.

e Itis composed of approve registered course.

e It assigns  registered
selected courses to the

student.

Approve registered course (Verb)

Table 4.1.33: Approve registered course LEL symbol

Notion

Behavioral Response

e It is the process where administration/back office
approves registered course.
e Performed by administration/back office.

e |t contains pay bill for registered courses.

e The student can access to

registered courses.

Pay bill for registered course (Verb)

Table 4.1.34: Pay bill for registered course LEL symbol

Notion

Behavioral Response

e |t is the process of paying bill for registered
course.
e Performed by the student.

e |t contains fraud detection and method.

e The student has access to
registered course.

e May have fraud
detection.

e May have methods to pay

bill for registered course.
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Fraud detection (Subject)

Table 4.1.35: Fraud detection LEL symbol

Notion

Behavioral Response

e It is the process of detecting fraud in case of
paying bill for registered courses.

e Itis composed of automatic and manual.

e It has transaction identification.

e Itis a component of pay bill for registered course.

e It may enable manual
fraud detection.
e It may enable automatic

fraud detection.

Manual (Object)

Table 4.1.36: Manual LEL symbol

Notion Behavioral Response
e Itis amanual process of fraud detection. e It may detect fraud
e It has identification. manually.
Automatic (Object)
Table 4.1.37: Automatic LEL symbol
Notion Behavioral Response
e It is an automatic process of fraud detection. e It may detect fraud

e It has a machine.

e It generates aslip.

automatically.
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Method (Subject)

Table 4.1.38: Method LEL symbol

Notion

Behavioral Response

It is the process by which a student can pay bill for
registered course.

It contains credit, debit and money order.

It is a component of pay bill for registered
course.

It has a secret code.

It has a machine.

e It pays bill for registered

course.

Credit (Object)

Table 4.1.39: Credit LEL symbol

Notion

Behavioral Response

It is the method through which a student can pay
bill for registered course.

It has a card.

It has a bank account.

It has a account holder.

It has card no.

e Student has to enter pin

number.

Debit (Object)

Table 4.1.40: Debit LEL symbol

Notion

Behavioral Response

It is the method through which a student can pay
bill for registered course.

It has a card.

It has a secret code.

It has a bank account.

It has a account holder.

e Student has to enter pin

number.
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Money order (Object)

Table 4.1.41: Money order LEL symbol

Notion

Behavioral Response

e |t is the method through which a student can pay
bill for registered course.

e It hasaaccount.

e |t has a customer.

e It has a receipt slip.

Student has to enter money

order number.

Manage student information (Verb)

Table 4.1.42: Manage student information LEL symbol

Notion Behavioral Response
e It is the process of managing student|e Update student information.
information. e Edit student information.

e Performed by the administration/back office.

Available student
information to
administration/back

office.

Modify timetable/courses (Verb)

Table 4.1.43: Modify timetable/courses LEL symbol

Notion

Behavioral Response

e Itis the process of modifying timetable/courses of
students.

e Performed by the administration/back office.

Edit timetable/courses of

students.
May update
timetable/courses of
students.
May available
timetable/courses of
students.
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Submit grades (Verb)
Table 4.1.44: Submit grades LEL symbol

Notion Behavioral Response

e |t is the process of submission of grades of | ¢ May update grades.

students. e May edit grades of

e Performed by the administration/back office. students.
e Display grades of students.

e Students gets report card.

The Transformation Process Using a Case Study of Admission Process
The transformation process takes as the source model a LEL model from a case study of
the admission system, and follows the steps described below to derive a UML class

diagram from LEL symbols of the admission system:

The Transformation Rules
Rule 1: Transformation subject to class
By applying the transformation Rule 1 to the subject LEL symbol admission process that

is Table 4.1.1, the class shown in Fig 4.7 is defined.

Admission process

- date

-form
-period
~-duration
-days
-employees

Fig 4.7: Admission process class

As Rulel indicates, second entry in the notion is discarded because it contains another
LEL symbol; from the other five entries, the rule identifies nouns and defines them as
attributes.

Rule 2: Transformation object to class
The application of the transformation Rule 2 to the object LEL symbol Password that is

Table 4.1.6, gives as result the class and attributes shown in Fig 4.8. The following
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attributes have been obtained: identification, size, period of duration in days (Rule 2 takes
each of them separately). In the last case, the problem is that the dictionary does not
recognize noun groups, as we have mentioned before. Moreover, the attribute days
obtained by applying Rule 2 would not be an attribute following the manual approach
because human judgment would have realized they are the way in which periods are

considered.

Password

+identification
+size

+period
+duration

+setSize()
+getSize()

Fig 4.8: Password class

Rule 3: Transformation subject behavioral response to method
Applying the transformation Rule 3 to the LEL symbol admission process that is Table
4.1.1, the methods described in Fig 4.9 are obtained.

Admission process

# student_registration()
#browse_course_catalog()

Fig 4.9: Methods of admission process

Rule 4: Transformation subject information to method parameter

For example, for each method previously defined by Rule 3 (Fig 4.9), parameters are
identified considering the scenarios involved. As parameters come from resources and
actors, they are modeled as classes when the corresponding resource and actor is a
subject or object LEL symbol (Rule 1 and Rule 2).When the resource or the actor does
not belong to the LEL, two things may occur. It may be a word that does not need a LEL

entry because it belongs to the minimum vocabulary or it may represent a set. In the
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former case, it is modeled with a primitive class or type, and in the later one no new

classes are needed because the parameter is a set of a class which is already defined.

Rule 5: Transformation LEL relationships to class relationships

By applying the transformation Rule 5 to the LEL symbols given below we obtain a

hierarchy, with method as the superclass and credit, debit and money order as subclasses.

<. P Studgnt soglsteation ' =01 | <> Admission process |
-amployee date K>——
fom ! student registration()
students
+enter_personal_information_student{) Browse course catalog 1
1 List — Adminstration/Back ofice
; senable_course_detais()| " Lemployee
—— N s manage_student_information()
identfication |- __ | Dig 0 10 <> crodit
sSelldentfcaton) sl o e el e Wl
+SatNumber() st +SatNumber
; 4SelList) b +Gethumber()
Lowercase | [ Upper case +SeDays() | +SetDate()
= P . 4GetDays|) | [+GeiData() +SetPeriod) —
iSelSiel) | [fSetSize() e date :
\GetSize() | [+GetSize() dotalls [ O—————— Foes +SetDate() e
-cash -code
? SetCash) Fraud eloction 0.1 | (el tgslr couse()
identfication N N
name Age Qualification Address Courses sanable_manual_fraud_detection() : :
ollno. years degree house no. opted for | |
istudent_name()| [¢Setveas) | [‘SelDegree() | [+SelHousenoy| |t N | :
+SelTite() ! ! ! !
Q Manual Automatic Credit Debit Money order
Door no. Street name City -dentfication -slip -card -code .recioptslip
number alphabels aiphabels Setidentifcations) | [+SetSip() \SelCard) | [+SelCode) | |+SetRecieptSip)
v S - Selptabets( +Getldentficaton() | |+GetSip() \GetCard() | [+GetCode() |  |+GetReciepiSip(

Method (Subject)
Notion

e Itisthe method by which a student can pay bill for registered course.

Credit (Object)
Notion

Fig 4.10: UML Class diagram of admission process

e It is the method through which a student can pay bill for registered course.
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Debit (Object)
Notion

e It isthe method through which a student can pay bill for registered course.

Auhmision process
date ="SAug 012"

i

BeBrowse course catalog

SStudent reqitration
employee =Heena' [t ="abe"

PPassword

identifcation =2671 CaiCollect detals

Ao:Adminstration Back office

employee =eha'

MiNethod

tode =442

Mo:Money order

receiptsp =Teceived”

Physics:Course name | | Cc:Couse credt] Y Ce:Course detals Fifreuddetcton
i identicat
\\ st ="abc" nurber =4 ped =5 ot identfcation
ol | | wyptoatc
\Quafiat NiNae e W e
CoCousesopted for| | Adihdress e dentfatin =111 | g -ty
degree =)E' rolno, =555
fite =R &0° house no, =20
Ffess D:Duration
ah=y | |date="10may, 012
LeLower ase | (Uc:Uoper case | | DDigt || Miever i voeh | | e
sie= ||se=12 | |oumber =121 | days =30 P =l | B
0iDoor o, SnSireetname caly

number =5 dphabets ='ahe"

adphabets =ammy’

Fig 4.11: Object diagram of Admission process

Money order (Object)
Notion

e It isthe method through which a student can pay bill for registered course.
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Fig 4.10 shows the UML class diagram which was defined considering the structure and

the construction process of LEL model.

Transformation from Class Diagram to Object Diagram
By applying the transformation rules to the class diagram of admission process shown in

Fig 4.10, the object diagram shown in Fig 4.11 is obtained.

4.3.4 Case Study of the Online Transaction System

Online transaction system describes software systems which enable customers to do
transactions over the Internet. They must be able to deal with a large number of
customers, and coordinate multiple resources to deliver the services to the customers.
This process enables transactions by the customers where online transaction system
provides services to an individual. This is done through an online transaction process web

site.

Feature Model of the Online Transaction System

The relationship between the store front and home page features is a mandatory feature;
the relationship between payment and fraud detection features is an optional feature. The
set consisting of the Manual and Automatic features - fraud detection in the online
transaction system application can be either manual or automatic, but not both as it is an
alternative feature; the group consisting of the Credit Card, Debit Card, and Money Order
features - to enable users to pay for selected item, at least one payment method must be
selected as it is an (or) feature. These features are organized into a feature model as Fig
4.12 shows a feature diagram of the online transaction system that represents all possible
services of online transaction system. The online transaction system consists of two parts,
one is store front that is dedicated to the interface that the customer uses to access the
services of online transaction system and other is back office that is concerned with back
office operations. During the process of store front, it enables the home page and
customer registration. The customer registration might mandate the use of payment. In
addition, the payment allows for different payment Methods and Fraud Detections. In the
feature model in Fig 4.12, an includes constraints exist between the store front and the
back office features. An excludes integrity constraint exists between the Credit Card and

the Manual features.
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Online transaction
system

l’//_\.

Store front

Back office

Home page Cu.stom.er
B registration
Payment
Fraud Method
detection
\“"\ /l+\
Manual Automatic Credit Debit Mboney order

Fig 4.12: Feature model of online transaction system

Language Extended Lexicon Symbols for the Online Transaction System

LEL symbols of the online transaction process case study are given:

Online transaction system (Subject)

Table 4.2.1: Online transaction system LEL symbol

Notion

Behavioral Response

e It is a software system which is devoted to the
online transaction by customers through Internet.

e Itis composed by a store front and a back office.

e It may have account.

It coordinates the store

front and the back office.
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Store front (Subject)

Table 4.2.2: Store front LEL symbol

Notion

Behavioral Response

It is a component of the online transaction system.
It is the interface the customer uses to access the
services of online transaction system.

It contains a home page and customer
registration.

It has a unique identification.

e It may enable customer

registration.

Back office (Subject)

Table 4.2.3: Back office LEL symbol

Notion

Behavioral Response

It is the interface that administrator uses to access
the online transaction system.

It is a component of the online transaction
system.

It may have one or more employee.

It has a unique identification.

o |t manages online

transaction system.

Home page (Object)

Table 4.2.4: Home page LEL symbol

Notion

Behavioral Response

It is the first page when customer accesses the site.
It has a welcome message.

It is a component of the store front.

e It may navigate to next

page.
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Customer registration (Subject)

Table 4.2.5: Customer registration LEL symbol

Notion

Behavioral Response

It is the process for the registration of customer.
It is a component of store front.

It contains payment.

It has one or more employee.

It has a form.

It has identification.

It is the requesting of customer information.

It maintains customer information.

e Determine the future
actions of the customer.

e It registers the customer.

Payment (Verb)

Table 4.2.6: Payment course LEL symbol

Notion

Behavioral Response

It is the process of paying bill to purchase the item
through online transaction.
Performed by the customer.

It contains fraud detection and method.

e The customer has access
to the purchased item.

e May have fraud
detection.

e May have methods to pay
bill for the purchased
book.
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Fraud detection (Subject)

Table 4.2.7: Fraud detection LEL symbol

Notion

Behavioral Response

e Itis the process of detecting fraud in case of paying
bill

transaction.

for the purchased item through online
e Itis composed of automatic and manual.
e It has transaction identification.

e It keeps track of the customer registration.

e It may enable manual
fraud detection.
e It may enable automatic

fraud detection.

Manual (Object)

Table 4.2.8: Manual LEL symbol

Notion Behavioral Response
e Itisa manual process of fraud detection. e It may detect fraud
e It has identification. manually.
Automatic (Object)
Table 4.2.9: Automatic LEL symbol
Notion Behavioral Response
e It is an automatic process of fraud detection. e It may detect fraud

e |t has a machine.

e It generates aslip.

automatically.
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Method (Subject)

Table 4.2.10: Method LEL symbol

Notion

Behavioral Response

It is the process by which a customer can pay bill to
purchase the item through online transaction.

It contains credit, debit and money order.

It has a secret code.

It keeps track of modes of payment for customer
registration.

It has a machine.

e It makes payment for the
purchased item.

Credit (Object)

Table 4.2.11: Credit LEL symbol

Notion

Behavioral Response

It is the method through which a customer can pay
bill to purchase the item.

It has a card.

It has a bank account.

It has an account holder.

It has card no.

e Customer has to enter pin

number.

Debit (Object)

Table 4.2.12: Debit LEL symbol

Notion

Behavioral Response

It is the method through which a customer can pay
bill to purchase the item.

It has a card.

It has a secret code.

It has a bank account.

It has an account holder.

e Customer has to enter pin

number.
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Money order (Object)
Table 4.2.13: Money order LEL symbol

Notion Behavioral Response

e It is the method through which a customer can pay | ¢ Customer has to enter
bill to purchase the item. money order number.

e It hasaaccount.

e It has a customer.

e It has a receipt slip.

The Transformation Process Using a Case Study of the Online Transaction System
The transformation process takes as the source model a LEL model from a case study of
the online transaction system, and follows the steps described below to derive a UML

class diagram from LEL symbols of the online transaction system:

The transformation rules

Rule 1: Transformation subject to class

By applying the transformation Rule 1 to the subject LEL symbol store front that is Table
4.2.2, the class shown in Fig 4.13 is defined.

Store front

+identification

Fig 4.13: Store front class
Rule 2: Transformation object to class
The application of the transformation Rule 2 to the object LEL symbol Home page that is
Table 4.2.4, gives as result the class and attributes shown in Fig 4.14. We would have

obtained the following attributes: message.
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Home page

+message

+setMessage()
+getMessage()

Fig 4.14: Home page class
Rule 3: Transformation subject behavioral response to method
Applying the transformation Rule 3 to the LEL symbol store front shown in Table 4.2.2,
the method described in Fig 4.15 is obtained.

Store front

+enable_customer_registration()

Fig 4.15: Method of store front
Rule 4: Transformation subject information to method parameter

Same as Rule 4 in case study of admission process.

Rule 5: Transformation LEL relationships to class relationships
By applying the transformation Rule 5 to the LEL symbols given below we obtain a

hierarchy, with method as the superclass and credit, debit and money order as subclasses.

Method (Subject)
Notion
e Itis the process by which a customer can pay bill to purchase the item through online

transaction.
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Online transaction system

+account

+coordinates_book_store_front_back_office()

Store front 1 1 Back office
tidentification +Hdentification
1 +employee
+enable_customer_registration() 3 =
Q’*\l Customer registration +manages_online_transaction_system()
1 +dentification
+employee
1 +registers_customer()
Home page . \
+message vt L3 Method
+setMessage()
+getMessage() Fraud detection +code
+identification +payment_purchased_item()
+enable_manual_fraud_detection() 7 7 =
e N, o0 : >
o ] A ti 97
Manual - = et Credit Debit Money order
+dentification i +card +code +receiptslip
SRR +setSlip() TR
ﬂetldenhﬁcah'ono +getslip() +setCard() +setCode() +setRece[ptSI|.p0
+getldentification() +getCard() +getCode() +getReceiptSlip()

Fig 4.16: Class diagram of online transaction system

Credit (Object)

Notion

e It isthe method through which a customer can pay bill to purchase the item.

Debit (Object)

Notion

e Itis the method through which a customer can pay bill to purchase the item.

Money order (Object)

Notion

e Itis the method through which a customer can pay bill to purchase the item.

Fig 4.16 shows the UML class diagram of admission process which was defined
considering the structure and the construction process of LEL model of admission

process.
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O : Online transaction system
account = 5678

\

S : Store front BO : Back office

identification = 121 identification = 818

\

C : Customer registration

employee = 2

H : Home page
message = "abc”
M : Meth
E : Fraud detection M : Method
de = 31
identification = 212 cooe =313
MA : Manual A : Automatic G : Credit D : Debit MO : Money order
identification = 414 slip = "received” et code = 616 receiptslip = "y"

Fig 4.17: Object diagram of online transaction system

Transformation from Class Diagram to Object Diagram
By applying the transformation rules to the class diagram of online transaction system
shown in Fig 4.16, the object diagram shown in Fig 4.17 is obtained.

4.3.5 Case Study of the ATM

The ATM is a software system which allows customers to enter their own transaction
using cash cards as identification. It has a card reader, transaction, a cash dispenser, a
receipt printer and fraud detection. It runs a program that is usually written by the bank
that usually follows a pattern. It starts by asking for the language. First step is to insert
your card which has a magnetic strip on the back that it reads information about your
bank followed by entering your password. After that, it's up to the program to decide
what to do next. It must be able to deal with a large number of customers and coordinate

multiple resources to deliver the services to the customers.

Feature Model of the ATM
The relationship between the store front and card reader features is a mandatory feature;
the relationship between store front and fraud detection features is an optional feature.
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The set consisting of the Manual and Automatic features - fraud detection in the ATM
application can be either manual or automatic, but not both as it is an alternative feature;
the group consisting of the deposit, withdrawal and balance inquiry features - to enable
users to enter their transaction , at least one transaction method must be selected as it is
an (or) feature. These features are organized into a feature model as Fig 4.18 shows a
feature diagram of the ATM that represents all possible services of the ATM. The ATM
consists of two parts, one is store front that is dedicated to the interface that the customer
uses to access the services of the ATM and other is back office that is concerned with
back office operations. During the process of store front, it enables the card reader,

transaction, a cash dispenser, a receipt printer and fraud detection. In addition, the

-///ﬁ\\ﬁ

Back office

Card readsr Tranzaction Caszh dizspenser

T

Dheposit Withdrawal Balance inguiry hlanval Avtomatic

Fravd detsction

Fig 4.18: Feature model of the ATM
transaction allows for different transaction methods. In the feature model in Fig 4.18, an
includes constraints exist between the store front and the back office features. An

excludes integrity constraint exists between the withdrawal and the manual features.

The features store front, back office, fraud detection, manual and automatic of case study

online transaction system are reused in this case study.

Language Extended Lexicon Symbols for the ATM
LEL symbols of the ATM case study are given below:
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ATM (Subject)

Table 4.3.1: ATM LEL symbol

Notion

Behavioral Response

e |t is a station which allows customers to enter their

own transaction using cash
identification.

e Itis composed by a store front and a back office.

e It may have bank name.

e [t has an atmid.

e It may have state name.

cards as

e It may enable transaction.

e It may enable fraud

detection.

Store front (Subject)

Table 4.3.2: Store front LEL symbol

Notion

Behavioral Response

° It is the interface the customer uses to access the

ATM.
o It is a component of the ATM.

. It contains a card reader, transaction, a cash

dispenser, a receipt printer
detection.

o It has a unique identification.

and fraud

e It may enable transaction.

Back office (Subject)

Table 4.3.3: Back office LEL symbol

Notion

Behavioral Response

e It is the interface that administrator uses to access

the ATM.
e Itis acomponent of the ATM.
e It may have one or more employee.

e It has a unique identification.

e It manages the ATM.
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Transaction (Subject)

Table 4.3.4: Transaction LEL symbol

Notion

Behavioral Response

e A banking operation involving the bank is defined
as a transaction. A transaction might involve
deposit cash, withdrawal and enquiry.

e It is composed of deposit, withdrawal and
balance inquiry.

e It has unique pin.

e It may have balance.

e Itis a component of the store front.

e It may deposit cash.
e It may withdrawal cash.
e It may enable balance

enquiry.

Card reader (Object)

Table 4.3.5: Card reader LEL symbol

Notion

Behavioral Response

e It is the process for swiping and reading the ATM
card.
e Itis a component of the store front.

e It may have atm.

e Customer can swipe the
card.

e It may eject card.

Cash dispenser (Object)

Table 4.3.6: Cash dispenser LEL symbol

Notion

Behavioral Response

e Itisthe process of dispensing cash.
e |tis a component of the store front.

e It may have initialcash and totalcash.

e It provides cash.
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Receipt printer (Object)

Table 4.3.7: Receipt printer LEL symbol

Notion

Behavioral Response

e Itis the process for printing customer receipt.
e |tis a component of the store front.

e It may have balance.

e It generates receipt.

Fraud detection (Subject)

Table 4.3.8: Fraud detection LEL symbol

Notion

Behavioral Response

e |t is the process of detecting access of an account
by an unauthorized user.

e Itis composed of automatic and manual.

e It has transaction identification.

e It keeps track of the store front.

e It may enable manual

fraud detection.

e It may enable automatic

fraud detection.

Manual (Object)

Table 4.3.9: Manual LEL symbol

Notion Behavioral Response
e Itis amanual process of fraud detection. e It may detect fraud
e It has identification. manually.
e Itis acomponent of fraud detection.
Automatic (Object)
Table 4.3.10: Automatic LEL symbol
Notion Behavioral Response
e [tisan automatic process of fraud detection. e It may detect fraud

e Itis acomponent of fraud detection.
e It has a machine.

e |t generates aslip.

automatically.
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Deposit (Verb)

Table 4.3.11: Deposit LEL symbol

Notion

Behavioral Response

e It is the process to deposit cash in account of
customer.

e Itis performed by customer.

e |t updates the account of

customer.

Withdrawal (Verb)

Table 4.3.12: Withdrawal LEL symbol

Notion

Behavioral Response

e Itisthe process to withdrawal cash from account.

e Performed by customer.

e It may update the account

of customer.

Enquiry (Verb)

Table 4.3.13: Enquiry LEL symbol

Notion

Behavioral Response

e |t the process to do enquiry about balance details
of account.

e Itis performed by customer.

e It provides balance details

to the account holder.

The Transformation Process Using a Case Study of the ATM

The transformation process takes as the source model a LEL model from a case study of

the ATM, and follows the steps described below to derive a UML class diagram from

LEL symbols of the ATM:

The transformation rules

Rule 1: Transformation subject to class

By applying the transformation Rule 1 to the subject LEL symbol ATM shown in Table

4.3.1, the class shown in Fig 4.19 is defined.
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ATM

+atmid
+bankname
+state

Fig 4.19: ATM class
Rule 2: Transformation object to class
The application of the transformation Rule 2 to the object LEL symbol receipt printer
shown in Table 4.3.7, whose notion is described below, gives as result the class and
attributes shown in Fig 4.20. We would have obtained the following attributes: balance.

Receipt printer

+balance

+setBalnace()

Fig 4.20: Receipt printer class

Rule 3: Transformation subject behavioral response to method
Applying the transformation Rule 3 to the LEL symbol ATM shown in Table 4.3.1, the

method described in Fig 4.21is obtained.

ATM

+enable_transaction()

Fig 4.21: Method of ATM
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Rule 4: Transformation subject information to method parameter

Same as Rule 4 in case study of admission process.

Rule 5: Transformation LEL relationships to class relationships
By applying the transformation Rule 5 to the LEL symbols given below we obtain a

hierarchy, with fraud detection as the superclass and manual and automatic as subclasses.

ATM

+atmid
+bankname
+state

+enable_transaction()

Store front Back office
+Hdentification +dentification
+enable_transaction() +manages_ATM()

Fraud detection

0.1 |+identification

Card reader Transaction Cash dispenser Receipt printer +enable_automatic_fraud_detection()
+atm +balance +HInitialcash +balance
prarT +pin +otalcash JeetBalance() , 7 \'t‘
+getAtm() +deposit_cash() +setinitialCash() +getBalance() i
+getInitialCash()

Manual Automatic
+identification +slip
+setidentification() +setSlp()
+getidentification() +getSip()

Fig 4.22: Class diagram of ATM

Fraud detection (Subject)

Notion

e Itis the process of detecting access of an account by an unauthorized user.
Manual (Object)

Notion

e Itis a manual process of fraud detection.

Automatic (Object)
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Notion
e Itisan automatic process of fraud detection.
Fig 4.22 shows the UML class diagram of the ATM which was defined considering the

structure and the construction process of LEL model of the ATM.

A:ATM
atmid =4567
B : Back office
S : Store front
identification = 454
identification = 111
Rp:Receipt printer
‘ — Fd:Fraud detection halance =2000
Cr:Card reader T:Transaction Cd:Cash dispenser dentifiation =121
atm ="ATM" pin =1234 Initialcash =4000
M:Manual Au:Automatic

slip ="abc"

identification =236

Fig 4.23: Object diagram of ATM
Transformation from Class Diagram to Object Diagram
By applying the transformation rules to the class diagram of the ATM shown in Fig 4.22,

the object diagram shown in Fig 4.23 is obtained.

4.3.6 Case Study of the Online Dairy Farm

Online dairy farm describes software systems which manages dairy farm over the
internet. They must be able to deal with a large number of customers, and coordinate
multiple resources to deliver the services to the customers. This is done through an online

dairy farm web site.
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Feature Model of the Online Dairy Farm

The relationship between the farm store front and home page features is a mandatory
feature; the relationship between payment and fraud detection features is an optional
feature. The set consisting of the Manual and Automatic features - fraud detection in the
online dairy farm application can be either manual or automatic, but not both as it is an
alternative feature; the group consisting of the Credit Card, Debit Card, and Money Order
features - to enable dairy farmer to pay for the registration, at least one payment method
must be selected as it is an (or) feature. These features are organized into a feature model
as Fig 4.24 shows a feature diagram of the online dairy farm that represents all possible
services of online dairy farm. The online dairy farm consists of two parts, one is farm

store front that is dedicated to the interface that the customer uses to access the services

Online
dairy farm
Farm store Back office
front
Home page Dairy farmer
= registration
e = ———e —
Field Cow Payment
Plot Dairy cow Calf Heifer Fraud Method
detection
Automatic Manual Credtt Debit Noney

order

Fig 4.24: Feature model of the online dairy farm
and to register to the online dairy farm and other is back office that is concerned with
back office operations. During the process of farm store front, it enables the home page

and dairy farmer registration. The home page includes field and cow. The cow may be
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dairy cow, calf or may be heifer. The field may include plot. The dairy farmer
registration might mandate the use of payment. In addition, the payment allows for
different payment methods and fraud detections. In the feature model in Fig 4.24, an
includes constraints exist between the farm store front and the back office features. An
excludes integrity constraint exists between the Credit Card and the Manual features.

The features store front, back office, home page, customer registration, payment, fraud
detection, manual, automatic, method, credit, debit and money order of case study online
transaction system are reused in this case study. The relationship between dairy farmer
registration and farm store front in online dairy farm is similar to the relationship between

customer registration and store front in online transaction system.

Language Extended Lexicon Symbols for the Online Dairy Farm
LEL symbols of the online dairy farm case study are given below:

Online dairy farm (Subject)
Table 4.4.1: Dairy farm LEL symbol

Notion Behavioral Response
e [tis managed by a dairy farmer. e It coordinates the farm
e It has identification. store front and the back
e It is composed of farm store front and back office.

office.
e |t may have account.

Farm store front (Subject)
Table 4.4.2: Farm store front LEL symbol

Notion Behavioral Response

e It is the interface the customer uses to access the [e It may enable dairy
services of online dairy farm. farmer registration.

e It is a component of the online dairy farm.

e It contains a home page and dairy farmer
registration.

e It has a unique identification.
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Home page (Object)

Table 4.4.3: Home page LEL symbol

Notion

Behavioral Response

It is the first page when customer accesses the site.
It has a welcome message.

It is a component of the farm store front.

e It may navigate to next

page.

Dairy farmer registration (Subject)

Table 4.4.4: Dairy farmer registration LEL symbol

Notion

Behavioral Response

It is the process for the registration of dairy
farmer.

It is a component of farm store front.

It contains payment.

It has one or more employee.

It has a form.

It has identification.

e Determine  the
actions of the
farmer.

e It registers the
farmer.

future

dairy

dairy

Back office (Subject)

Table 4.4.5: Back office LEL symbol

Notion

Behavioral Response

It is the interface that administrator uses to access
the online dairy farm.

It is a component of the online dairy farm.

It may have one or more employee.

It has a unique identification.

e It manages online dairy

farm.
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Payment (Verb)

Table 4.4.6: Payment course LEL symbol

Notion

Behavioral Response

e Itis the process of paying bill for the registration.
e Performed by the dairy farmer.

e |t contains fraud detection and method.

e The dairy farmer

has

access to the online dairy

farm.

e May have fraud detection.

e May have methods to pay

bill for the registration.

Fraud detection (Subject)

Table 4.4.7: Fraud detection LEL symbol

Notion

Behavioral Response

e Itis the process of detecting fraud in case of paying
bill for the registration.

e Itis composed of automatic and manual.

e It has transaction identification.

e It keeps track of the dairy farmer registration.

e It may enable manual

fraud detection.

e It may enable automatic

fraud detection.

Manual (Object)

Table 4.4.8: Manual LEL symbol

Notion Behavioral Response
e Itisa manual process of fraud detection. e It may detect fraud
e It has identification. manually.
Automatic (Object)
Table 4.4.9: Automatic LEL symbol
Notion Behavioral Response
e Itisan automatic process of fraud detection. e It may detect fraud

e |t has a machine.

e |t generates aslip.

automatically.
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Method (Subject)

Table 4.4.10: Method LEL symbol

Notion

Behavioral Response

It is the process by which a dairy farmer can pay
bill for registration.

It contains credit, debit and money order.

It has a secret code.

It keeps track of modes of payment for dairy
farmer registration.

It has a machine.

e It makes payment for the

dairy farmer registration.

Credit (Object)

Table 4.4.11: Credit LEL symbol

Notion

Behavioral Response

It is the method through which dairy farmer can
pay bill for the registration.

It has a card.

It has a bank account.

It has a account holder.

It has card no.

e Dairy farmer have to

enter pin number.

Debit (Object)

Table 4.4.12: Debit LEL symbol

Notion

Behavioral Response

It is the method through which dairy farmer can
pay bill for the registration.

It has a card.

It has a secret code.

It has a bank account.

It has a account holder.

e Dairy farmer have to

enter pin number.
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Money order (Object)

Table 4.4.13: Money order LEL symbol

Notion

Behavioral Response

e It is the method through which dairy farmer can
pay bill for the registration.
e It has a account.
e It has a customer.

e It has a receipt slip.

e Dairy farmer have to

enter money order number.

Field (Object)

Table 4.4.14: Field LEL symbol

Notion

Behavioral Response

e Land where cows eat pasture.

e It has identification.

e |t has a precise location in the dairy farm.
e Ithasasize.

e Itisdivided into a set of plot.

e ltassigns plot.

Cow (Subject)

Table 4.4.15: Cow LEL symbol

Notion

Behavioral Response

e It may be a calf, a heifer or a dairy cow.

e It has age.

Dairy cow (Subject)

Table 4.4.16: Dairy cow LEL symbol

Notion

Behavioral Response

e |tis afemale cow which has leads at least one calf.

e It hasage.
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Calf (Subject)
Table 4.4.17: Calf LEL symbol

Notion Behavioral Response

e [ltisacow of less than 12 months age. =~ | ......oeie.

e It has age.
Heifer (Subject)
Table 4.4.18: Heifer LEL symbol
Notion Behavioral Response

e It is a female cow of 12 months age on or more | ............

which has not had a calf.

e It hasage.

Plot (Object)
Table 4.4.19: Plot LEL symbol

Notion Behavioral Response

e ltisapartofafied. .
e It has identification.

e Ithasasize.

The Transformation Process Using a Case Study of the Online Dairy Farm
The transformation process takes as the source model a LEL model from a case study of
the online dairy farm, and follows the steps described below to derive a UML class

diagram from LEL symbols of the online dairy farm:

The transformation rules

Rule 1: Transformation subject to class

By applying the transformation Rule 1 to the subject LEL symbol farm store front shown
in

Table 4.4.2, the class shown in Fig 4.25 is defined.
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Farm store front

+dentification

Fig 4.25: Farm store front class

Rule 2: Transformation object to class
The application of the transformation Rule 2 to the object LEL symbol Plot shown in
Table 4.4.19, gives as result the class and attributes shown in Fig 4.26. We would have

obtained the following attributes: identification and size.

Plot

+dentification
+size

+setldentification()
+getidentification(

Fig 4.26: Plot class

Rule 3: Transformation subject behavioral response to method
Applying the transformation Rule 3 to the subject LEL symbol farm store as shown in

Table 4.4.2, the method described in Fig 4.27 is obtained.

Farm store front

+enable_dairy_farmer_registration()

Fig 4.27: Method of farm store front class

Rule 4: Transformation subject information to method parameter

Same as Rule 4 in case study of admission process.
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Rule 5: Transformation LEL relationships to class relationships

By applying the transformation Rule 5 to the LEL symbols given below we obtain a

hierarchy, with cow as the superclass and dairy cow, calf and heifer as subclasses.

Analyzing the LEL symbol field shown in Table 3.84, a notion with a LEL symbol

modeled as a class (Plot, Fig 4.26) containing the “component-composition” verb is

“divided into” is found. Besides, a “content-component” verb is found in the notion of the

LEL symbol plot (“it is a part of ...” Table 4.4.19). Therefore, the transformation Rule 5

defines an aggregation relationship between field and plot classes.

Online dairy farm

+account

+coordinates_farm_store_front_back_office()

Farm store front

+identification

+enable_dairy_farmer_registration()

1

1

Back office

+identification

+manages_online_dairy_farm()

Dairy farmer registration

+identification
+employee

+registers_dairy_farmer()

P

Method

+ode

+payment_dairy_farmer_registration()

7 h X
Credit Debit Money order
+eard +code +eceiptsip
+setReceiptSip()
+setCard +setCode() |
wemard% +getCode() +getReceiptSlip(

Home page
Hmessage Ulll
Field +setMessage()
1 R
e % +getiessage() Fraud detection
+size 1 1% +identification
+setsize() Cow +enable_manual_fraud_detection()
+getSize()
+age ,ﬂ F\
1 AR
o / :
Plot ; Automatic
+dentfication Dairy cow | Calf Heffer | | Hdentfication +sip
fsize R 3
+setldentification() +setSip()
+setldentification() b i i +getidentification() +getslip)
+getldentification()
Fig 4.28: Class diagram of online dairy farm
Cow (Subject)
Notion

e It may be a calf, a heifer or a dairy cow.

Dairy cow (Subject)




Notion

e |tis afemale cow which has lead at least one calf.

Calf (Subject)
Notion

e Itisacow of less than 12 months age.

0 : Online dairy farm

account = 5678

F : Farm store front

H : Home page

F1 : Field

message = "abc”

identification = 199

P : Plot

identification = 121 \

D : Dairy farmer registration

employee = 2

F : Fraud detection

identification = 212

identification = 777

C:Cow

A : Automatic

C : Credit

age ="4 years"

identification = 414

slip = "received”

card = "master”

[\

DC : Dairy cow CA: Calf

H : Heifer

e

BO : Back office
identification = 818

M : Method
code =313
D : Debit MO : Money order
code =616 receiptslip = y"

age ="3 years"

age = "3 months”

age = "1year"

Heifer (Subject)

Fig 4.29: Object diagram of online dairy farm

Notion

It is a female cow of 12 months age on or more which has not had a calf.

As shown in LEL symbol field in Table 4.84.
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Fig 4.28 shows the UML class diagram of the online dairy farm which was defined
considering the structure and the construction process of LEL model of the online dairy

farm.

Transformation from Class Diagram to Object Diagram
By applying the transformation rules to the class diagram of the online dairy farm shown

in Fig 4.28, the object diagram shown in Fig 4.29 is obtained.

4.3.7 Case Study of the Online Book Shop

Online book shop describes software systems which enable customers to buy books over
the Internet. They must be able to deal with a large number of customers, and coordinate
multiple resources to deliver the services to the customers. This process enables
customers to buy books through transactions over the internet where online book shop
provides services to an individual. This is done through an online book shop web site.

Feature Model of the Online Book Shop

The relationship between the book store front and home page features is a mandatory
feature; the relationship between payment and fraud detection features is an optional
feature. The set consisting of the Manual and Automatic features - fraud detection in the
online book shop application can be either manual or automatic, but not both as it is an
alternative feature; the group consisting of the Credit Card, Debit Card, and Money Order
features - to enable users to pay for selected book, at least one payment method must be
selected as it is an (or) feature. These features are organized into a feature model as Fig
4.30 shows a feature diagram of the online book shop that represents all possible services
of online book shop. The online book shop consists of two parts, one is store front that is
dedicated to the interface that the customer uses to purchase the book from the online
book shop and other is back office that is concerned with back office operations. During
the process of book store front, it enables the home page and customer registration. The
home page includes books. The books may be new books, or may be used books. The
customer registration might mandate the use of payment. In addition, the payment allows

for different payment methods and fraud detections. In the feature model in Fig 4.30, an
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Online book shop

a— T

Book store Back office
front
r“’f_ i
Home page Customer
registration
Books Payment
New books Used books Fraud Method
detection
Manual Autematic Credit Debit Money order

includes constraints exist between the book store front and the back office features. An

excludes integrity constraint exists between the Credit Card and the Manual features.

The features store front, back office, customer registration, payment, fraud detection,
manual, automatic, method, credit, debit and money order of case study online
transaction system are reused in this case study. The relationship between book store
front in online book shop is similar to the relationship between store front in online

Fig 4.30: Feature model of the online book shop

transaction system.

Language Extended Lexicon Symbols for the Online Book Shop

LEL symbols of the online book shop process case study are given below:
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Online book shop (Subject)
Table 4.5.1: Online book shop LEL symbol

Notion

Behavioral Response

It is a software system which is devoted to selling books
to customers through Internet.
It is composed by a book store front and a back office.

It may have account.

e It coordinates the
book store front and
the back office.

Book store front (Subject)
Table 4.5.2: Book store front LEL symbol

Notion

Behavioral Response

It is a component of the online book shop. o
It is the interface the customer uses to purchase the
book from the online book shop.

It contains a home page and customer
registration.

It has a unique identification.

It may enable customer

registration.

Home page (Object)

Table 4.5.3: Home page LEL symbol

Notion

Behavioral Response

It is the first page when customer accesses the site. | o
It has a welcome message.

It is a component of the book store front.

It may navigate to next
page.
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Customer registration (Subject)

Table 4.5.4: Customer registration LEL symbol

Notion

Behavioral Response

It is the process for the registration of customer.
It is a component of book store front.

It contains payment.

It has one or more employee.

It has a form.

It has identification.

e Determine the future
actions of the customer.

e It registers the customer.

Back office (Subject)

Table 4.5.5: Back office LEL symbol

Notion

Behavioral Response

It is the interface that administrator uses to access
the online book shop.

It is a component of the online book shop.

It may have one or more employee.

It has a unique identification.

e It manages online book

shop.

Payment (Verb)

Table 4.5.6: Payment course LEL symbol

Notion

Behavioral Response

It is the process of paying bill in order to purchase
the book.
Performed by the customer.

It contains fraud detection and method.

e The customer has access
to the purchased book.

e May have fraud
detection.

e May have methods to pay
bill

book.

for the purchased
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Fraud detection (Subject)

Table 4.5.7: Fraud detection LEL symbol

Notion

Behavioral Response

e Itis the process of detecting fraud in case of paying
bill for the purchased book.

e Itis composed of automatic and manual.

e It has transaction identification.

e |t keeps track of the customer registration.

e It may enable manual
fraud detection.
e It may enable automatic

fraud detection.

Manual (Object)

Table 4.5.8: Manual LEL symbol

Notion Behavioral Response
e Itis a manual process of fraud detection. e It may detect fraud
e It has identification. manually.
Automatic (Object)
Table 4.5.9: Automatic LEL symbol
Notion Behavioral Response
e It is an automatic process of fraud detection. e It may detect fraud

e It has a machine.

e It generates aslip.

automatically.
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Method (Subject)

Table 4.5.10: Method LEL symbol

Notion

Behavioral Response

It is the process by which a customer can pay bill to
purchase the book.

It contains credit, debit and money order.

It has a secret code.

It keeps track of modes of payment for customer
registration.

It has a machine.

e It makes payment for the
purchased book.

Credit (Object)

Table 4.5.11: Credit LEL symbol

Notion

Behavioral Response

It is the method through which a student can pay
bill to purchase the book.

It has a card.

It has a bank account.

It has a account holder.

It has card no.

e Customer has to enter pin

number.

Debit (Object)

Table 4.5.12: Debit LEL symbol

Notion

Behavioral Response

It is the method through which a student can pay
bill to purchase the book.

It has a card.

It has a secret code.

It has a bank account.

It has a account holder.

e Customer has to enter pin

number.
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Money order (Object)
Table 4.5.13: Money order LEL symbol

Notion Behavioral Response

e |t is the method through which a student can pay | e Customer has to enter
bill to purchase the book. money order number.
e It hasaaccount.

e |t has a customer.

e It has a receipt slip.

The Transformation Process using a Case Study of the Online Book Shop

The transformation process takes as the source model a LEL model from a case study of
the online book shop, and follows the steps described below to derive a UML class
diagram from LEL symbols of the online book shop:

The transformation rules

Rule 1: Transformation subject to class

By applying the transformation Rule 1 to the subject LEL symbol book store front shown
in Table 4.5.2, the class shown in Fig 4.31 is defined.

Book store front

+dentification

Fig 4.31: Book store front class

Rule 2: Transformation object to class
The application of the transformation Rule 2 to the object LEL symbol home page shown
in Table 4.5.3, gives as result the class and attributes shown in Fig 4.32. We would have

obtained the following attributes: message.
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Home page

+message

+setMessage()
+getMessage()

Fig 4.32: Home page class

Rule 3: Transformation subject behavioral response to method
Applying the transformation Rule 3 to the LEL symbol book store front shown in Table
4.5.2, the method described in Fig 4.33 is obtained.

Book store front

+enable_customer_registration()

Fig 4.33: Method of book store front

Rule 4: Transformation subject information to method parameter

Same as Rule 4 in case study of admission process.

Rule 5: Transformation LEL relationships to class relationships
By applying the transformation Rule 5 to the LEL symbols given below we obtain a
hierarchy, with method as the superclass and credit, debit and money order as subclasses.

Method (Subject)

Notion

e It is the process by which a customer can pay bill to purchase the book.

Credit (Object)
Notion
e It isthe method through which a student can pay bill to purchase the book.
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Debit (Object)

Notion

e Itisthe method through which a student can pay bill to purchase the book.

Money order (Object)

Notion

e Itisthe method through which a student can pay bill to purchase the book.

Online book store

+account

+coordinates_book_store_front_back_office()

Book store front 1

+identification

+enable_customer_registration()
6\1 Customer registration
Home page
e i 1 +identification
+message +employee
+setMessage() +registers_customer()
+getMessage() { 1
1
1% 0.1
Books Fraud detection
+Hite +identification
+setTite() +enable_manual_fraud_detection()
+getTitle()
A 7 5
o 4 : %
o & Manual Automatic
New books |* ]
Used books +identification +sip
+edition L )
tediion +setldentification() +setSip()
+setEdition() +setEdition() +getdentification() +getSlip()
+getEdition() +getEdition()

Back office

+identification

+manages_online_book_shop()

Method

+code

+payment_purchased_book()

A

Credit Debit Money order
+eard +code +receiptslip

+setCard() +setCode() +setRece§ptSlip0

+getCard() +getCode() +getReceiptslip()

Fig 4.34: Class diagram of online book store

Fig 4.34 shows the UML class diagram of the online book store which was defined

considering the structure and the construction process of LEL Model of the online book

store.
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B : Book store front

identification = 121

H : Home page

message = "abc”

BK : Books

fitle = "software”

\

0: Online book shop

account = 5678

C ¢ Customer registration

employee =2

F : Fraud detection

identification = 212

N : New books

U+ Used books

MA : Manual

edition =7 edition = 5

identification = 414

A Automatic

slip = "received"

BO : Back office

identification = 818

M : Method

code = 313

D : Debit

MO : Money order

card = master”

code =616

receiptslip = "

Fig 4.35: Object diagram of online book store

Transformation from Class Diagram to Object Diagram

By applying the transformation rules to the class diagram of the online book store shown

in Fig 4.34, the object diagram shown in Fig 4.35 is obtained.

4.3.8 Case Study of the Online Potato Collection Company

Online potato collection company describes software systems that buy potato to Producer

over the Internet. They must be able to deal with a large number of customers, and

coordinate multiple resources to deliver the services to the customers. This is done

through an online potato collection company web site. Tables below show LEL symbols

belonging to this case study
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Feature Model of the Online Potato Collection Company

relationship between the potato store front and home page features is a mandatory
feature; the relationship between payment and fraud detection features is an optional
feature. The set consisting of the Manual and Automatic features - fraud detection in the
online potato collection company application can be either manual or automatic, but not
both as it is an alternative feature; the group consisting of the Credit Card, Debit Card,
and Money Order features - to enable producer to pay for the registration, at least one
payment method must be selected as it is an (or) feature. These features are organized
into a feature model as Fig 4.36 shows a feature diagram of the online potato collection
company that represents all possible services of online potato collection company. The
online potato collection company consists of two parts, one is potato store front that is
dedicated to the interface that the customer uses to access the services of online potato
collection company and other is back office that is concerned with back office operations.
During the process of potato store front, it enables the home page and producer
registration. The home page enables producer, defect and potato purchase contract. The
producer registration might mandate the use of payment. In addition, the payment allows

for different

Online potato
collection company

e
Potato store Back office
front

.___,_———d———————_‘

Home page Producer
2 registration
Payment
Producer Defect Potato purchase
contract WH
Fraud Method
detection
Automatic Mamal Credit Debit Mbney

order

Fig 4.36: Feature model of online potato collection company.
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The payment methods and fraud detections. In the feature model in Fig 4.36, an includes

constraints exist between the potato store front and the back office features. An excludes

integrity constraint exists between the Credit Card and the Manual features.

The features store front, back office, homepage, customer registration, payment, fraud

detection, manual, automatic, method, credit, debit and money order of case study online

transaction system are reused in this case study. The relationship between potato store

front and producer registration in online potato collection company is similar to the

relationship between store front and customer registration in online transaction system.

Language Extended Lexicon Symbols for the Online potato collection company

LEL symbols of the online potato collection company case study are given below:

Online potato collection company (Subject)

Table 4.6.1: Online potato collection company LEL symbol

Notion

Behavioral Response

e |t is a software system of a company that buys
potato to Producer.

e It has identification.

e It is composed by a farm store front and a back
office.

e It may have account.

Sets the price of potato in

agreement with Producer.

Delivers production
recommendations to
Producer.

Signs the purchase and
production of potatoes
contract.
Receive  potato  from
Producer.

Inspect potato.
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Producer (Subject)

Table 4.6.2: Producer LEL symbol

Notion

Behavioral Response

e Person in charge of planting, harvesting and
delivering potato to online potato collection
company.

e Itis one of the participants of the contract.

e Itis acomponent of home page.

e He has a name.

e Signs the purchase and

production of potatoes

contract.

e Produces Potato.

Defect (Object)

Table 4.6.3: Defect LEL symbol

Notion

Behavioral Response

e Problem found in a potato during the inspection.
e |t can be internal or external.
e |t is a component of home page.

e It has number.

e It helps to define the limit

of tolerance in Grade of

quality.

Potato purchase contract (Object)

Table 4.6.4: Potato purchase contract LEL symbol

Notion

Behavioral Response

e Object of the purchase and production of
potatoes contract.
e It has identification.

e Itisacomponent of home page.

e It is  produced

Producer.

by
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Potato store front (Subject)
Table 4.6.5: Potato store front LEL symbol

Notion

Behavioral Response

It is a component of the online potato collection
company.

It is the interface the customer uses to access the
services of online potato collection company.

It contains a home page and producer
registration.

It has a unique identification.

e It may enable producer

registration.

Home page (Object)

Table 4.6.6: Home page LEL symbol

Notion

Behavioral Response

It is the first page when customer accesses the site.
It has a welcome message.

It is a component of the potato store front.

It is composed by a producer, potato purchase

contract and defect.

e It may navigate to next

page.

Producer registration (Subject)

Table 4.6.7: Producer registration LEL symbol

Notion

Behavioral Response

It is the process for the registration of producer.
It is a component of potato store front.

It contains payment.

It has one or more employee.

It has a form.

It has identification.

e Determine the  future
actions of the producer.

e It registers the producer.
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Back office (Subject)

Table 4.6.8: Back office LEL symbol

Notion

Behavioral Response

e It is the interface that administrator uses to access
the online potato collection company.

e It is a component of the online potato collection
company.

e It may have one or more employee.

e It has a unique identification.

It manages online potato

collection company.

Payment (Verb)

Table 4.6.9: Payment course LEL symbol

Notion

Behavioral Response

e Itis the process of paying bill for the registration.
e Performed by the producer.

e It contains fraud detection and method.

The producer has access
to the online potato
collection company.

May have fraud detection.
May have methods to pay

bill for the registration.

Fraud detection (Subject)

Table 4.6.10: Fraud detection LEL symbol

Notion

Behavioral Response

e It is the process of detecting fraud in case of paying
bill for the registration.

e Itis composed of automatic and manual.

e It has transaction identification.

e |t keeps track of the producer registration.

It may enable manual
fraud detection.
It may enable automatic

fraud detection.
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Manual (Object)

Table 4.6.11: Manual LEL symbol

Notion Behavioral Response
e Itisa manual process of fraud detection. e It may detect fraud
e It has identification. manually.
Automatic (Object)
Table 4.6.12: Automatic LEL symbol
Notion Behavioral Response
e Itis an automatic process of fraud detection. e It may detect fraud

e It has a machine.

e |t generates aslip.

automatically.

Method (Subject)

Table 4.6.13: Method LEL symbol

Notion

Behavioral Response

e It is the process by which a customer can pay bill
to purchase the book.

e |t contains credit, debit and money order.

e It has a secret code.

e |t keeps track of modes of payment for producer
registration.

e |t has a machine.

e It makes payment for the

producer registration.
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Credit (Object)

Table 4.6.14: Credit LEL symbol

Notion

Behavioral Response

It is the method through which a producer can
pay bill for the registration.

It has a card.

It has a bank account.

It has an account holder.

It has card no.

e Producer has to enter pin

number.

Debit (Object)

Table 4.6.15: Debit LEL symbol

Notion

Behavioral Response

It is the method through which a producer can
pay bill for the registration.

It has a card.

It has a bank account.

It has an account holder.

It has a secret code.

e Producer has to enter pin

number.

Money order (Object)

Table 4.6.16: Money order LEL symbol

Notion

Behavioral Response

It is the method through which a producer can
pay bill for the registration.

It has an account.

It has a customer.

It has a receipt slip.

e Producer has to enter

money order number.
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The Transformation Process using a Case Study of the Potato Collection Company
The transformation process takes as the source model a LEL model from a case study of
the online book shop, and follows the steps described below to derive a UML class

diagram from LEL symbols of the online book shop:

The transformation rules

Rule 1: Transformation subject to class

By applying the transformation Rule 1 to the subject LEL symbol online potato collection
company shown in Table 4.6.1, the class shown in Fig 4.37 is defined.

Online potato collection company

+account

Fig 4.37: Online potato collection company class

Rule 2: Transformation object to class

The application of the transformation Rule 2 to the object LEL symbol potato purchase
contract shown in Table 4.6.4, gives as result the class and attributes shown in Fig 4.38.
We would have obtained the following attributes: identification.

Potato purchase contract

+dentification

+setldentification()
+getldentification()

Fig 4.38: Potato purchase contract class

Rule 3: Transformation subject behavioral response to method
Applying the transformation Rule 3 to the LEL symbol online potato collection company
shown in Table 4.6.1, the method described in Fig 4.39 is obtained.
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Online potato collection company

+inspect_potato()

Fig 4.39: Method of online potato collection company

Rule 4: Transformation subject information to method parameter

Same as Rule 4 in case study of admission process.

Producer

Online potato collection company

+account

+nspect potato()

-

Potato store front

1

Hdentfication

+enable_producer registration()

Hname

Proy

Back office

+dentfication

+manages_online_potato_collection_company()

+oroduces_potata()

Producer registration
! +dentification
+employee
1
Hegisters_producer)
Home page 1
1
Hmessage
0.1
+sethessage()
+getiessage()
Fraud detection
! +dentiication
+enable_manual_fraud_detection()
T
1' % 3 I{ \ \\
fier Potato purchase contract Manual Automatic
i sdentcaton sdentcation o
ﬁmﬂm% +setldentification() +setldentification() +setSip()
+getldentfication() +getldentfication() +etslin)

Method

+ode

+payment_producer registration)

7T

Credit Debit Money order
Hard +ode +eceiptsip

+etCard) +setCode() +setRecetSip)

+getCard() +getCode() +getReceiptdip()

Fig 4.40: Class diagram of online potato collection company
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Rule 5: Transformation LEL relationships to class relationships

By applying the transformation Rule 5 to the LEL symbols given below we obtain a

hierarchy, with method as the superclass and credit, debit and money order as subclasses.

Method (Subject)

Notion

It is the process by which a customer can pay bill to purchase the book.

It contains credit, debit and money order.

\

0 : Online potato collection company

account = 5678

PR : Producer reqistration

BO:

Back office

identification = 818

M : Method

code =313

D : Debit

MO : Money order

employee = 2
F : Fraud detection
identification = 212
MA : Manual A : Automatic C : Credit
identification = 414 slip = "received” card = "master”

code =616

receiptslip = y"

Fig 4.41: Object diagram of online potato collection company

It is the method through which a student can pay bill to purchase the book.

°
P : Potato store front
identification = 121
H : Home page
message = "abc”
Producer Potato purchase contract Defect
name = "Ram” identification = 999 number = 2
Credit (Object)
Notion
°
Debit (Object)
Notion
°

It is the method through which a student can pay bill to purchase the book.
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Money order (Object)
Notion
e It isthe method through which a student can pay bill to purchase the book.

Fig 4.40 shows the UML class diagram of the online potato collection company.

Transformation from Class Diagram to Object Diagram
By applying the transformation rules to the class diagram of the online potato collection

company shown in Fig 4.40, the object diagram shown in Fig 4.41 is obtained.
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Chapter 5

Future Scope and Conclusion

5.1 Conclusion

Software product line engineering established to be one of the most successful paradigms
for developing a variety of similar software applications and software-intensive systems
at low costs, in short time, and with high quality, by exploiting commonalities and
variability between products to attain high levels of reuse. The software reuse programs is
applied in an effort to improve productivity and quality, programs are decomposed into
appropriate cross-cutting building blocks, i.e., a building block affects many parts of the
combined program.AOP enables modular implementation of crosscutting concerns.
Using AOP, programmers get profit of modular reasoning for crosscutting concerns
whereas without AOP they did not. Aspects oriented technology is useful for solving the
problems of code scattering and tangling. The development of component reuse will
prompt to the reuse of aspect, as they were orthogonal in the system.

Domain analysis can be seen as an extension of the conventional requirements analysis
[4]. The primary advantage of domain analysis is that it provides flexibility. We have
done domain analysis of ATM with JODA and DADP. Code reusability is common in
both methods. JODA supports stability, coupling, cohesion, reusability and usefulness
while DADP supports reusability, expandability and flexibility. DADP focuses on design
also which can help identify problems and solutions also. The primary conclusion is that,
when done right, domain analysis is a significant undertaking. Yet there is evidence that a
significant benefit can be realized when reuse is systematically integrated into the
development process. Even though the effort for domain analysis may be high, it is
recommended that all steps must be taken in performing a domain analysis. Anything less
will add risks to the potential payoff of the domain analysis and associated reusable

assets.

Feature Model can be used as the source for software development in the context of

Domain Analysis. It describes commonalities and variabilities of systems within a
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domain. It would be essential to include linguistic approaches to achieve a better
processing of the information. In spite of the wide use of many semi-formal notations,
during the initial stages of software development, natural language is still chosen for
describing the requirements of a software system because it contributes to elicit, model,
and communicate requirements in an easy and friendly way [37, 38]. LEL provides a
complete description of an application.LEL helps to set and merge the domain concepts
allowing stakeholders to share a common vocabulary. It encourages and facilitates
stakeholders contribution and on the other side, the accurate structure and well-defined
construction process, it has made the manipulation of the information easier, and thus this
information may be reinterpreted into more formal descriptions for example, a UML
class diagram. The use of LEL and UML class diagram is motivated by the truth that
stakeholders frequently speak of product characteristics in terms of “the product has
and/or delivers” using them in order to communicate their problems, ideas and needs.
Here transformation processes, using natural language oriented requirements models
(LEL) to derive UML class diagram and object diagram from them are described. As the
elements in class diagram are in abstract form which represents the blue print while the

elements in object diagram are in concrete form which represents the real world object.

The features of the case study online transaction system are reused in other case studies.
The store front and back office features of the online transaction system are reused in
case studies of the admission process, ATM, online dairy farm, online book shop and
online potato collection company. Similarly payment, method, credit, debit, money order
and customer registration features of the online transaction system are reused in case
studies of the admission process, online dairy farm, online book shop and online potato
collection. The same way homepage feature of the online transaction system is reused in
case studies of the online dairy farm, online book shop and online potato collection. It

improves quality, increases productivity, reduces cost and time.

103



5.2 Future Scope

Even though the general notion of separation of concerns is an old idea, one can witness
the nascence of a research area devoted to the investigation of new techniques to maintain

advanced separation of concerns.

As future work, a new domain analysis method can be proposed for better domain
analysis and more quality attributes may be added to each domain analysis method and
steps can be improved to achieve this. It will increase the efficiency of domain analysis

methods incorporating the quality in domain analysis.

As future work, we must improve some transformation rules in order to attain a better
definition of the relationships between UML classes as well as between UML objects.
Though, we want to improve this transformation process by defining another
corresponding and independent model to capture and signify the relationships produced

by the application of the transformation rules.
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