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Universidad Autónoma de Sinaloa, México
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Abstract. In Software Engineering (SE), a system has properties that
emerge from the combination of its parts, these emergent properties will
surely be a matter of system failure if the Non-Fuctional Requirements
(NFRs), or system qualities, are not specified in advance. In Web Engi-
neering (WE) field occurs very similar, but with some other issues related
to special characteristics of the Web applications such as the navigation
(with the application of the security). In this paper, we improve our
Model-Driven tool, named WebREd-Tool, extending the requirements
metamodel with a NFRs classification, the main idea is to help the Web
application designer with the NFRs specification to make better design
decisions and also to be used to validate the quality of the final Web
application.

Keywords: Web Engineering, Requirements Engineering, Softgoal,
GORE, i-star, A-OOH, NFRs, WebREd-Tool, MDE, MDD.

1 Introduction

Throughout the years, several methods for the development of Web applications
(OOWS [1], WebML [2], NDT [3] and UWE [4], A-OOH[5]) have emerged [6],
regrettably, only a few offers methodological support for the Requirements En-
gineering (RE) stage. Nevertheless, the complexity and continuos evolution of
the Web applications demands the development of methods and tools (specially)
for helping the developer’s to perform the RE process [7] in order to improve
the Web Engineering (WE) field. In this respect, the developer needs solutions
(tool support) that take into account both Functional (FR) and Non-Fuctional
(NFR) Requirements from the beginning of the Web application development
process, what undoubtedly, will help to assure that the final product corresponds
qualitatively to the users expectations. Functional Requirements (FRs) describes
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the system services, behavior or functions, whereas Non-Fuctional Requirements
(NFRs), also known as quality requirements, specify a constraint in the applica-
tion to build or in the development process [8].

An effective definition of requirements improves the quality of the final prod-
uct, in this context, NFRs are critical to the successful implementation of almost
every non-trivial software system, this is evidenced by the fact that many docu-
mented system failures are directly attributed to the inadequate implementation
and maintenance of NFRs [9]. Unfortunately, in most of the Web Engineering
approaches, a complete analysis of requirements is performed considering only
FRs, thus leaving aside the NFRs until the implementation stage [10]. Following
this evidency, there have been many attempts to provide techniques and meth-
ods to deal with some aspects of the RE process for the development of Web
applications, but there is still a need for solutions which enable the designer
to consider both FR and NFRs involved in the Web application development
process [11] from the initial stage (requirements stage).

As a fact, requirements are ambiguous during elicitation process, but the in-
troduction of the concept of goals helps in dealing with ambiguity and clarifying
requirements. In recent years, the inclusion of Goal-oriented Requirements En-
gineering (GORE) in Web Engineering [7,5,12] offers a better analysis in Web
application design due to the fact that requirements are explicitly specified in
goal-oriented models, thus supporting developers in evaluating the implementa-
tion of certain requirements (FR and NFRs) for desigining successful software
and the ability to reason about the software, the organization and the stake-
holders goals in the same analysis. This has allowed the stakeholders to choose
among the design decisions that can be taken to satisfy the goals and evalu-
ate the implementation of certain requirements in particular (including NFRs).
In this field, FRs are related to goals and sub-goals whereas NFRs are named
softgoals, commonly used to represent objectives that miss clear-cut criteria,
thus, analyzing Non-functional Requirements in terms of goals help in refining,
exploring alternatives and resolving conflicts.

This paper is as extension of our recent work [12] about the importance of
take into account those components from Requirements Engineering (RE) which
are not considered with the necessary emphasis in Web Engineering field such
as: Change Impact Analysis (CIA)[13,14], Requirements Traceability (RT) [15]
and Non-Functional Requirements Optimization [16]. To this aim, we improve
our Model-Driven tool named WebREd-Tool1 adopting a NFRs classification in
order to support the designer to make better design decisions and also to be
used to validate the quality of the final Web application. In particular, the nov-
elty of our ongoing work presented in this paper consists of: (i) the conduction
of a literature review related to NFRs classification; (ii) the realization of an
analysis of the most common Non-Fuctional Requirements used in Web and the

1 The WebREd-Tool was the best demo tool and poster winner in the International
Conference on Web Engineering 2012 (ICWE), developed in conjunction by the
Universidad Autónoma de Sinaloa (Mexico), University of Alicante (Spain) and the
Universidad Politécnica de Valencia (Spain) [17].
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elaboration of a proposal for a basic classification of Non-Functional Require-
ments for Web Engineering, to do it, six type of NFRs have been considered due
to they are the most commonly used in the Web Engineering field: Usability,
Performance, Reliability, Safety, Security and Efficiency; (iii) the integration of
NFRs classification in the Web requiremens metamodel used by the WebREd-
Tool for requiremens specification, the integration consist in the specialization
of the softgoal element from the graphic language used by the WebREd-Tool for
Web requirements specification (i* modeling language [18]).

The main benefit of our approach is that provides specific information about
the different NFRs involved during the development process from the initial
stage, thus allowing developers to make more informed design decisions for im-
plementing a Web application that fully-satisfies the user expectations. Finally,
it is important to mention that the WebREd-Tool is the proof of concept of
our Goal-oriented Requirements Engineering (GORE) approach for requirements
specification in Web Engineering [6,12].

The rest of the paper is organized as follows: Section 2 presents some related
work relevant to the context of this work. Section 3 describes our GORE proposal
where is found the contribution of this work. In Section 4, our Model-Driven
tool, WebREd-Tool, is shortly described. The specialization of the requirements
specification for the NFRs and its application is described in Section 5. Finally,
the conclusion and future work is presented in Section 6.

2 Background

Recent studies with regard to Requirement Engineering techniques for the de-
velopment of Web applications [19] have highlighted that most of the Web En-
gineering approaches focus on the analysis and design stages and do not give a
comprehensive support to the requirements stage (such as WebML [2], OOHDM
[20], WSDM [21] or Hera [22]). In some cases, NFRs are considered in a very
general manner by almost all the approaches and only two of them, namely NDT
and WebML, also provides dedicated tool support, as reviewed in [2] and [3].

Regarding approaches that consider NFRs requirements from early stages of
the development process, in [23] the authors propose a metamodel for represent-
ing usability requirements for Web applications and in [10] the authors present
the state-of-the-art for NFRs in Model-Driven Development (MDD), as well as
an approach for considering NFRs into a MDD process from the very beginning
of the development process. Chung [24] adopted a goal and process-oriented ap-
proach in NFR framework for dealing with Non-Functional Requirements using
AND/OR tree. This framework was focused on quality goal satisficing where as
Dardenne [25] proposed a goal-based framework with a focus on goal satisfaction.
Unfortunately, these approaches are not designed to be used in the Web Engi-
neering field. To the best of our knowledge, the only approaches that use GORE
techniques in Web Engineering have been presented in [26,27]. Unfortunately,
although these approaches use the i* modeling framework [18,28] to represent
requirements in Web domain, they do not benefit from every i* feature because
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don’t use all the expressiveness of the i* framework to represent the special type
of requirements of the Web applications such as the related with navigational
issues. To overcome this situation, our previous work [12] adapts the well-known
taxonomy of Web requirements presented in [29] for the i* framework.

To sum up, there have been many attempts to provide techniques and methods
to deal with some aspects of the Requirements Engineering process for Web
applications. Nevertheless, there is still a need for solutions that considers NFRs
from beginning of the Web application development process in order to improve
the quality of the Web application perceived by users.

3 A Goal-Oriented Modeling Framework Applied in Web
Engineering

This section describes our proposal to specify requirements in the context of
the A-OOH (Adaptive Object-Oriented Hypermedia method) Web modeling
method [30]. A-OOH is an extension of the OOH (Object-Oriented Hyperme-
dia) [31] method with the inclusion of personalization strategies. This develop-
ment method is combined with a modeling language named i* for requirements
specificication. The i* (pronunced eye-star) is one of the most widespread goal-
oriented frameworks, its has been applied for modeling organizations, business
processes, requirements specifications and requirements analysis, among others.
As a goal-oriented analysis technique, the i* framework focuses on the descrip-
tion and evaluation of alternatives and their relationships to the organizational
objectives [12].

We shortly describe next an excerpt of the i* framework which is relevant
for the present work. For a further explanation, we refer the reader to [18,28].
Essentially, the i* framework consists of two models: the strategic dependency
(SD) model, to describe the dependency relationships (represented as ) among
various actors in an organizational context, and the strategic rationale (SR)
model, used to describe actor goals and interests and how they might be achieved.
Therefore, the SR model (represented as a dashed circle ) provides a detailed
way of modeling the intentions of each actor (represented as a circle ), i.e.,
internal intentional elements and their relationships:

– A goal (elipse ) represents an (intentional) desire of an actor. Interest-
ingly, goals provide a rationale for requirements but they are not enough
for describing how the goal will be satisfied. This can be described through
means-end links ( ) representing alternative ways for fulfilling goals.

– A task (hexagon ) describes some work to be performed in a particular
way. Decomposition links ( ) are useful for representing the necessary
intentional elements for a task to be performed.

– A resource (rectangle ) represents some physical or informational entity
required for the actor.

– A softgoal (eight-shape ) is a goal whose satisfaction criteria is not clear-
cut. How an intentional element contributes to the satisfaction or fulfillment
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of a softgoal is determined via contribution links (
help

hurt ). Possible labels for
a contribution link are “make”, “some+”, “help”, “hurt”, “some-”, “break”,
“unknown”, indicating the (positive, negative or unknown) strength of the
contribution.

Even though i* provides good mechanisms to model actors and relationships
between them, it needs to be adapted to the Web Engineering domain to re-
flect special Web requirements that are not taken into account in traditional
requirement analysis approaches. As the A-OOH approach is UML-compliant,
we have used the extension mechanisms of UML in order to adapt the i* mod-
eling framework to the taxonomy of Web requirements (Content, Service, Navi-
gational, Layout, Personalization and Non-Functional Requirements) presented
in [29]. To do so, (i) we defined a profile to formally represent the adaptation of
each one of the i* elements with each requirement type from the Web require-
ments clasification adopted [5]; and (ii) we implemented this profile in an EMF
(Eclipse Modeling Framework) metamodel adding new EMF clases according
to the different kind of Web requirements: the Navigational, Service, Person-
alization and Layout requirements extends the Task element and the Content
requirement extends the Resource class. It is worth noting that NFRs, until now,
can be modeled by directly using the softgoal element. In Figure 1 can be seen
an extract of the EMF metamodel for Web requirements specification using the
i* framework. The metamodel has been implemented in the Eclipse [32] IDE
(Integrated Development Enviroment).

Fig. 1. An overview of the original i* metamodel implemented in Eclipse (EMF)

The development process of this method is founded in the MDA (Model-
Driven Architecture) [11]. MDA is an OMG’s standard and consists of a three-
tier architecture with which the requirements are specified at the Computational
Independent Model (CIM), from there are derived the Web application concep-
tual models which corresponds with the Platform Independent Model (PIM) of
the MDA. Finally, the Web application conceptual models are used to gener-
ate the implementation code; this stage corresponds with the Platform Specific
Model (PSM) from the MDA standard. A crucial part of MDA is the concept of
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transformation between models either model-to-model (M2M) or model-to-text
(M2T). With the M2M transformations is possible the transformation from a
model in other one. To use the advantages of MDA, our proposal supports the
automatic derivation of Web conceptual models from a requirements model by
means of a set of M2M transformation rules defined in [6,12].

4 The WebREd-Tool

The WebREd-Tool2 is a set of Eclipse [32] plugins that have been developed
to assist the designer in the early phases of a Web application development
process. With the WebREd-Tool, the designer can specify the Web application
requirements by using the i* modelling framework. The WebREd-Tool assists
the designer comparing different configurations of functional requirements, while
balancing and optimizing non-functional requirements based on the Pareto ef-
ficiency [33]. The WebREd-Tool is based on the Model-Driven Development
(MDD) paradigm applied in the context of the Web Engineering, this special-
ization of the MDD is called Model-Driven Web Engineering (MDWE) [11].

Fig. 2. WebREd-Tool implemented in Eclipse

2 http://code.google.com/p/webred/

http://code.google.com/p/webred/
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The tool development consists of three main parts. The first one consists on
the implementation of the adapted i* modeling framework for the Web domain.
This adaptation was made by defining a EMF (Eclipse Modeling Framework)
[34] metamodel and creating a specific class for each type of component of the
i* framework (see Figure 1). In the second part, the metamodel was used within
the GMF (Graphical Modeling Framework) [35] to create a graphical editor (see
Figure 2). With the graphical editor, the designer can specify the Web applica-
tion requirements in a graphical environment using the i* components such as
goals, tasks, softgoals, decomposition, means-end and contribution links and the
Web requirements types including service, navigational, content, personalization
and layout. The tool-box is shown on the right side of Figure 2, including the
aforementioned modeling elements. The third part is the implementation of the
Pareto algorithm and, based on it, the visualization of requirement configura-
tions.

The WebREd-Tool provides user support on issues such as Change Impact
Analysis [13] and [14], Softgoal optimization [17] and [16], as well as require-
ments traceability [15] in a Model-Driven Web Engineering context [6]. Further
explanation is available at [11] and [17].

Although this work was perceived in the context of the A-OOH method [12], it
is in fact a stand-alone, independent approach that can thus be used in any Web
Engineering method. Finally, this proposal supports an automatic derivation
of Web conceptual models from a requirements model by means of a set of
transformation rules, the derivation of the Web application source code is still
in development.

5 Softgoal Specialization

It is worth noting that the development of Web applications have some particular
requirements that differs from the traditional requirements, especially when it
comes to Non-Functional Requirements. These type of requirements are defined
and clasified in the seminal work of [36], based on the literature review performed
[9], in this work, we propose the definition of six types of NFRs. An overview of
each kind of NFR for Web Engineering is described below:

– Usability. Refers to the user’s ability to use the Web application without
requiring any special training.

– Performance. It is used to describe the best use of the resources, it is related
to performance.

– Reliability. Its the capability to maintain the performance of the Web appli-
cation over the time without losing throwput.

– Safety. It is used in order to ensure that the Web application will do only
what it is meant to do.

– Security. Refers to protect all the information managed in the Web applica-
tions, including the session management and the user authentication.

– Efficiency. Represents the optimal use of resources, for example the server
requests.
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This classification of NFRs for Web Engineering is used in order to extend the
i* framework. Specifically, this classification will be used to enrich the expres-
siveness of the Softgoal element from the i* modeling framework. A softgoal
is an objective without clear-cut criteria [28] and can represent Non-Functional
Requirements and relations between Non-Functional Requirements in a goal-
oriented modeling context. To this aim, it was necessary to modify the original
Web requirements metamodel (see an extract of the metamodel in Fig. 1) in
order to extend the definition of the softgoal element in a similar form as was
done in our previous work [12] to adapt the FRs classification presented in [29]
(see Fig. 3).

Fig. 3. An overview of the i* metamodel modified with the NFRs taxonomy

Once the i* framework was entended with the softgoal specialization, the
next step consisted in making a re-engineering process in order to build a new
GMF editor, thus integrating new elements to the tool-bar to be able to use the
abstract syntax (metamodel), ie the representation of each one of the elements
to represent the Non-Functional Requirements.

6 Conclusions and Future Work

In this work, we have presented an extension to our goal-oriented RE approach
for the development of Web 1.0 applications named WebREd-Tool. Seeing that
a Web application architecture is composed of a collection of design decisions,
each design decision can help or hinder certain NFRs. Thus, current tools and
methods are focus on expressing components and connectors in the Web appli-
cation, therefore, design decisions and their relationships with Non-Functional
Requirements are often captured in separate design documentation. This disas-
sociation makes architecture comprehension and architecture evolution harder.
In this work, our proposal offers several advantages such as including the spec-
ification of Non-Functional Requirements from the requirements analysis stage
considering the design decisions from the initial stages of the Web application
development process. Since it is supported under a MDA-based process, it re-
flects the requirements captured in the final product. Future work consists in:
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(i) the development of a set of model-to-model transformations test, (iii) the
reengineering process in order to verify all the original functions of the WebREd-
Tool (requirements traceability, change impact analysis and softgoal optimiza-
tion) and (iii) the integration of our goal-oriented approach in a full-MDD so-
lution for the development of Rich Internet Applications (RIA’s) within the
OOH4RIA approach [37].
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