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1 Introduction

The first Web site, created by Tim Berndrse and Robert Cailliau at CERN
(European Nuclear Research Center), consisted of a collection of documténts
staic content, encoded in the HyperText Markup Language (HTMlfce then,
the Web has evolved from an environment hosting simplestatat hypermedia
documents to an infrastructure for the execution of complex applications. Several
technologies have enhied the scenario and théeb has progressively become a
multi-domain platform, iering support nobnly for information delivery, but also
for application execution. Nowadaysomplex Web applications are almost
omnipresent[1]. From design and developmieof elaboratedveb systems comes

the needor a disciplinethatdealsall phases of realization.

Web Engineering is an engineering discipline that deals with all aspects of
developing wekbased applications[5]. Web Engineering needs to be a
multidisciginary field, encompassing inputs from diverse areas such as human
computer interaction, user interface, systems analysis and design, software

engineering, requirements engineering, hypermedia engineering, information



structures, testing, modeling and slation and project management, as well as

social sciences, arts and graphic design, [3, 5].

Software
Engineering

Multimedia Hypertext

Human-Computer " Web
Interaction -. Engineering

Requirements
Engineering

w
. i Information
Testing b Engineering
Modelling and System Analysis
Simulation and Design

Figure 1.1 - Web Engineering

Contrary to the perception of some professionals, Web Engineering is not a

clone ofsoftware engineering, although both involve programming and software
development While Web Engineering uses software engineenimigciples, it
encompasses new approaches, methodologies, tools, techniqugsidatides to

meet the unique requirements Web-based systems. As previoushtated,
development of Welbased systems is much more than traditional software
development. There are subtle differences in the nature and lifecycle ebd¥et
andsoftware systems, as wel |l velaped anche way

maintained [3].

As Powell writes, Welb a s e d systems Ai nvol ve mi xt
publishing and software development, between marketing and computing, between
i nternal communications and external rel
(Powell, 2000).



The purpose of this thesis is to study what are the development models suited to
the Web Engineering process starting from the classical SE and investigate the

effective application in real business environments.

This thesis will try toexplan, also, aghe Web Engineering has found space in
web developmentompanies and possibly understand why this doctrine is or is not

currently adopted within the actual development process.



2 The Web Engineering Problem

Web applications are multidisciplinaryhey are built in a constantly changing
environment where requirements are unstable and the development asams
typically small. The user community is wider than before and competition may be
spread across the world. Quality Web applications need tesdlegle, functional,
reliable, maintainable, scalable and secufg]. The need to meet these
requirements in increasingly shorter time has necessitated the creation of

development processes evolved for the development of quality web systems.

A web develoment process analyzes and describes the various steps and
activities that allow the creation of web applications. It defines a set of clear and
distinguishable guidelines, which can be followed during each stage of

development, [3].

The models for the wellevelopment process are many, certainly in numbers
far higher than traditional models for developing software. These models can be

divided into three categories:

1 Standard development processes



1 Developmenprocesses proposed in the literature

1 Development pcesses used insidempanies

2.1 Standard development processes

The Software Engineering is certainly the primaoyrce to which it is drawn

in carrying out the process of developing web applications.
The models in the SE and then adjusted to the Web Emgigese:

Waterfall Model

Spiral Model

Unified Model
ComponenBasedModel
eXtreme Programming
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2.1.1 Waterfall Model

The waterfall model is probably the most popular process model and still is the
most widely used in many situations. The model is divided itatges that begin
only after completion of the previous stage and each stage produces an essential
document for the next phase, [6fages of the process aRequirements analysis
and definition, System and software design, Implementation and unit testing
Integration and system testing, Operation and maintenafice main drawback
of the model is its inflexibility that allows its use in situations where the
requirrments change or emerge in lgitbaseg[1].

2.1.2 Spiral Model

In the spiral model process is repented as a spiral where each turn represents
one phaseEach rounds further divided into stages. Stages of this process are:
Objective setting, Risk assessment and reduction, Development and validation
Planning The main advantage given by this deyghent process is the possible
risk assessment at each stage Tl adaptednodel for Web Engineering is very

similar to that produced by Bohem in Software Engineering, [1].



2.1.3 Unified Model

The Unified Model is an adaption for wdlased development dinified
Software Development Proce@dnified Process)The process divides the work
into workflows that coincide with the phases used in the cascade mideh
workflow consists of four phasesinception, Elaboration, Construction,
Transition [1]. The advatage of this model is the planning of iterations in terms
of risks and priorities, a feature allowed by the management of risk in the process,

[8].

2.1.4 ComponentBased Model

The process of componebased development is a rewmgented approacthat
leveragescomponents already available without the need to implement common
web application to share projects already carried out ed@ieiThe initial stages
of analysis and requirements definition are quite similar to the waterfall model,
while the intermedie? stages of the process regarding the analysis of available
components and the integration of these components within the sydtermain
advantage of the process is the saving code to be developed, reducing costs, risks

and delivery times, [6].

2.1.5 eXtreme Programming

The eXtreme Programming (XP) belongs to the category of agile process. In it
all requirements are expressed in the form of scenarios, tested and implemented
directly, [6]. Extreme programming techniques to develop web systems are many
but theyall share four basic elementS8ommunication, Simplicity, Feedbaakd

Courage [4].

2.2 Developmentprocesses proposed in the literature

After initial use of software processes from the SE and the evolving web

technologies, Web Engineering has begun to utaleishe need for development



processes specifically designed for web applications and to meet the requirements
that only this type of systems includd® meet these requiremertte following

web development procesdesve been done:

1 Online Evolution Moeél

WebML

Web Semantics Design Method

ObjectOriented Hypermedia Design Method
WebHelixandAugmented WebHelix

Modified Prototype Method

UserExperience DesigandUserCentered Design
Agile UX
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2.2.1 Online Evolution Model

The Online Evolution Model is a web déepment process divided tm five
main phases: Requirements analysis,Design, Implementation, Testing,
Maintenanceand Evolution The difference that distinguishes it from the classical
models is its vision of the release of the application, no longeraseanactivity

but as a transitiorhe scheme ifrigure 2.1 shows the process structure

Build and Test Cycle

equirements _ ) _ : _
Analysis Design | Implementation
|
|
Testing -~

. and Evaluation
Evolution Cycle

| Deployment
v

Maintenance
and Evolution

Figure 2.11Online Evolution Model cycles

The model offers an explicit connection betwédaintenanceand Evolution

andRequirements Analysi$his connection is the second cycle which is involved



therequirements analysis, this cycle is calledlution Cycle, hence the name of
the development processhe first cyclewhich involves it, also includes the

phags of Desgn, ImplementatiorandTesting is calledBuild and Test Cycle

The two cycles correspond to the two key stages of the implementation of a

web applicationOffline DevelopmerandOnline Evolution[1].

2.2.2 WebML

The WebML model is an evolution of the spiralodel The process is
characterized by the combination of concepts already known in SE (UML, ER

model) and new methods for designing web applicatidsj.

The approach is applied iteratively and incrementally, each step is repeated and
refined until the esult does not match the requiremeAtseach iteration, after the

new changes, the current version is tested and evaluated.

A

Maintenance and
Evolution

Implementation

Testing and
Evaluation

Application
Design

Requirements |
Analysis

Figure 22T We b ML 6s phases

The phases of the process:are



1 Requirements analysis

1 Application Designdivided into phases dbata Designand Hypertext
Design. These stages first organized and processed data from the

analysis phasafterthedataare transformed into patterns and designs.
1 Implementation
1 TestingandEvaluation

i Mainteranceed Evoltion

2.2.3 Web Semantics Design Method

The Web Semantics Design Method (WSDMpree of theearly development
processes implemented for web applicatioise model isaudiencedriven or

elsebased on analysis of requirements of different typesefsuaudience).
The development process is divided into five phases:
1 Mission Statement

1 Audience Modelingdivided in Audience Classificatio and Audience
Characterization In this phaseclasses of users and defihehe

requirements for each clagseidertified.

1 Conceptual Designdivided into Taskand Information Modelingand
Navigation Design The phase involves design, modeling and
verification tasks in the design and structure of the application
(navigation).

1 Implementation Desigrat this stagdhereare designed pages, layout,

graphics and database.

1 Implementation



Phases Design Models

Mission Statement Mission statement

Audience Modeling

Audience Audience Audience model
Classification Characterization

f Conceptual Design

Object chunks,
Task & Information navigation models

Modeling

Navigation Design

Implementation Design

Site Structure Design | Presentation Design Si del
b o - -4 Ite structure mode ,

page models,
logical data models

Logical Data Design

Implementation

Figure 2.31 The phaseof WSDM Model

Figure 2.3 shows the phases of the development process and models that are

produced within each1].

2.2.4 Object-Oriented Hypermedia Design Method
ObjectOriented Hypermedia Design Method (OOHDM) provides an

abstraction for objeatriented analysis and design of web applications.

The development process makes extensive use of UML models at every stage,

as show in Figure 2.4, [1].

10



Phases Design Models

Use cases, scenarios,

Requirement Analysis ) h )
User interaction diagrams

Conceptual Design Class diagrams
)|

Navigation Design

Navigation views,
Navigation context schemas,
Navigation charts

Navigation views design | Navigation Context Design |

Navigation charts design

Abstract Interface Design

- : \ Abstract data views,
\ Abstract Data View Design | | Configuration Design. Configuration diagrams,

ADV charts

ADV chart design |

Implementation

Figure2.4 - OOHDM

The process phases consist of the following
1 Requirements Analysis

1 Conceptual Designat this stage the principles of objexiented

programming (OOP) models madethe analysis phasee applied
1 Navigation Design

1 Abstract Interface Desigrihe next to laststep follows the principles of
OOP to design and model user interfaces within the application.

1 Implementation

2.2.5 WebHelix and Augmented Web Helix

The process Wehglix (WH) uses a modified version of the spiral model for
developing a web applicatiohe model is divided into three stages, each of

which contains its own internal process stépgure 2.5.

11
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Figure 2.5 - Web Helix

The first stage is sequential and contains phaseBusiness Analysiand
Planning The second stage is divided irgiices Each slice contains a set of steps
thatare repeated until it reaches the final versibme last stage includes te&eps

of DeployandMaintain, [2].

The main problem with the WH process is the lack of a yardstick to determine
when the applicatiortan be releasedr if it need another slice The process
Augmented WebHelix (AWH) is an evolution of WH, which includgssondary
stepsfor determining when an application is complete and requires no further

slice.

2.2.6 Modified Prototype Method

The Modified Prototype Method (MPM) is an iterative model in which the user
is involved in every stagdn the MPM web application is impmented through
the development of prototyped/hen the prototype is ready,is used and tested
by users. fithe feedbacks are positive, the process proceeds with other prototypes

or with the application release, [3].

12



Design and

Initial Implement Refine Prototype Release and
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L |

Figure 2.6 - Modified Prototype Method

The phases of the process are analyzed in Figurél2]6

2.2.7 User-ExperienceDesignand User-Centered Design

User-experience desigr(UX) is a subset of the field of experience design that
pertains tohe creation of the architectuasmd interaction models that impact user
experience of a device or systeds user experiencé subjective it cannot
actually be "designed". Instead, you can design for a user experience, trying to
enable certain kirglof experiences. The scope of the field is directed at affecting
al | aspects of the userds interadtion
and used, [18].

The UX defines a sequence of interactions betwbkeniser andhe system to
understand uséraeeds and objectives aatlthe same timecheck that they meet

the requirements of the system [12].

One of the models for designing the user experience is theQGdseered

Design.

The User-Centered Design(UCD) is a developmergrocess in which the user
plays an active role in every stage, from analysis to the issue of apd#jgin
each stagehe requirements, needs and limitations of the aselguided. The
process is based aerationof various tools of analysis or observation, design and
verification [15].

The main strength of the UCD tke adaptation of the development process to
the real needs and habits of the end ,uséthout forcing them toadaptthe

application [14].

13

Wi



The development process is regulated by some ISO standal@&O 13407,
Human-centered design processThis rule establishes four key activities for the
process of UCD

1 Specify the context of use
1 Specify the requirements

1 Create design solutions
1

Evaluate the design

Only when design solutions reflect the requirementsy the product can be
released and fully implementgd5].

0 Analysis o Design

* Understand and specify the content * Develop design concepts and
of use screen flow

e Specify user ad organisational -~ e Create low and high-fidelity
requirements Usasa prototypes

o)
o Evaluate 2{%.

e Implement

¢ Conduct user surveys to get user ® Conduct heuristic evaluations
feedback and usage patterns and/or usability testing
* Monitor and analyse web traffic * Perform design iterations to fix

issues

Figure 2.7 Fundamental Activities of User-Centered Design

Figura 2.8 7 Development Cycle oUCD

Figures 2.7 and 2.8 analyze in detail the activities of the UCD and the
importance that the user plays in every stgbe, 19].
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