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Model-driven development has become more and more important in the last few years. In the context
of web application development, many web Engineering methods that propose model-driven development
processes have appeared. However, earlier stages of these processes are seldom considered and few of these
methods rigorously face the problems of specifying web application requirements and translating them into
the proper conceptual model. However, it is widely recognized that requirements engineering activities are
essential to obtain quality software products.

This article surveys Model-driven web engineering methods in a comparative study and analyzes the
techniques proposed for specifying functional, data and navigational requirements as well as the mecha-
nisms provided for automatically translating these requirements into conceptual models. Our main goal
is to provide a critical view of the support that is provided by these methods for handling web application
requirements in order to show their current limitations and strengths.
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1. INTRODUCTION

Model-Driven Development (MDD) [Mellor et al. 2003] claims that software systems
must be developed through the use of models. MDD processes usually start to de-
velop a software system with a requirements phase in which a requirements model
is defined to describe the user’s needs in a computation-independent way. Then, this
model is refined into one or more conceptual models that describe the system without
considering technological aspects. These conceptual models are focused to be used in
analysis phases. Finally, these models are (1) either refined into design models that
describe the system by using concepts of a specific technology and are then translated
into code, or (2) directly derived to code if they contain enough information to imple-
ment the software product in a precise and complete way.
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Currently, different factors allow us can consider MDD to be a reality. On the one
hand, a myriad of methods have appeared in the recent years that propose either
models based on the Unified Modeling Language (UML) or Domain-Specific Model-
ing Languages (DSL) to construct software from models. In addition, the emergence
of MDD methodologies is encouraged by the Model-Driven Architecture (MDA) from
the Object Management Group [OMG 2005]. New technologies for supporting MDD
are also being developed. There are technologies such as Ecore, the Eclipse Modeling
Framework (EMF) and Graphical Modeling Framework (GMF), both associated to the
Eclipse Modeling Project,1 or the DSL tools, which are integrated into MS Visual Stu-
dio, that allow us to create CASE MDD tools. There are also technologies such as ATL
(ATLAS Transformation Language), XPAND, QVT (Query/View/Transformation), or
MOFScript, which allow us to specify and execute model transformations. All these
technologies underscore the fact that MDD can be put into practice.

From the perspective of web application development, current web engineering
methods are not oblivious to these MDD trends. There are methods such as OOHDM
[Schwabe et al. 1996], UWE [Koch 2000], WSDM [De Troyer and Leune 1998], OOWS
[Fons et al. 2003a] or WebML [Ceri et al. 2003] that propose developing web applica-
tions by means of models. All these methods introduce conceptual models that allow
us to describe web applications in a technology- independent way. Additionally, most
of these methods propose tool-supported strategies that allow us to automatically or
systematically generate code that is equivalent to the abstractions created at the con-
ceptual level. These methods have been successfully applied in the development of sev-
eral web applications [Acerbis et al. 2007; Fons et al. 2003b; Schwabe and De Almeida
Pontes 1998], which is the proof that the implementation of web applications through
the construction of conceptual models and their later refinement into code is possible.
However, the specification of web application requirements is faced with less atten-
tion. In particular, little support is provided (1) to construct a requirements model to
properly capture the user needs that must be supported by web applications and (2) to
derive the conceptual model that satisfies the specified requirements.

This work presents a detailed study about the existing support to capture require-
ments in the context of model-driven web engineering methods [MDWE 2007]. Re-
quirements are usually classified into early requirements, which refer to organiza-
tional aspects [Preciado et al. 2005; Schwinger and Koch 2006] and late requirements,
which refer to the expected functions of a software system. In this work, we focus
on late requirements. Within late requirements, we can find requirements related to
different aspects such as functionality, data, navigation, adaptability, interface, and
so on. In this work, we focus on analyzing functionality, data and navigation require-
ments since those are the ones that are mainly considered in the context of MDWE.
Although also important, the other types of requirements are planned to be analyzed
in further studies.

Thus, we analyze nine MDWE methods with regard to two main aspects: (1) tech-
niques proposed to specify functional, data and navigational requirements and (2)
mechanisms provided to support the treatment of these requirements within a MDD
context. We also demonstrate the applicability of the proposed RE techniques with
respect to a given web application example. The main objective of this analysis is to
provide a critical view of the support that is provided by MDWE methods for handling
web application requirements in order to throw some light on their current limitations
and strengths.

The rest of this article is organized as follows. Section 2 presents a chronological
overview of the MDWE methods that support the development of web applications.

1http://www.eclipse.org/proposals/modeling/
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This section also indicates which methods have been selected to be studied in detail
and the reasons for this selection. Section 3 introduces the criteria used to evaluate
each method as well as a running example. Section 4 presents the study about how
MDWE methods support requirements specification activities. Section 5 presents a
report on lessons learned, summarizing the strengths and limitations of the methods.
Section 6 compares this survey with other existing ones. Finally, conclusions are com-
mented on in Section 7.

2. MDWE METHODS: A CHRONOLOGICAL OVERVIEW

Several MDWE methods for developing web applications have been presented through-
out the published literature. Some of these methods are focused on the definition
of new techniques for modeling and designing web applications and, although some
of them consider requirements in an indirect way, they do not introduce an ex-
plicit requirements phase in their development processes. They are the following:
HDM (Hypermedia Design Method) [Garzotto et al. 1993], The MacWeb Hyperme-
dia Development Environment [Nanard and Nanard 1995], EORM (Enhanced Object-
Relationship Model) [Lange 1996], the Araneus Project [Mecca et al. 1999], WebCom-
position [Gellersen and Gaedke 1999] and WUML [Kappel et al. 2001].

There are other methods that acknowledge the need of requirements activities and
include a requirements stage in their development processes. However, different sup-
port is provided to specify web requirements within the proposed requirements ac-
tivities. On the one hand, there are some approaches that either propose the use of
existing requirements specification techniques defined for traditional software (non-
Web) development or do not propose any concrete technique. These approaches are
the following: RMM (Relationship Management Methodology) [Isakowitz et al. 1995],
the OO/Pattern Approach [Thomson et al. 1998], HFPM (Hypermedia Flexible Process
Modeling) [Olsina 1998], RNA (Relationship Navigation Analysis) [Yoo and Bieber
2001], Hera [Frasincar et al. 2002], Conallen’s approach [Conallen 1999], the Design-
Driven Requirements Elicitation approach [Lowe and Eklund 2002] and the GX web
Engineering Method [Souer et al. 2007]. On the other hand, there are other approaches
that propose new proprietary techniques or extend traditional ones to specify web ap-
plications requirements. They are: OOHDM, WSDM, UWE, SOHDM, WebML, OOH,
OOWS, W2000 and NDT. This survey is focused on the analysis of these methods since
they propose new techniques specifically created for specifying web requirements. The
goal of this analysis is to provide a precise view of the efforts that are currently being
done in order to improve the specification of web requirements. Before presenting this
analysis, we introduce the criteria used to study them.

Figure 1 shows an overview of the methods introduced in this article. They are
chronologically ordered by the year of the first publication that we know.

3. ANALYSIS SET UP

In this section, we explain that aspects have been considered to analyze each method
and why. We also introduce the running example that has been used to put into prac-
tice the requirements techniques proposed by each method.

3.1 Evaluation Criteria

The objective of this survey is to provide a critical analysis of how requirements spec-
ification activities are supported in the context of MDD of web applications. Then,
we evaluate the requirements models that have been proposed by ten web engineer-
ing methods from two perspectives: the requirements specification perspective and
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Fig. 1. Chronological overview of MDWE methods.

the model-driven perspective. The evaluation criteria used for each perspective are
explained in the following sections.

3.1.1 Evaluation of the Requirements Specification Perspective. In the evaluation of the re-
quirements specification perspective, we study how the functional, data and naviga-
tional requirements are specified by each method. In order to choose the types of
requirements to be studied, we performed an initial review of the published literature.
From this review, we checked that most of the published papers about web require-
ments in MDWE methods focus on the capture of these kinds of requirements and
other types of requirements such as adaptation, scalability or performance are little
considered. Thus, we consider the capture of functional, data and navigational require-
ments to be one of the most important challenges that MDWE methods are currently
facing, and then we focus this survey on these types of requirements.

A definition of each type of requirement and the criteria to evaluate its specification
are presented in the following.

(1) Functional requirements (FR) describe fundamental actions that must take place
in the software [IEEE 1998]. The evaluation criteria used for analyzing the speci-
fication of functional requirements are defined from the different aspects proposed
by the IEEE standard 830-1998 [IEEE 1998] to be included in a functional re-
quirements specification. We evaluate if the functional requirements specification
includes:
— validity checks on the inputs (FR1)
— exact sequence of operations (FR2)
— responses to abnormal situations (FR3)
— effect of parameters (FR4)
— relationship of outputs to inputs (FR5)

(2) Data requirements (DR) describe the data that must be specified within a system
[Ashworth 1989]. If these data are stored in a database, these requirements are
also known as logical database requirements [IEEE 1998]. The evaluation criteria
used for analyzing the specification of data requirements are defined from the prop-
erties that the IEEE Standard 830-1998 proposes to include in a data requirements
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specification [IEEE 1998]. We evaluate if the data requirements specification
includes:
— types of information (e.g., text, images, numerical data, etc.) to be stored (DR1)
— frequency of use (DR2)
— accessing capabilities of users and system operations (DR3)
— data entities and their relationships (DR4)
— integrity constraints (DR5)
— data retention requirements (how long should data be stored) (DR6)

(3) Navigational requirements (NR) describe the users’ navigation needs through the
hyperspace [Escalona et al. 2004]. These requirements have recently gained impor-
tance in web application development because navigation, which is an aspect that
has been little considered in traditional software development, has become criti-
cal for web applications [Burdman 1999; England and Finney 1999; Lowe 2003;
Overmyer 2000].
Navigation is a critical aspect in web applications because the focus of web ap-
plications is extensively based on publishing information [Greenspun 1999]. In
accordance with the hypertext paradigm [Conklin 1987], this information is orga-
nized in a structure made up of nodes, links, and anchors, which allows users to
navigate throughout the information in a nonlinear way. Furthermore, this navi-
gational structure is complemented with mechanisms that allow users to filter the
accessed information according to specific criteria. However, not only information
is provided by web applications. Functionality can also be provided to users. Ac-
cess to this functionality also is published throughout the navigational structure.
Therefore, the evaluation criteria used for analyzing the specification of naviga-
tional requirements consist in analyzing the mechanisms proposed to describe:
— published information (NR1)
— different possibilities of navigating this information (NR2)
— mechanisms to filter this information (NR3)
— functionality published together with the information (NR4)

We evaluate the specification of each type of requirement by analyzing the following
two aspects.

— Explicit Support and Techniques. First, we analyze if a type of requirements is
explicitly supported by the method. We consider a type of requirement to be explic-
itly supported if its specification has been considered by authors in some published
work. If a type of requirement is explicitly supported, we indicate the techniques
proposed by the authors to specify them.

— Support Provided to Each Criterion. We evaluate how the criteria associated to
each type of requirement are supported. One of the following two evaluations
is done.
(1) If a type of requirement is explicitly considered by the method, we analyze

whether or not the techniques proposed by the authors include mechanisms to
support the criteria introduced above. Each criterion is marked as fully sup-
ported, partially supported, or not supported according to the support provided
by the techniques.

(2) If a type of requirement is not explicitly considered, we present our analysis
about how we think that criteria could be supported (if they can) by the tech-
niques proposed by the authors, although they were not defined to support this
type of requirement. It is worth noting that this analysis has been tested only
with the running example. We cannot guarantee that it could be satisfied in
other applications. Thus, the criteria are be marked only as partially supported
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or not supported in order to indicate whether or not some support could be
provided.

3.1.2 Evaluation of the Model-Driven Perspective. MDD proposes the development of soft-
ware by using models. To make this vision a reality a key premise to be achieved is
automation [Mellor et al. 2003]. If models cannot be automatically transformed, they
end up being used as merely documentation, and then they are of limited value [Selic
2003].

In order to transform models, we must define mapping functions [Mellor et al. 2003].
These mapping functions should take a specific model as source, analyze its defined
elements and transform them into code or elements of another model. To do this, it
is crucial that the meaning of each model element be precisely defined. This meaning
is obtained by constructing a precise metamodel [Atkinson and Kuhne 2003], which
must define the meaning of every element that can be created in a model.

On the other hand, Atkinson and Kuhne [2003] discuss that visual modeling is
needed for defining a proper model-driven architecture. This aspect helps people to
understand models and improve problems related to either the interpretation of in-
formation described by personnel that have left the organization or the validation of
requirements by customers.

Finally, it is clear that automation in MDD cannot be achieved if the proper tools
are not developed. Thus, we need to provide two types of tools: (1) tools that allow us to
create and properly store models, and (2) tools that take these models and transform
them.

The evaluation criteria used for analyzing the support provided for handling re-
quirements in MDD environments consist in studying if

— the requirements model proposed by each MDD web engineering method fits a pre-
cise metamodel (MR1);

— methods define mapping functions to transform requirements models into concep-
tual models that satisfy the specified requirements (MR2). In terms of the MDA,
this is known as CIM-to-PIM transformations;

— tools for automatically applying mappings are implemented (MR3);
— a concrete visual syntax is defined to specify requirements (MR4);
— Tools for creating the proposed requirements model are developed (MR5).

In this perspective, each criterion is evaluated as fully supported, partially sup-
ported, or not supported.

3.2 The Running Example

In order to exemplify the requirements specification techniques proposed by each
method we propose an E-commerce application as running example. We propose an
example based on an E-commerce application because applications of this type are fo-
cused on both providing a great amount of information to users and providing them
with functionality in order to allow the purchase of products. These aspects allow us
to properly show how the three types of requirements considered in this survey (func-
tional, data and navigational) are supported. Note that this example has been chosen
to analyze strengths and weaknesses of MDWE methods in relation to the specification
of these types of requirements; other type of examples could emphasize other strengths
and weaknesses that have not been identified in this work.

In a nutshell, the requirements of the proposed E-commerce Application are de-
scribed as follows:

The E-commerce application must support the online purchase of CD, software
products and books. This E-commerce application must allow users, who are initially
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Fig. 2. Running example.

connected to the system as anonymous visitors, to access information about the
different products that exist in the catalogue.

The E-commerce application must provide users with a shopping cart in which they
can add the products to be purchased. The shopping cart must always be available to
users in order to allow them to inspect it. When a product is added to the shopping
cart, the system must automatically update the product stock.

Once users have selected the products to be purchased by adding them to the shop-
ping cart, the E-commerce application must allow them to create and send a purchase
order. To do this, users must identify themselves as registered customers. Further-
more, the system must register the times that a product is purchased as well as the
client profiles that usually purchase this product.

Finally, all the information about products must be managed by administra-
tors. Administrators must also be able to manage the information of the registered
customers.

Figure 2 shows a possible implementation of part of the proposed running exam-
ple. Pages in this figure support the adding of CDs to the shopping cart. To do this,
users initially access a list of music categories (Page A). From this list, users can se-
lect one in order to obtain the list of CDs that belong to it (Page B). From this list,
users can either find the CDs of a specific artist by means of a search engine or se-
lect a CD in order to obtain a detailed description (Page C). From this description,
users can add the CD to the shopping cart. Note how the shopping Cart is always
available.

3.3 Analysis Structure

The analysis of each MDD method is presented in accordance with the following
structure.

ACM Transactions on the Web, Vol. 5, No. 2, Article 10, Publication date: May 2011.
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(1) General Description. We present an overview of the method by describing charac-
teristics such as its authors, the year in which it appeared, and the development
process that it proposes.

(2) Requirements Model. We present an overview of the requirement techniques that
each method proposes to create a web application requirements model. We exem-
plify these techniques by creating a partial version of the requirements model of
the running example (further presented).

(3) Evaluation of Requirements Specification. We evaluate requirements models ac-
cording to the criteria defined for the requirements specification perspective.

(4) Evaluation of MDD. We evaluate requirements models according to the criteria
defined for the model-driven perspective.

(5) Main Strengths and Weaknesses. We conclude the analysis by presenting a sum-
mary of the main strengths and weakness of the method.

4. STUDY OF REQUIREMENTS SPECIFICATION TECHNIQUES IN MDWE METHODS

Next, a detailed study of the requirements specification techniques proposed by nine
MDWE methods is presented. The methods are introduced in chronological order in
accordance with the year in which they appear in the literature.

4.1 OOHDM: Object Oriented Hypermedia Design Model

4.1.1 General Description. OOHDM was developed by Schwabe and Rossi in 1994
[Schwabe and Rossi 1994; Schwabe et al. 1996]. It was one of the first approaches
to provide a methodological solution for the development of web applications. This ap-
proach takes some ideas proposed in HDM [Garzotto et al. 1993] and applies them in
a well-defined development process based on the object-oriented paradigm. OOHDM
emphasizes the separation of the navigational aspect from other aspects such as the
conceptual aspect and the interface aspect. Other approaches have been further in-
spired by this idea of separation of aspects. Finally, it is worth noting that OOHDM is
not a closed approach and it is continuously being extended and improved.

The development process of this approach is divided into five main phases.

— Requirements Gathering. In this phase, the users that must interact with the web
application are identified as well as the users’ needs that the web application must
support. Early versions of OOHDM do not consider the requirements phase. This
phase was included after defining some extensions to the method [Vilain et al.
2000a].

— Conceptual Design. This phase consists in the definition of a conceptual schema in
which the static aspect of the system is described.

— Navigational Design. In this phase, a navigation class diagram and a navigation
structure diagram must be defined. The first one represents the static possibilities
of navigation in the system. The second one extends the navigation class diagram
including access structures and navigation contexts.

— Abstract Interface Design. This phase consists in the description of the user inter-
face in an abstract way. To do this, an abstract interface model is developed using a
special technique named ADVs [Cowan and Lucena 1995].

— Implementation. In this phase, the web application is implemented. The implemen-
tation is based on the previous models.

4.1.2 Requirements Model. Web application requirements are handled in the require-
ments gathering phase. This phase is divided into five steps.

(1) Identification of Roles. The different user roles that are going to interact with the
web application are identified.
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(2) Specification of Scenarios. Users describe the work that each role must perform by
means of scenarios. Scenarios are described in natural language.

(3) Specification of Use Cases. Scenarios that describe a similar task are grouped, and
a use case is defined for each group of scenarios. Use cases are described by textual
templates.

(4) Specification of User Interaction Diagrams. Use cases are refined with user in-
teraction diagrams (UIDs), which allow us to consider navigational aspects at the
requirements level. For each use case, a UID is defined. Each UID graphically
describes the interaction between the users and the system without considering
specific aspects of the user interface.

(5) Validation of Use Cases and User Interaction Diagrams. Both use cases and UIDs
must be validated by users.

Figure 3 shows a partial view of the OOHDM requirements model that is obtained
when we specify the requirements of the running example. This figure shows three
examples of scenarios described by different users: Browsing CDs, Finding a CD, and
Adding a CD to the shopping cart. These three scenarios describe a similar task.
Then, a use case that supports this task is derived from them. The use case is defined
by a name, the scenarios that it supports, the user roles that can perform it, and a
description defined from actions of users and the system. Pre- and postconditions may
also be defined.

The UID associated to this use case indicates that it must be performed as follows:
First the system provides users with a list of music category names. From this list,
users can select one and then they obtain a list of CDs. The title, the price and the
artist’s name is given for each CD. From the list of music categories, users can also
introduce the name of an artist. From this name, a list of artists is provided. If users
select an artist, they obtain a list with the artist’s CDs. From the list of CDs, users can
select one and then obtain a description of it. In this description, the title, the price,
the songs, the cover, some comments and the artist’s name of the CD are provided.
Users can also add the CD to the shopping cart at this point.

4.1.3 Evaluation of the Requirements Specification Perspective. Functional requirements
are explicitly supported by the method. The technique proposed to specify them is the
use case diagram. The description of actions associated to use cases allows analysts
to describe the sequences of actions performed by the user and the system. Thus, we
consider criterion FR2 to be fully supported. Although it is not explicitly shown in
the example presented in Figure 3, use cases can be complemented with pre- and post
conditions which provide support for both validating the inputs and defining relation-
ships between outputs and inputs. This allows us to consider criteria FR1 and FR5 to
be fully supported. In addition, exceptional situations can be defined by adding addi-
tional description to use cases. Thus, criterion FR3 is fully supported. Finally, it is not
clear how the effect of parameters can be described by use cases. There is no element
in use case descriptions that explicitly supports it. However, the flexibility provided by
the textual descriptions of actions can be used to describe the effect of parameters in
natural language. Thus, we consider criteria FR4 to be partially supported.

Data requirements are not explicitly supported by the method, so there is no tech-
nique specifically proposed for specifying them.

Our Analysis. We consider that data requirements are partially supported by UIDs.
UIDs properly describe the data that can be accessed by users, although the data that
can be accessed by system operations is not correctly described (criterion DR3, data
accessibility). In the same way, UIDs also indicate some data that the system must
store (criterion DR4, data entities and relationships). These data are the data that
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Fig. 3. Example of the requirements model in OOHDM.

users can access. However, data that is required only to support internal operations
of the system is not described. Furthermore, UIDs allow us to indicate only data
entities (e.g., music categories, CDs, etc). Relationships between entities cannot be
explicitly defined. From this analysis, we consider criteria DR3 and DR4 to be partially
supported. The rest of the criteria associated to data requirements are not supported.

Navigational requirements are explicitly supported by the method. The technique
proposed to specify them is the one based on UIDs. The different interactions between
the system and the user describe the information that is published. In addition, con-
nections between interactions indicate how users can navigate this information. Thus,
we consider criteria NR1 (published information) and NR2 (navigation possibilities)
to be fully supported. Interactions in which the user introduces information are used

ACM Transactions on the Web, Vol. 5, No. 2, Article 10, Publication date: May 2011.



A Survey of Requirements Specification in MDD of Web Applications 10:11

Table I. A Summary of the Requirements Specification Evaluation of OOHDM

OOHDM Requirements Specification Evaluation
Functional Req. Data Req. Navigational Req.

Explicit Sup. yes no yes
Technique Use Cases - UIDs
Criteria: FR DR NR

1. Input Validity 1. Info. Types 1. Published Info.

2. Action Sequence 2. Use Freq. 2. Nav. Possibilities

3. Ab. Situations 3. Access Cap. 3. Info. Filters

4. Param. Effects 4. Entities and Rel. 4. Published Func.

5. Out. & In. Rel. 5. Int. Constraints

6. Data Retention

fully supported, partially supported, not supported

to filter the published information that allows us to consider criterion NR3 to be fully
supported. Finally, interactions are complemented with mechanisms for indicating the
functionality that can be activated. Thus, criterion NR4 is also considered to be fully
supported.

A summary of the requirements specification evaluation of OOHDM is shown in
Table I.

4.1.4 Evaluation of the Model-Driven Development Perspective. The requirements model of
OOHDM is constructed from two main elements: use case descriptions and UIDs.
UIDs constitute a visual language for describing requirements that is precisely charac-
terized by a metamodel. However, use case descriptions are based on semi-structured
textual descriptions that do not fit a precise metamodel. For instance, there are not
different elements to define user and system actions. They both are defined by using
natural language in the same field (Description). Thus, a metamodel that describes
the meaning of a user action or system action cannot be created, although these ele-
ments are defined in the requirements model. Thus, we consider criteria MR1 (there
exists a metamodel) and MR4 (visual concrete syntax) to be partially supported.

OOHDM is supported by a tool called HyperDE [Nunes and Schwabe 2006]. This
tool provides an HTML-based interface for creating the OOHDM models that corre-
spond to the conceptual design (PIM level). It also introduces mechanisms to automat-
ically generate web applications implemented in Ruby on Rails2 through PIM-to-code
transformations. However, this tool does not provide support to create the require-
ments model. Thus, each element of the OOHDM requirements model must be manu-
ally defined. In this sense, we consider criterion MR5 to be not supported.

Finally, this approach presents guidelines to help analysts to define the concep-
tual and navigational schema from UIDs. They describe a CIM-to-PIM transforma-
tion and are defined from a set of rules presented in Vilain et al. [2000a] and Vilain
and Schwabe [2002]. These rules indicate how the elements that define both a class
diagram (conceptual schema) and a context diagram (navigational schema) can be
systematically derived from UIDs. These rules are textually described by using nat-
ural language. However, no formalism is used in the rule definition. Thus, a certain
degree of ambiguity is introduced in the rule definition derived from the use of nat-
ural language. In addition, the rules consider only requirements described by UIDs.

2http://www.rubyonrails.org.es/
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Table II. A Summary of the Model-Driven Evaluation of OOHDM

OOHDM Model-Driven Evaluation
1 2 3 4 5

Metamodel Mapping Tool for Visual Syntax RE Specification
Functions mappings Tool

fully supported, partially supported, not supported

Use case descriptions are not considered. Thus, we consider criterion MR2 (mappings
functions) to be partially supported. Finally, rules must be manually interpreted and
applied. No tool is provided to support the application of these rules; therefore, crite-
rion MR3 is considered to be not supported.

A summary of the model-driven evaluation of OOHDM is shown in Table II.

4.1.5 Main Strengths and Weaknesses. The main strength of this approach is based on
the combination of well-known use-case descriptions, which allow analysts to spec-
ify functional requirements of a web application, with UIDs, which allow the visual
description of navigational requirements and some data requirements. Note that
OOHDM is one of the few methods that provide a technique (UIDs) that is specifi-
cally defined for capturing web application requirements. In addition, this method
presents a complete requirements engineering process that clearly guides analysts in
the interaction with stakeholders in order to obtain a precise requirements model.

As a main weakness, only the UID technique seems to be defined for MDD purposes.
Only UIDs fit a requirements metamodel and propose a visual language. In addition,
guidelines for deriving conceptual models are defined by considering only UIDs. Uses
cases seem to be used only for describing requirements. Another important drawback
of this approach is the lack of tools for supporting MDD. There is neither a tool for
specifying requirements nor a tool for applying the proposed derivation guidelines.

4.2 WSDM: Web Site Design Method

4.2.1 General Description. WSDM was developed by De Troyer and Leune [1998]. It is
a user-centred approach. WSDM defines a web application by describing the require-
ments of the different groups of users that must interact with it. It was one of the first
approaches in considering the problem of the diversity of users in web applications.

The development process of this approach is divided into five main phases.

— Mission Statement Specification. In this phase, the purpose and the subject of the
web application must be expressed. The target audience must also be declared.

— Audience Modeling. In this phase, users are classified and grouped in order to study
system requirements according to each user group.

— Conceptual Design. In this phase, both a class diagram is designed to represent the
static model of the system and a navigational model to represent the possibilities of
navigation.

— Implementation Design. During this phase, the conceptual design models are com-
plemented with information required for an actual implementation, such as a site
structure model, a presentation model and a logical data model.

— Implementation. In this phase, the result of the implementation design phase is
written in a specific programming language.

4.2.2 Requirements Model. Requirements are mainly handled in the Mission State-
ment Specification and Audience Modeling phases. In the first phase, a textual de-
scription of the system mission statement is done. Next, taking this description as
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source, the Audience Modeling phase is performed. In this phase, the concept of class
audience, which is a group of potential visitors that have the same requirements, plays
a key role. Thus, the Audience Modeling phase is performed in two steps.

(1) Audience Classification, in which people are classified according to the activities
related to the purpose and subject of the web application. This formally identifies
the different audience classes. WSDM proposes analyzing the organization
environment where the application will be used and centers the attention on the
stakeholders of the business processes supported by the application. In WSDM,
the relationships between stakeholders and the business process activities per-
formed are graphically represented by conceptual maps of roles and activities by
means of activity diagrams. From this representation, the types of users that are
going to interact with the web application (audience classes) are identified and
represented in a taxonomy of audience classes. This taxonomy allows us to define
inheritance relationships, which indicate that an audience class inherits all the
requirements associated to another one. The requirements of each audience class
are defined by means of a textual description.

(2) Audience Class Characterization, in which the characteristics of the members of
each audience class are studied in detail. Some examples of user’s characteristics
are: level of experience with web sites in general, frequency of use, language
issues, education/intellectual abilities, age, income, lifestyle, etc. For instance,
younger people tend to be more experienced with web applications than older
people are. These characteristics are described by using natural language. Some
of the characteristics may be translated into usability requirements while others
may be used later on in the implementation phase to guide the design of the “look
and feel” of the web site, for example, choice of colors, fonts, graphics, etc.

Furthermore, recent works [De Troyer et al. 2008] introduce a task diagram based
on the CTT technique [Paternò et al. 1997] to be used as a link between the require-
ments specification and both the navigational model and the class diagram that are
created in the conceptual design phase. The purpose of this diagram is to describe the
different tasks that each audience class need to be able to perform in order to identify
the data and functionality that is needed for each task. In order to create these tasks
the textual requirements associated to each audience class are taken as a source.

Figure 4 shows a partial version of the WSDM requirements model for the running
example. The upper side of this figure shows the mission statement. Below the mission
statement, there is a partial result of the audience modeling step. On the one hand,
we show an audience classification with three audience classes: Customers, Visitors,
and Administrators. Customers can query product information and purchase products;
Visitors can query only product information; Administrators can manage product in-
formation. There is an inheritance relationship between visitors and customers, and
another between visitors and administrators. In addition, the requirements associated
to customers have been partially described. On the other hand, we can see how the
same characteristics have been defined for the three audience classes (see audience
characterization below the user taxonomy). Finally, in the lower left side of the fig-
ure, we can found a task diagram that describes some of the requirements associated
to the Customer audience class. This diagram describes how customers can purchase
products by interacting with the system.

4.2.3 Evaluation of the Requirements Specification Perspective. Functional requirements
are explicitly supported by the method. They are specified throughout the informal
textual description associated to each audience class as well as the task diagrams.
Task diagrams allow the specification of sequences of application tasks. This aspect
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Fig. 4. Example of a requirements specification in WSDM.

makes us consider criterion FR2 (sequence of system actions) to be fully supported.
Considering that several task diagrams can be associated to a same requirement we
consider criterion FR3 (abnormal situations) to be fully supported. The rest of criteria
are not properly supported by the task diagram but they can be defined in the tex-
tual descriptions. The authors just prescribe the use of natural language for creating
these descriptions, without indicating which aspects must be considered for specifying
functional requirement. For instance, it is not indicated that we should describe input
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Table III. A Summary of the Requirements Specification Evaluation of WSDM

WSDM Requirements Specification Evaluation
Functional Req. Data Req. Navigational Req.

Explicit Sup. yes no yes
Technique Natural language Natural language Natural language

Criteria: FR DR NR

1. Input Validity 1. Info. Types 1. Published Info.

2. Action Sequence 2. Use Freq. 2. Nav. Possibilities

3. Ab. Situations 3. Access Cap. 3. Info. Filters

4. Param. Effects 4. Entities and Rel. 4. Published Func.

5. Out. & In. Rel. 5. Int. Constraints

6. Data Retention

validations, or the effect of parameters, or input and output relationships to specify
functional requirements. The authors leave the selection of these elements in the
hands of the analysts. However, the use of natural language as a technique for specify-
ing requirements facilitates the inclusion of any element in the WSDM requirements
model. Thus, we consider the rest of functional criteria to be partially supported.

Data requirements are explicitly supported by the method. They are specified
throughout the informal textual description associated to each audience class. Again,
authors do not indicate the aspects that must be considered for specifying data require-
ments. However, due to the flexibility of natural language to describe requirements we
consider all data criteria to be partially supported.

Navigational requirements are explicitly supported by the method. Although the
criteria considered in this survey are not explicitly faced by authors, they can be spec-
ified throughout the informal textual descriptions associated to each audience class as
well as the task diagrams. Task diagrams can be used to describe sequences of inter-
action tasks that users perform together with the systems. By properly naming these
tasks, we can describe how users navigate the information provided by the system.
Thus, we consider criterion NR2 to be fully supported. The task diagram also allows
the description of system tasks, which connected to interaction tasks can be used to
indicate the functionality that can be accessed by users throughout the navigation
process. Therefore, we consider criterion NR4 to be fully supported. Search mecha-
nisms can be represented by interaction actions with a proper name. However, it is
not clear how the search filter can be described in detail. Thus, we consider criterion
NR3 to be partially supported. Finally, task diagrams do not give a proper support
to describe the published information in detail. This aspect can be supported by the
flexibility provided by the informal textual descriptions so we consider criterion NR1
to be partially supported.

A summary of the requirements specification evaluation of WSDM is shown in
Table III.

4.2.4 Evaluation of the Model-Driven Development Perspective. The requirements specifica-
tion proposed by WSDM is based on the identification and classification of users and
the description of the requirements associated to each user. To do this, the authors
propose a precise notation to create user taxonomies. However, user requirements are
described by using natural language. To improve this problem, a task diagram is pro-
posed to be created in order to facilitate the definition of the navigational model and
the class diagram from the specified requirements. A summary of the model-driven
evaluation of WSDM is shown in Table IV.
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Table IV. A Summary of the Model-Driven Evaluation of WSDM

WSDM Model-Driven Evaluation
1 2 3 4 5

Metamodel Mapping Tool for Visual Syntax RE Specification
Functions mappings Tool

Thus, although the classification of users and the task diagrams fits a metamodel,
natural language description does not. Therefore, we consider criterion MR1 to be
partially supported. There are no mapping functions that transform the requirements
model into a conceptual model, and logically, neither there are tools for automatically
applying mapping functions. Therefore, we consider criteria MR2 and MR3 to be not
supported. As far as the use of a visual concrete syntax is concerned, it is used for
specifying the user taxonomy and the task diagram, so criterion MR4 is considered
to be partially supported. Since the task diagram is based on CTT, most of it can
be created by using the CTT Environment.3 Thus, criterion MR5 is considered to be
partially supported.

4.2.5 Main Strengths and Weaknesses. One of the main strengths of WSDM is the con-
sideration of users in requirements engineering activities. This aspect is very impor-
tant in web application development since the web entails no obligation and users can
stop using a web application because another is more attractive to them. Thus, web
applications will only be used if they bring immediate advantage to the needs of each
potential kind of user. To achieve this, we need to consider users from the early stages
of the development process. In addition, this approach proposes a top-down strategy
that allows us to specify requirements by starting with a general description (mission
statement) and refining it to more concrete ones (audience characterization). This as-
pect is very useful for detecting new requirements when they are not always clear from
the beginning. The use of textual descriptions provides a valuable flexibility to capture
requirements that is complemented with more restricted descriptions based on a task
diagram in order to create the WSDM navigational model and the class diagram.

However, the use of textual description constitutes the main weakness of this
method in order to be used within MDD processes. In a MDD environment, these
descriptions may be too ambiguous to be directly processed by model transformation
tools. Although they are taken as source for creating a task diagram, which can be
more easily interpreted by tools, this diagram does not fully capture all the require-
ments that are proposed to be included in the textual descriptions. In addition, textual
descriptions may be overloaded and difficult to manage in the development of complex
web applications. In Vilain et al. [2000b], it is stated that textual specifications are
unwieldy when they are used in a validation process with users, mainly because of
the lack of precision and conciseness. Finally, another important weakness of this ap-
proach is the lack of tools for supporting the specification of requirements as well as
their transformation into conceptual models.

4.3 SOHDM: Scenario-Based Object-Oriented Hypermedia Design Methodology

4.3.1 General Description. SOHDM was developed by Lee et al. [1998]. This approach
considers RE activities in the development process of a web application from its
initial version. This approach takes some ideas from OOHDM [Schwabe et al. 1996].
However, as its name indicates, it is mainly based on the use of scenarios.

3http://giove.isti.cnr.it/tools/ctte/
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The development process of this approach is divided into six main phases.

— Analysis. In this phase, the requirements of the web Application are described by
using scenarios.

— Object Model Realization. This phase consists in creating a class diagram in which
the static structure of the system is defined.

— View Design. This phase expresses how the system will be presented to the user.
— Navigational Design. In this phase, a navigational class model is developed in order

to express the possibilities of navigation in the system.
— Realization of the Implementation. This phase consists in designing the web pages

and the flow among them, other detailed interface aspects and a relational database.
— Construction of the System. In this phase, the web application is finally built.

4.3.2 Requirements Model. Requirements are handled in the Analysis phase. SOHDM
proposes to specify web application requirements through three main steps:

(1) Definition of the scope of the system, which delimits the web application to be de-
veloped from external entities. In order to define the scope of the system, SOHDM
proposes the system scope diagram that is based on the well-known data flow di-
agrams (DFD) [Demarco 1979], although context diagrams (e.g., zero-level DFD)
are a good alternative. In the System Scope diagram, the authors identify external
entities as well as the information exchanged between these external entities and
the system.

(2) Identification of events that trigger the communication between external entities
and the application. One or more events are identified for each external entity.
Events are defined in a specific table.

(3) Association of scenarios to the identified events. Scenarios are described by means
of scenario activity charts (SACs), which is a notation created by the authors. SAC
describes business processes according to actors. An actor is an operator of specific
activities, that is, a creator of events.

Figure 5 shows a partial view of the SOHDM requirements model of the running
example. The upper side of this figure shows the scope of the web application in which
three external entities are identified: Visitor, Customer, and Administrator. These
external entities are the types of users that are going to interact with the web appli-
cation. Below the system scope, we can find the events identified for each external
entity. In accordance with these events, visitors can add products to the shopping cart,
customers can add products to the shopping cart and purchase products, and admin-
istrators can manage the product information. In the lower side of this figure, the
SAC that describes the event Add CD to Shopping Cart is shown. External entities
are the primary candidates for actors in SACs. An event is a starting point, a trigger
of a scenario. An activity is an operation by which an actor completes a scenario. A
decision node represents an activity that enables an actor to choose the next activity.
An activity flow is a sequence of activities. Termination is the end of a scenario.

4.3.3 Evaluation of the Requirements Specification Perspective. Functional requirements
are explicitly supported by the method. They are specified throughout the three
diagrams proposed by SOHDM. The scope diagram allows us to indicate which input
must be introduced by external entities in order to obtain a specific output. This
aspect makes us consider criterion FR5 (relationships between output and inputs) to
be fully supported. However, there are no mechanisms to define input validations, so
criterion FR1 is considered to be not supported. The set of operations that the system
must perform is fully described by SACs, in which the activities to accomplish a
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Fig. 5. Example of a requirements specification in SOHDM.

scenario are described. Thus, criterion FR2 is considered to be fully supported.
Additional SACs can be defined in order to describe exceptional scenarios, so we
consider criterion FR3 to be fully supported. Finally, parameters are described in
SACs by attaching them (when it is required) to the input arcs that connect system
activities. Thus, we consider criterion FR4 to be fully supported.

Data requirements are not explicitly supported by the method, so there is no tech-
nique specifically proposed for specifying them.

Our Analysis. We consider that the data that must be stored within the system could
be partially extracted from either the parameters defined in SACs or the activities
that involve an inquiry of information (criterion DR4, data entities, and relationships).
However, no details about these data can be given in SACs. Since SACs are associated
to actors, we can determine the users that can access the data described by them,
although the data that is accessed by system operations cannot be detailed (criterion
DR3, data accessibility). From this analysis, we consider criteria DR4 and DR3 to
be partially supported. The rest of the criteria associated to the specification of data
requirements are not supported.

Navigational requirements are not explicitly supported by the method, so there is
no technique specifically proposed for specifying them.

Our Analysis. We consider that SACs could be used to partially describe data require-
ments. We can define actions of the system whose goal is to show information. We can

ACM Transactions on the Web, Vol. 5, No. 2, Article 10, Publication date: May 2011.



A Survey of Requirements Specification in MDD of Web Applications 10:19

Table V. A Summary of the Requirements Specification Evaluation of SOHDM

SOHDM Requirements Specification Evaluation
Functional Req. Data Req. Navigational Req.

Explicit Sup. yes no yes
Technique Scope diagrams, SACs - -
Criteria: FR DR NR

1. Input Validity 1. Info. Types 1. Published Info.

2. Action Sequence 2. Use Freq. 2. Nav. Possibilities

3. Ab. Situations 3. Access Cap. 3. Info. Filters

4. Param. Effects 4. Entities and Rel. 4. Published Func.

5. Out. & In. Rel. 5. Int. Constraints

6. Data Retention

Table VI. A Summary of the Model-Driven Evaluation of SOHDM

SOHDM Model-Driven Evaluation
1 2 3 4 5

Metamodel Mapping Tool for Visual Syntax RE Specification
Functions mappings Tool

also define actions of the user whose goal is to access this information. In this way, we
are able to describe how users navigate the information provided by the system (crite-
rion NR2). In addition, we can describe the type of information accessed by the user
(e.g., music categories, CDs, etc) by properly naming these actions, although details
about this information cannot be given (criterion NR1, published information). The
fact of describing the published information by means of actions allows us to connect
them to system actions in order to indicate the functionality that can be accessed by
users throughout the navigation process (criterion NR4). As far as mechanisms to fil-
ter the information, they can be emulated by means of the combination of actions in
which users introduce data with actions in which the system searches for information
by using the data introduced by users (criterion NR3). From this analysis, we con-
sider all the criteria associated to the specification of navigational requirements to be
partially supported.

A summary of the requirements specification evaluation of SOHDM is shown in
Table V.

4.3.4 Evaluation of the Model-Driven Development Perspective. The requirements model
proposed by SOHDM is mainly defined by a visual notation. Although a textual tem-
plate is used, it must be constructed according to a specific structure. This makes it
possible for the SOHDM to fit a precise metamodel. Thus, we consider criteria MR4
and MR1 to be fully supported. However, there is no tool that supports analysts in the
construction of this requirements model that make us consider criterion MR5 to be not
supported. Finally, there are neither mapping functions that facilitate the derivation
of conceptual models from requirements nor tools for automatically applying mapping
functions. Thus, criteria MR2 and MR3 are considered to be not supported.

A summary of the model-driven evaluation of SOHDM is shown in Table VI.

4.3.5 Main Strengths and Weaknesses. The main strength of this approach is that
requirements are all specified by using graphical notations or structured textual tem-
plates that fit a precise metamodel. This aspect facilitates the use of this technique
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in MDD environments. Another important strength is the consideration of the system
boundaries by means of its scope diagram. This aspect allows us to clearly delimitate
the system at the requirements level as well as the ways in which it interact with
external entities such as users or even other software systems.

The main weakness of this approach is that SACs are mainly focused on describ-
ing functional requirements in which the exchange of information between the system
and the user is almost limited to required operation parameters. Thus, the description
of navigational and data requirements is not always easy in the case of web applica-
tions that are mainly focused on just providing information. The major part of these
web applications allows users to navigate information without performing any opera-
tion. Thus, representing all the different possibilities for navigating information with
a DFD-based notation can overload the requirements specification, making it difficult
to manage and understand. Finally, as happens with the previous two methods, there
is no tool for specifying requirements.

4.4 UWE: UML-Based Web Engineering

4.4.1 General Description. UWE was developed by Nora Koch in 1998 [Koch 2000;
Koch et al. 2006; Mandel et al. 1998]. UWE is a methodological approach for the
development of web applications that completely bases its diagrammatic techniques
on UML. This approach is currently open and a lot of research work is continuously
being presented in order to improve it. UWE proposes a semi-automatic design process
supported by the case tool MagicUWE.4

The development process of UWE is based on the Model Driven Architecture [OMG
2005]. The aim of the UWE development process is to automatically transform models
in each step by using rules defined at the metamodel level. We can divide this process
into three main stages.

— The process starts with the specification of requirements. These requirements
define the CIM model.

— Platform-independent analysis models (PIMs) are derived from the requirements.
On the PIM level, the different concerns of web applications (the content, the navi-
gation, the business processes, and the presentation) are designed in separate mod-
els. These models are integrated into a so-called “big picture” that merges all the
concerns together and is used in validation of the design models.

— Finally, the platform specific models (PSMs) are derived from this validation model.
Program code can be generated from PSMs.

4.4.2 Requirements Model. Initial versions of UWE propose the specification of re-
quirements by means of use case diagrams together with textual descriptions of use
cases [Koch 2000]. In more recent works [Koch et al. 2006], UWE has been extended in
order to support the UML profile for web requirements (WebRE) [Escalona and Koch
2007]. This profile has been defined by the UWE’s authors in collaboration with the
authors of the web engineering method NDT (presented in section 4.9). We focus on
the most recent approach based on WebRE, considering that the other works may be
obsolete.

UWE currently proposes the use of use case diagrams and activity diagrams in order
to capture web application requirements. Use case diagrams are used to represent an
overview of the web application requirements while activity diagrams provide a more
detailed view. As Figure 6 shows, UWE distinguishes between two types of use cases:
navigation use cases (marked with �) which comprise a set of browse activities (marked

4http://uwe.pst.ifi.lmu.de/
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Fig. 6. Example of a requirements specification in UWE.

with ⇒) that the user will perform to reach a target node (marked with �). A browse
activity is the action of following a link. A browse activity can be enriched by search
actions (marked with ?). A search action has a set of parameters, which let queries
be defined on a content (marked with ©). The results are shown in the target node.
The second kind of use case is the webProcess (marked with ), which is defined by
activities of type browse, search, and at least one user transaction (marked with ⇔).
A user transaction represents more complex activities that are expressed in terms of
transactions that have been initiated by the user, like checkout in an e-shop or an
online reservation.

Figure 6 shows a partial view of the UWE requirements model for the running
example. The upper portion of this figure shows the use case diagram. The lower
portion shows the activity diagram that describes the process use case Add CD to the
Shopping Cart. In accordance with this diagram, when users activate the link List
Music Category, they access the node Music Category. From this node, users can select
one category and then access the node CD. Another way of accessing this node is by
searching for artists from the node Music Category. From this node, users can activate
the Add CD transaction.

4.4.3 Evaluation of the Requirements Specification Perspective. Functional requirements
are explicitly supported by the method. They are specified by means of web process

ACM Transactions on the Web, Vol. 5, No. 2, Article 10, Publication date: May 2011.



10:22 P. Valderas and V. Pelechano

use cases. These use cases are first identified in the use case diagram and then de-
scribed in detail by means of activity diagrams. These activity diagrams allow us to
describe user transactions, which represent activities that the system must perform.
These descriptions support analysts in the specification of system operations. Thus,
we consider criterion FR2 to be fully supported. Additionally, pre- and post-conditions
can be defined for each use case. These conditions can be used for validating the inputs
and defining relationships between outputs and inputs. This aspect makes us consider
criteria FR1 and FR5 to be fully supported. Furthermore, additional descriptions can
be associated to use cases in order to consider exceptional situations. This allows us to
consider criterion FR3 to be fully supported. The description of the effect of parameters
is not explicitly considered in this requirements model, so criterion FR4 is considered
to be not supported.

Data requirements are not explicitly supported by the method; therefore, there is
no technique specifically proposed for specifying them.

Our Analysis. We consider that some data requirements are implicitly captured by the
proposed techniques. The entities that the system must store (criterion DR4) can be
extracted from the content elements defined in activity diagrams (e.g., music category,
CD, etc). However, relationships between these entities cannot be defined. In addition,
it is not clear how details about this information (e.g., properties of CDs) can be defined.
Furthermore, through the association of actors to use cases, it can be determined which
data (content elements) can be accessed by users. In the same way, content elements
can be associated to transactions that define the data that can be accessed by system
operations (criterion DR3). From this analysis, we consider criteria DR3 and DR4 to
be partially supported. The rest of the criteria associated to data requirements are not
supported.

Navigational requirements are explicitly supported by the method. They are cap-
tured by means of Navigation use cases. These use cases allow us to define the in-
formation published by the web application by means of node elements, which are
associated to content elements. The connection of these nodes with browse activities
indicates how users can navigate this information. These two aspects allow us to con-
sider criteria NR1 and NR2 to be fully supported. Furthermore, we can also connect
nodes to search activities that allow users to filter information published by nodes.
This fact makes us consider criterion NR3 to be fully supported. Finally, the connec-
tion of nodes to transactions indicates the functionality that users can activate when
they navigate the published information; therefore, we consider criterion NR4 to be
fully supported.

A summary of the requirements specification evaluation of UWE is shown in
Table VII.

4.4.4 Evaluation of the Model-Driven Development Perspective. The UWE requirements
model is fully defined by means of a visual notation and fits the WebRE metamodel
[Escalona and Koch 2007]. Thus, we consider criteria MR4 and MR1 to be fully
supported.

The definition of UWE models was initially supported by the ArgoUWE tool [Knapp
et al. 2003], which is a plugin of the ArgoUML open source modelling tool.5 However,
the development of this tool has been discontinued because it is not based on UML
2.0. It has been replaced by a new tool developed over the MagicDraw platform6 called
MagicUWE, which is based on UML 2.0 and provides a more comfortable interface.

5http://www.argouml.org
6http://www.magicdraw.com/
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Table VII. A Summary of the Requirements Specification Evaluation of UWE

UWE Requirements Specification Evaluation
Functional Req. Data Req. Navigational Req.

Explicit Sup. yes no yes
Technique Web process use cases - Navigational use cases
Criteria: FR DR NR

1. Input Validity 1. Info. Types 1. Published Info.

2. Action Sequence 2. Use Freq. 2. Nav. Possibilities

3. Ab. Situations 3. Access Cap. 3. Info. Filters

4. Param. Effects 4. Entities and Rel. 4. Published Func.

5. Out. & In. Rel. 5. Int. Constraints

6. Data Retention

Fig. 7. A snapshot of MagicUWE.

MagicUWE is focused on supporting the modeling activities of the UWE development
process. This tool provides full support to create the different views that define the
UWE PIM model. However, the creation of the CIM model (the requirements model) is
partially supported. In the current version of the tool, only the construction of the use
case diagram is supported. There is no support for creating the activity diagrams that
describe each use case. However, the authors are currently working on incorporating
new stereotypes that allow the creation of a full UWE requirements model. Thus, we
consider criterion MR5 to be partially supported. Note, however, that MagicUWE pro-
vides support for creating activity diagrams with process definition purposes. These
activity diagrams are complemented with stereotypes to properly capture the char-
acteristics of business processes. Figure 7 shows a snapshot of MagicUWE that il-
lustrates how the use case diagram introduced in this section is created. Note that,
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Table VIII. A Summary of the Model-Driven Evaluation of UWE

UWE Model-Driven Evaluation
1 2 3 4 5

Metamodel Mapping Tool for Visual Syntax RE Specification
Functions mappings Tool

although MagicUWE is a plugin for the MagicDraw tool, UWE provides a profile that
can be used in any UML-compliant tool.

As far as mapping functions is concerned, a model-to-model transformation is pro-
posed in Koch et al. [2006] in order to obtain draft versions of both UWE navigational
models and UWE content models from requirements models. In terms of MDA, this
transformation constitutes a CIM-to-PIM transformation. It is based on the definition
of mappings between the WebRE metamodel and the UWE metamodel, and they are
specified as QVT transformations [OMG 2008]. This model-to-model transformation
allows us to consider criterion MR2 as fully supported. When this model-to-model
transformation was presented, there were no tools for automatically applying QVT
transformations. The authors stated that they were looking forward to tools support-
ing the QVT transformation language. Currently, we can find tools such as the QVT
operational Eclipse plug-in7 that gives support to apply these transformations. How-
ever, the authors have not explicitly decided on the use of this tool and nor have they
analyzed if the implementation of their transformation by means of this tool is feasi-
ble. Thus, we consider then criterion MR3 to be partially supported. Note, however,
that there is significant tool support to transforms UWE models at the PIM level. On
the one hand, the MagicUWE tool implements several ATL PIM-to-PIM transporta-
tions. On the other hand, there is an Eclipse plugin that generates JSF applications
from UWE PIM models trough a PIM-PSM-code transformation.

A summary of the model-driven evaluation of UWE is shown in Table VIII.

4.4.5 Main Strengths and Weaknesses. The main strength of UWE is that it pro-
vides techniques that are especially created for the specification of web application
requirements. Specifically, it provides a visual diagram to complement use cases,
which allows us to properly capture navigational requirements. Another important
characteristic of UWE is that it is fully oriented to be used in MDD of web applications.
In addition, the UWE profile is totally based on UML, which allows using it in any
UML-compliant tool. However, the tools provided by UWE in order to specify web
requirements and derive conceptual models from them need to be improved. This
constitutes its main weakness.

4.5 WebML: Web Modeling Language

4.5.1 General Description. WebML was developed by Piero Fraternali and Stefano Ceri
in 2000 [Ceri et al. 2000, 2003]. WebML is a high-level modeling language for web
applications. WebML follows the style of both Entity-Relationship and UML offering
a proprietary notation and a graphical representation using the UML syntax. This
approach is currently not closed and is continuously being extended and improved.
Finally, WebML is one of the few approaches that present a tool that supports its
development process. This tool is called WebRatio8 and is being currently applied in
an industrial environment.

7http://www.eclipse.org/m2m/
8http://www.webratio.com
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The development process of this approach is divided into six incremental main
phases.

— Requirements Specification. This phase focuses on collecting information about the
application domain and the expected functions, and specifying them.

— Conceptual Modeling. This phase consists in defining WebML-based conceptual
schemas, which express the organization of the application at a high level of ab-
straction, independently from implementation details.

— Implementation. This phase consists in the translation of the WebML-based concep-
tual schema into a specific implementation technology.

— Testing and Evaluation. In this phase, the web application is tested and validated
in order to improve its internal and external quality.

— Deployment. This phase consists in deploying the web application on the top of a
specific architecture.

— Maintenance and Evolution. In this phase, the application is maintained and possi-
bly evolved after it is deployed.

Furthermore, WebML also promotes a strategy of rapid prototyping from the con-
ceptual schema for early detection of misunderstandings in the captured requirements.

4.5.2 Requirements Model. Requirements are handled in the requirements specifica-
tion stage. WebML proposes the inclusion of the following aspects in its requirements
model.

— The list of the user groups that will access the web application, together with a pre-
liminary assignment of their access rights over the information content. To do this,
user groups are first organized in a hierarchy in which inheritance relationships
among them can be defined. Next, each user group is characterized by means of a
structured textual template.

— The most significant application use cases, which show the interactions between
the identified user groups and the application. To do this, a use case diagram is first
defined. Next, use cases are described by means of a structured textual template.
If use cases are complex, activity diagrams can be used to visually express their
workflow.

— A data dictionary that collects the most relevant information objects in the applica-
tion domain. To do this, a structured textual template is proposed.

— The informal specification of the site views that will allow users to accomplish the
functions expressed by the identified use cases. To do this, a set of textual specifica-
tion sheets must be completed.

— A set of presentation guidelines, which give indications about the look and feel of
the interfaces to be developed. To do this, the use of mock-ups and Cascading Style
Sheets (CSS) are proposed.

Additionally, WebML also proposes creating acceptance tests in order to evaluate
nonfunctional requirements such as usability, performance, scalability, etc.

Figure 8 shows a partial version of the WebML requirements model for the running
example. First, we can see a use case diagram in which user groups are hierarchically
described and associated to use cases. In accordance with this diagram, Visitors can
add CDs to the shopping cart and inspect the shopping cart, Customers can perform
the same use cases as Visitors plus Checkout, and Administrators can manage client
and product information. Below the use case diagram is the structured textual de-
scription of the use case Add CD to the shopping cart and its description by means
of an activity diagram. According to these descriptions, users can add a CD by first
selecting a music category. Then, users obtain a list of CDs from which they can select
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Fig. 8. Example of requirements specification in WebML.

the desired one. Then users can add the CD to the shopping cart. The set of web pages
that are required to add a CD are identified on both the activity diagram and the site
view specification shown below. Furthermore, according to the Visitor description (see
user group description at the bottom portion of the figure), visitors are those users
that can access only the public part of the web application. They can access CDs only
to read, and the shopping cart can be accessed in write mode. Finally, the different
properties that the system must store about a CD, its sub- and super-concepts and
their relationships with other concepts are shown in the data dictionary template.

4.5.3 Evaluation of the Requirements Specification Perspective. Functional requirements
are explicitly supported by the method. They are specified by means of the use case di-
agrams and their associated descriptions. As explained in other methods that use this
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Table IX. A Summary of the Requirements Specification Evaluation of WebML

WebML Requirements Specification Evaluation
Functional Req. Data Req. Navigational Req.

Explicit Sup. yes yes yes
Technique Use Cases, Data dictionary Site view specification

Activity Diagrams templates
Criteria: FR DR NR

1. Input Validity 1. Info. Types 1. Published Info.

2. Action Sequence 2. Use Freq. 2. Nav. Possibilities

3. Ab. Situations 3. Access Cap. 3. Info. Filters

4. Param. Effects 4. Entities and Rel. 4. Published Func.

5. Out. & In. Rel. 5. Int. Constraints

6. Data Retention

technique, criteria FR1 (input validation) and FR5 (relation between input and out-
put) are fully supported by means of the pre- and post-conditions that can be defined
for each use case. Criterion FR2 (sequence of operations) is fully supported by means of
the descriptions associated to use cases (both textual template and activity diagram).
Criterion FR3 (abnormal situations) is fully supported by means of the exception de-
scriptions that can be associated to use cases. Finally, criterion FR4 (description of the
effect of parameters) is not explicitly considered in this requirements model. However,
we consider it to be partially supported because it can be easily included in the textual
descriptions associated to use cases.

Data requirements are explicitly supported by the method. They are basically spec-
ified by means of the data dictionary templates and the user group descriptions. On
the one hand, data dictionary templates allow us to describe the properties of concepts
as well as their relationships with other concepts. This fact makes us consider crite-
rion DR4 to be fully supported. On the other hand, user group descriptions allow us
to indicate the accessing capabilities of users over the described concepts. The access-
ing capabilities of system actions can be described in the use case descriptions. Thus,
criterion DR3 is fully supported. The rest of the criteria are not supported.

Navigational requirements are explicitly supported by the method. They are spec-
ified by means of the site view specification templates. These templates allow us to
divide the web application into areas and also indicate the web pages that must ap-
pear in each area and how they must be connected. This type of descriptions allows
us to indicate how users navigate information. Thus, we consider criterion NR2 to
be fully supported. However, these descriptions are done in natural language, which
makes it difficult to describe the information provided by each page in detail. This
fact makes us consider criterion NR1 to be partially supported. In the same way, we
must use natural language descriptions to describe filter mechanisms or the function-
ality published in each page, so criteria NR3 and NR4 are considered to be partially
supported.

A summary of the requirements specification evaluation of WebML is shown in
Table IX.

4.5.4 Evaluation of the Model-Driven Development Perspective. Some of the requirements
specification techniques proposed by WebML present a visual notation such as activity
diagrams and use case diagrams and others are based on textual notations such as
user group templates or site view specifications. Thus, we consider criterion MR4 (vi-
sual syntax) to be partially supported. With respect to a metamodel, there exists some
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Table X. A Summary of the Model-Driven Evaluation of WebML

WebML Model-Driven Evaluation
1 2 3 4 5

Metamodel Mapping Tool for Visual Syntax RE Specification
Functions mappings Tool

information described in the requirements model that cannot be described in a meta-
model, which is basically that created by natural language descriptions such as the
site view description. Therefore, we consider criterion MR1 to be partially supported.

WebML is supported by the commercial tool WebRatio. This tool is mainly focused
on providing both support for the Conceptual Modeling phase and mechanisms for
automatically generating code from conceptual models through PIM-to-Code transfor-
mations. The specification of requirements is not supported by this tool, so criterion
MR5 is considered to be not supported.

With regard to mapping functions, some guidelines are given in Ceri et al. [2003] to
derive a conceptual design from requirements (which define a CIM-to-PIM Transfor-
mation). These guidelines indicate how a coarse design can be obtained from the func-
tional requirements and the site view maps. This coarse design represents a prelim-
inary conceptual design that is further translated into WebML models. Other works
[Brambilla 2003; Brambilla et al. 2006] explain how to obtain WebML models from
the workflow descriptions associated to use cases. The main drawback of these two
types of guidelines is that they are textually described by using natural language. No
formalism is used in the definition that introduces a certain degree of ambiguity in
their definition. Thus, we consider criterion MR2 to be partially supported. Finally,
the given guidelines must be manually interpreted and applied. No tool is provided
to support the application of them; therefore, criterion MR3 is considered to be not
supported.

A summary of the model-driven evaluation of WebML is shown in Table X.

4.5.5 Main Strengths and Weakness. The main strength of this approach is that it pro-
poses a very complete set of techniques to specify the requirements of web applica-
tions. These techniques consider the three types of requirements studied in this work
and other ones such as personalization or interface requirements. In addition, WebML
is supported by WebRatio, a commercial tool that is currently being used in the de-
velopment of many web applications. This gives the authors a lot of experience in the
specification of requirements in real web development projects.

Its main weakness is based on the extensive use of textual descriptions, which
can make the use of this requirement model in MDD environments that require au-
tomation difficult. In addition, the proposed RE techniques are still not supported by
WebRatio; therefore, the requirements model needs to be done manually.

4.6 OO-H: Object-Oriented Hypermedia Method

4.6.1 General Description. The Object-Oriented Hypermedia Method was presented
by Gomez et al. [2000] and Cachero [2003]. This approach emerged formerly as an
extension of OO-Method [Pastor et al. 1997], a design method for object-oriented
systems. However, in the most recent publications, the authors dissociate OOH from
OO-Method and focus on dealing with personalization of web sites [Garrigos et al.
2005]. This approach is supported by the tool Visual Wade.9

The development process of this approach is divided into four main stages.

9http://www.visualwade.com/
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— Requirements Analysis. In this phase, the web application requirements are speci-
fied for each different type of user.

— Engineering. This phase involves all the activities related to the analysis and design
of the software product. Specifically, there are five activities: two analysis activities
(domain and navigational analysis) and three design activities (domain, navigation
and presentation design).

— Construction and Adaptation. This phase constitutes the implementation of the web
application.

— Client Evaluation. In this phase, clients evaluate the developed web application.

4.6.2 Requirements Model. Requirements are handled in the requirements analysis
phase. OO-H is mainly focused on both providing abstract mechanisms in order
to capture web applications at the conceptual level and defining strategies for the
automatic generation of code. RE activities for web applications are not given much
consideration. OO-H proposes only the use of UML use case diagrams. OO-H does not
propose any other technique to complement use cases. In Cachero [2003] states10 that:
“Although UML proposes to complement Use Case diagrams with other mechanisms
(scenarios, activity diagrams, collaboration or sequence diagrams, etc.), OO-H does
not suggest the use of any. If other mechanisms are used, they are used only as doc-
umentation and they do not influence the rest of the phases of the OOH development
process.” Although in an extension of the method [Cachero and Koch 2002] OO-H pro-
poses to complement use cases with activity diagrams, they are used during analysis
activities. They are not used as a technique for the specification of web application
requirements.

In order to improve the support provided for requirements activities, a web
Requirements Metamodel Extension (WE-RMExt) [Molina et al. 2008] has been
recently defined. This metamodel extends the common web engineering metamodel
presented by the MDWEnet initiative [Valverde et al. 2007]. The proposed extension
defines the elements that participate in the requirements management process. This
metamodel distinguishes between functional requirements, which indicate what the
system must do, and nonfunctional requirements, which indicate how the system
must do it. Each requirement is associated to a goal and a stakeholder. Furthermore,
requirements are organized into tree-like structure by means of a descomposed
Into relationship between requirements. Requirements are also associated to mea-
surement elements that provide a powerful mechanism to quantify requirements
with evaluation purpose. Finally, it is work nothing that, although the proposed
metamodel clearly states the element that must be considered in requirements
specifications, there is no concrete syntax that facilitates the instantiation of this
metamodel.

Figure 9(a) shows a partial view of the use case diagram proposed by initial version
of OO-H in order to specify the requirements of the running example. Figure 9(b)
shows an example of a tree-like instantiation of the metamodel proposed in recent
works for the running example.

4.6.3 Evaluation of the Requirements Specification Perspective. Functional requirements
are explicitly supported by the method. They are specified by means of the use case
diagram. They are also considered in the metamodel defined in recent works. Thus,
considering that pre- and post conditions may be associated to use cases we consider
the criteria FR1 (validation of inputs) and FR5 (relation of outputs and inputs) to be
fully supported. This approach, however, does not propose any technique for describing

10Text translated and adapted from its original version in Spanish to English.
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Fig. 9. Example of requirements model in OOH.

use cases in detail. Thus, we consider criteria FR2 (sequence of operations) and FR3
(abnormal situations) to be not supported. Criterion FR2 (the effect of parameters) is
also not supported.

Data requirements are not explicitly supported by the method, therefore there is
no technique specifically proposed for specifying them. Furthermore, the techniques
proposed to capture requirements do not provide support to describe them. Thus, we
consider all the criteria related to data requirements specification to be not supported.

Navigational requirements are not explicitly supported by the method. However,
the functional requirement element introduced in the proposed web requirements
metamodel is used to define navigational capabilities. For instance, it can be indicated
that the user must be able to browse CDs. In addition, the nonfunctional requirement
element can be used to indicate that the system should provide information accuracy
during this browse activity. However, it cannot be indicated which specific information
related to CDs must be published or how users must navigate it. Thus, we consider
criterion NR1 (published information) and criterion NR2 (navigation possibilities) to
be partially supported. Finally, criteria NR3 (mechanisms to filter information) and
NR4 (published functionality) are not supported.

A summary of the requirements specification evaluation of OOH is shown in
Table XI.

4.6.4 Evaluation of the Model-Driven Development Perspective. Early versions of OOH pro-
poses only a UML use case diagram in order to specify requirements, which is totally
based on a visual notation and fits the UML metamodel. The recent works that im-
prove the requirements support present a web requirements metamodel. However, a
concrete visual syntax for this metamodel is not provided. Thus, we consider criterion
MR1 (metamodel) to be fully supported and criterion M4 (visual syntax) to be partially
supported.
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Table XI. A Summary of the Requirements Specification Evaluation of OOH

OOH Requirements Specification Evaluation
Functional Req. Data Req. Navigational Req.

Explicit Sup. yes no no
Technique Use Case diagram - -
Criteria: FR DR NR

1. Input Validity 1. Info. Types 1. Published Info.

2. Action Sequence 2. Use Freq. 2. Nav. Possibilities

3. Ab. Situations 3. Access Cap. 3. Info. Filters

4. Param. Effects 4. Entities and Rel. 4. Published Func.

5. Out. & In. Rel. 5. Int. Constraints

6. Data Retention

Table XII. A Summary of the Model-Driven Evaluation of OOH

OOH Model-Driven Evaluation
1 2 3 4 5

Metamodel Mapping Tool for Visual Syntax RE Specification
Functions mappings Tool

OO-H is supported by the tool Visual Wade. This tool provides complete graphical
support to perform the domain and navigational analysis. It also provides support to
generate code through PIM-to-code transformations. However, it does not provide sup-
port for creating OOH requirements models. In spite of this, tools can be used to create
the OOH requirements model if it is considered that this model is completely based on
UML, therefore, general modeling tools such as Rational Rose can be used. Thus, we
consider criterion MR5 to be fully supported. Finally, mapping functions for deriving
OOH conceptual models from requirements are not provided and logically there are no
tools for applying mapping functions. Thus, we consider criteria MR2 and MR3 to be
not supported. Note, however, that there are some PIM-to-PIM transformations that
apply specific measurements to the OOH models, which have been incorporated into
the WebSa tool [Meliá and Gomez 2006].

A summary of the model-driven evaluation of OOH is shown in Table XII.

4.6.5 Main Strengths and Weaknesses. The main strength of this approach relies on the
use of use case diagrams, which is a well-known technique that facilitates its learning
and use. In addition, as explained in other approaches, this fact allows analysts to
use general modelling tools in order to create the requirements model. Furthermore,
recent works of this method have focused on requirements measurement, which pro-
vide a valuable mechanism to evaluate requirements in a model-driven way. These
works present several PIM-to-PIM transformations that have been implemented in
the context of the WebSa tool [Meliá and Gomez 2006]. However, the MDD aspects
studied in this survey (requirements specification and transformation of requirements
into conceptual models) are handled with less attention.

The main weakness is that requirements specification is basically done through use
cases, which are not complemented with other techniques to describe web application
requirements in detail. This aspect makes the OOH requirements model insufficient
for specifying requirements in the context of MDD of web applications.

ACM Transactions on the Web, Vol. 5, No. 2, Article 10, Publication date: May 2011.



10:32 P. Valderas and V. Pelechano

4.7 OOWS: Object Oriented Web Solutions

4.7.1 General Description. Object-Oriented Web Solutions (OOWS) was presented by
Joan Fons and Oscar Pastor in 2000 [Pastor et al. 2000, 2005]. This approach is an
extension of the OO-Method approach [Pastor et al. 1997] to support web application
development. Unlike the OO-H approach, OOWS is still based on the OO-Method.
This makes OOWS one of the few MDD methods that provide support to automatically
generate both web application interfaces and fully operative functionality from models.
On the one hand, the commercial tool Olivanova11 automatically generates the func-
tionality of the web application from the models originally proposed by OO-Method. On
the other hand, the OOWS Suite [Valverde et al. 2007] automatically generates web
application interfaces from the OOWS models and integrates them with the function-
ality obtained from Olivanova. The development process of this approach is divided
into three main phases.

— Requirements Analysis. In this phase, the requirements of web applications are
specified by means of a model that is based on the concept of task. Early versions
of OOWS do not consider the requirements phase. This phase was included after
defining some extensions to the method [Valderas 2008].

— System Specification. This phase consists in the description of the web application
at the conceptual level. To do this, different models are proposed: (1) the object
model for describing the static structure of the web application, (2) the functional
and dynamic models for describing the behavior of the web application, (3) the nav-
igational and presentation models for describing the web application user interface.

— Solution Generation. In this phase, the web application is automatically generated
from the models defined in the previous phase. To do this, the tools introduced in
this article are used.

4.7.2 Requirements Model. Requirements are handled in the requirements analysis
phase. This phase is performed in three main steps.

(1) Definition of a Task Taxonomy. In this step, the tasks that users must be able
to perform by interacting with the web application must be indicated. To do this,
a hierarchical task analysis [Shepherd 2001] is performed. After this analysis, a
task taxonomy is obtained in which tasks are defined in a hierarchical way. Tem-
poral relationships can also be defined among tasks in order to indicate the plan
according to which tasks must be performed.

(2) Description of User Tasks. In this step, leaf tasks of the task taxonomy are de-
scribed in detail. To do this, a characterization task template is defined for each
task. In these templates, the following are indicated for each task: the main
goal, the users that can perform it, the performance frequency and additional con-
straints related to either inputs and outputs of the tasks or other aspects such as
security, availability, scalability, etc. Next, a technique based on activity diagrams
is proposed to describe how each task must be performed. This technique allows
the tasks to be described from the interaction between the system and the user
that is required to perform them. To do this, the concept of Interaction Point (IP)
is introduced. IPs represent a moment during the performance of a task in which
the system and users exchange information.

(3) System Data Description. Finally, a technique based on information templates is
proposed to detail both the information that the system must store and the infor-
mation exchanged by the system and the user.

11http://www.care-t.com
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Fig. 10. Example of requirements model in OOWS.

Figure 10 shows a partial view of the OOWS requirements model for the running
example. The upper portion of this figure shows the task taxonomy that hierarchically
indicates the user tasks that describe the running example. Note how two types of task
refinement are proposed: structural (depicted by solid lines), which refines complex
tasks into simpler ones, and temporal (depicted by dashed lines), which also refines
complex tasks into simpler ones but in this case, subtasks are related by a temporal
relationship. These relationships are indicated by the temporal operators used in the
CTT approach [Paternò et al. 1997].
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Below this taxonomy, the description of the task Add CD (note that it is a leaf task) is
shown. Its associated characterization template indicates that the goal is for the user
to add a CD to its shopping cart. This task can be done by visitors and customers, and
as estimation, it should be performed 100 times per hour. This task has no additional
constraints. In accordance with its performance description (activity diagram), users
add CDs to the shopping cart as follows: the task starts with an IP (nodes depicted
with solid lines) in which the system provides the user with a list of Music Categories
(note that IPs that represent an exchange of information in which the system provides
users with information are stereotyped with the output keyword). From the list of
music categories, the user can select a category and then the list of CDs that belong
to it are shown. From this list, the user can either select a CD and then a description
of the CD is shown, or activate a system action (nodes depicted with dashed lines),
which searches for the CDs of an artist (system actions that search information are
explicitly stereotyped with the keyword search). The artist must be introduced by the
user by means of an IP. IPs that represent an exchange of information in which the
user introduces information into the system are stereotyped with the input keyword).
If the search returns only one CD, the system provides the user with its description.
Otherwise, the system provides the user with a set of CDs. Finally, when the user
has obtained a CD description s/he activates the system action, which adds the CD to
the shopping cart (system actions that execute functionality are stereotyped with the
keyword function). After that, the system updates the stock and then the task finishes.

The lower portion of Figure 10 shows the information templates used to specify
data requirements. The template on the left side indicates the properties about a CD
that the system must store. The template on the right side associates some of these
properties to the IP that provides a list of CDs. This last template indicates the data
that the system must show for each CD of the list.

4.7.3 Evaluation of the Requirements Specification Perspective. Functional requirements
are explicitly supported by the method. They are specified by means of the descrip-
tions associated to leaf tasks. On the one hand, validation of inputs and relationships
between inputs and outputs can be defined as constraints in the characterization tem-
plate. Thus, we consider criteria FR1 and FR5 to be fully supported. On the other
hand, the sequence of operations can be described by means of sequences of function
system actions in the activity diagrams, so criterion FR2 is considered to be fully sup-
ported. Abnormal situations can be defined by associating additional descriptions to
tasks. Thus, criterion FR3 is considered to be fully supported. Finally, the input of
parameters is specified by Input IPs. However, the description of their effect is not
explicitly supported by the model, so criterion FR4 is considered to be not supported.

Data requirements are explicitly supported by the method. They are specified by
means of information templates. Templates associated to entities allow us to indicate
the properties that the system must store about each entity, the type of each property,
and the relationships about entities. This last aspect is indicated by associating the
type of an attribute to another entity. Thus, we consider criteria DR1 and DR4 to
be fully supported. The data accessibility is described, on the one hand, by connec-
tions of IPs and system actions defined in activity diagrams, which indicate the data
that can be accessed by system actions, and, on the other hand, by the users asso-
ciated to each task in the characterization templates, which indicates the users that
can access the data that is shown in each task. Thus, we consider criterion DR3 to
be fully supported. The frequency with which the data is used is described by means
of the frequency field that is defined in the task characterization template. If it is
indicated how often a task is performed it is implicitly indicated how often the data
managed in this task is used. Thus, we consider criterion DR2 to be fully supported.
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Table XIII. A Summary of the Requirements Specification Evaluation of OOWS

OOWS Requirements Specification Evaluation
Functional Req. Data Req. Navigational Req.

Explicit Sup. yes yes yes
Technique Task charac. templates Information templates Task taxonomy,

Activity diagrams Activity diagrams
Criteria: FR DR NR

1. Input Validity 1. Info. Types 1. Published Info.

2. Action Sequence 2. Use Freq. 2. Nav. Possibilities

3. Ab. Situations 3. Access Cap. 3. Info. Filters

4. Param. Effects 4. Entities and Rel. 4. Published Func.

5. Out. & In. Rel. 5. Int. Constraints

6. Data Retention

The rest of the criteria associated to the data requirements specification are not
supported.

Navigational requirements are explicitly supported by the method. They are
described by means of the task taxonomy and the activity diagrams. On the one
hand, temporal relationships describe in a general way how users should navigate
information (e.g., users must first access the information related to the collection of
products before the information related to checkout). Additionally, activity diagrams
describe (for each task) how users must navigate information by means of sequences of
IPs. Thus, we consider criterion NR2 to be fully supported. The information published
is defined by means of the entity associated to each Output IP. Additionally, this infor-
mation is described in detail by means of the templates associated to these IPs. Thus,
criterion NR1 is considered to be fully supported. Mechanisms to filter information
are explicitly supported by search systems actions, so we consider criterion NR3 to be
fully supported. Finally, the functionally that can be activated during the navigation
process is described by the function system actions defined in activity diagrams. Thus,
criterion NR4 is considered to be fully supported.

A summary of the requirements specification evaluation of OOWS is shown in
Table XIII.

4.7.4 Evaluation of the Model-Driven Development Perspective. The techniques proposed by
OOWS to specify requirements are based either on visual notations (activity diagrams
and task taxonomy) or on textual templates (task characterization and information
templates). Thus, we consider criterion MR4 (visual syntax) to be partially supported.
Although textual templates are used, they are defined in accordance with a precise
structure. This allows the whole OOWS requirements model to fit a precise meta-
model in which all the concepts required to specify the supported requirements are
explicitly described. This metamodel can be found in Valderas [2008]. Thus, we con-
sider criterion MR1 to be fully supported.

As explained previously, this method is supported by Olivanova and the OOWS
suite, which provide full support to create PIM models and generate code from them
through PIM-PSM-code and PIM-to-code transfor5mations. With regard to the OOWS
requirements model, it can be defined by a CASE tool developed upon the Eclipse
platform [Valderas 2008]. This tool can completely create the requirements model, so
criterion MR5 is considered to be fully supported. Figure 11 shows a snapshot of this
tool. This figure shows how the partial requirements model is being created.

ACM Transactions on the Web, Vol. 5, No. 2, Article 10, Publication date: May 2011.



10:36 P. Valderas and V. Pelechano

Fig. 11. Tool for creating the OOWS requirements model.

Table XIV. A Summary of the Model-Driven Evaluation of OOWS

OOWSModel-Driven Evaluation
1 2 3 4 5

Metamodel Mapping Tool for Visual Syntax RE Specification
Functions mappings Tool

The OOWS requirements model is supported by two CIM-to-PIM transformations
[Valderas 2008] that obtain partial versions of the OOWS object model and the OOWS
navigational model from the task-based requirements model. These transformations
have been defined by means of graph transformations which allow the authors to use
general graph transformation tools to apply the model-to-model transformations. In
fact, the authors propose a tool-supported strategy that is based on the open source
tool AGG12 in order to automatically apply model-to-model transformations. Thus,
we consider criteria MR2 and MR3 to be fully supported. Finally, it is worth noting
that this tool-supported strategy for automatically deriving OOWS conceptual model
from requirements is a key factor in an approach proposed by the authors to rapidly
prototype requirements [Valverde et al. 2007].

A summary of the model-driven evaluation of OOWS is shown in Table XIV.

4.7.5 Main Strengths and Weaknesses. The main strength of this approach is that it
has been specifically created to specify web application requirements, so it provides
new techniques that are oriented to properly support aspects that are encouraged by
web applications such as Navigation. In addition, this approach proposes a top-down

12http://tfs.cs.tu-berlin.de/agg/
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strategy that allows the specification of requirements by starting with a general
description (task taxonomy) and refining it to more concrete ones (activity diagram
and information template). This is very useful for detecting new requirements when
they are not always clear from the beginning. Another interesting characteristic
of this approach is that navigational capabilities are described in a global way by
means of the task taxonomy. This is different from techniques that are based on use
cases, which provide a narrow view of this aspect since navigational requirements are
described individually for each use case. Note that navigational requirements are not
specified in the use case diagram, they are specified only by the techniques proposed
to describe use cases.

Finally, another important strength is that it is fully oriented to support the MDD
of web applications. On the one hand, there is a tool that creates the whole OOWS
requirements model. On the other hand, there is a tool-supported strategy based on
graph transformations and the AGG tool, which automatically derives OOWS concep-
tual model from requirements.

The main weakness of this approach is the possible complexity of the requirements
model. In order to properly specify the requirements of web applications multiple ele-
ments need to be created (a taxonomy, a characterization template and an activity di-
agram for each leaf task, several information templates to specify data requirements).
Furthermore, the creation of the task taxonomy that best describes user’s needs is not
always easy, and it requires some experience in the performance of hierarchical task
analysis. Finally, note that activity diagrams have been complemented with several
graphical elements that do not belong to the standard UML activity diagrams. This
aspect could make these diagrams difficult to understand by untrained people.

4.8 W2000

4.8.1 General Description. W2000 was developed by Baresi et al. [2001]. This method
is presented as an extension and customization of UML with web design concepts bor-
rowed from the Hypermedia Design Model (HDM) [Garzotto et al. 1993]. The develop-
ment process of this approach is divided into five main phases.

— Requirements Analysis. This phase consists in the study of the web application
requirements by means of UML use cases.

— State Evolution Design. In this phase, analysts must indicate how contents evolve.
This phase is not mandatory, but it is required only for applications with complex
behaviors.

— Hypermedia Design. This phase consists in the design of the web application navi-
gational structure. This phase is based on the use of HDM.

— Functional Design. This phase specifies the main user operations of the application.
— Visibility Design. In this phase, different perspectives of the web application are

defined for each different type of user.

4.8.2 Requirements Model. Requirements are handled in the requirements analysis
phase. The requirement analysis proposed by W2000 is performed from two main
activities: functional requirements analysis and navigational requirements analysis.
After identifying the different types of user that can interact with the web applica-
tion, the functional requirements analysis identifies the main user operations while
the navigational requirements analysis indicates the main information and naviga-
tion structures needed by the different users.

In order to perform both activities, W2000 proposes the use of UML use case dia-
grams. Two types of use cases are proposed: functional use cases and navigational use
cases. The functional use case diagram is a typical use case diagram that identifies the
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Fig. 12. Example of requirements specification in W2000.

main functionalities and associates them with types of user. The navigational use case
diagram indicates the navigation capabilities associated to each type of user. These
navigational capabilities can be constrained with accessibility conditions.

Figure 12 shows a partial version of the W2000 use case diagrams for the Ama-
zon example. The upper portion of this figure shows a functional use case diagram
that indentifies functionalities such as login or management of product information.
These functionalities are associated to the Customer and Administrator types of user,
respectively. The lower portion of this figure shows a navigational use case diagram
that identifies navigational capabilities such as add CD to the shopping cart or inspect
shopping cart items. Note how this last capability presents an accessibility constraint.
Visitors can inspect only the items that they have added to the shopping cart.

4.8.3 Evaluation of the Requirements Specification Perspective. Functional requirements
are explicitly supported by the method. They are specified by means of the functional
use case diagram. As happens with other approaches, use cases fully support the
criteria FR1 (validation of inputs) and FR5 (relation of outputs and inputs) by means
of the pre- and post conditions that may be associated to use cases. This approach,
however, does not propose any technique for describing use cases in detail. Thus, we
consider criteria FR2 (sequence of operations) and FR3 (abnormal situations) to be not
supported. Criterion FR2 (the effect of parameters) is also not supported.

Data requirements are not explicitly supported by the method, therefore there is no
technique specifically proposed for specifying them. Furthermore, the technique pro-
posed to specify requirements (use case diagrams) do not provide support to describe
them. Thus, we consider all the criteria related to data requirements specification to
be not supported.

Navigational requirements are explicitly supported by the method. They are de-
scribed by means of navigational use case diagram. However, this special use case
diagram identifies only navigational capabilities. For instance, it can be indicated that
the user must be able to search CDs, but it cannot be indicated which specific infor-
mation related to CDs must be published or how users must navigate it. Thus, we
consider criterion NR1 (published information) to be partially supported and criterion
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Table XV. A Summary of the Requirements Specification Evaluation of W2000

W2000 Requirements Specification Evaluation
Functional Req. Data Req. Navigational Req.

Explicit Sup. yes no yes
Technique Functional use case - Navigational use case

diagram diagram
Criteria: FR DR NR

1. Input Validity 1. Info. Types 1. Published Info.

2. Action Sequence 2. Use Freq. 2. Nav. Possibilities

3. Ab. Situations 3. Access Cap. 3. Info. Filters

4. Param. Effects 4. Entities and Rel. 4. Published Func.

5. Out. & In. Rel. 5. Int. Constraints

6. Data Retention

Table XVI. A Summary of the Model-Driven Evaluation of W2000

W2000 Model-Driven Evaluation
1 2 3 4 5

Metamodel Mapping Tool for Visual Syntax RE Specification
Functions mappings Tool

NR2 (navigation possibilities) to be not supported. Finally, criteria NR3 (mechanisms
to filter information) and NR4 (published functionality) are not supported.

A summary of the requirements specification evaluation of W2000 is shown in
Table XV.

4.8.4 Evaluation of the Model-Driven Development Perspective. The W2000 requirements
model is fully defined by using the visual notation proposed for the UML use case
diagram. In addition, elements defined in this model are all used according to the
semantics described in a metamodel. Therefore, we consider criteria MR4 and MR1 to
be fully supported. There is not tool that supports the creation of this requirements
model. However, since this requirements model is extensively based on the UML use
case diagram, general modelling tools such as Rational Rose can be used to create part
of it. Thus, we consider criterion MR5 to be partially supported. Mapping functions for
deriving conceptual models from requirements are not provided, so there are no tools
for applying mapping functions. Therefore, criteria MR2 and MR3 are considered to
be not supported.

A summary of the model-driven evaluation of W2000 is shown in Table XVI.

4.8.5 Strengths and Weaknesses. The main strength of this approach is that it proposes
a well-known technique for specifying requirements such as use cases, which are ex-
tended with new mechanisms (a special use case diagram for capturing navigational
requirements) in order to support navigational requirements. This solution allows an-
alysts to identify functional and navigational capabilities by using a technique that
can be partially supported by general modeling tools. This facilitates its use in MDD
processes.

Its main drawback is that use cases are not complemented with techniques that
allow analysts to describe requirements in detail. Analysts can identify functional
and navigational capabilities, but they cannot describe how these capabilities must be
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supported by the web application such as the UIDs of OOHDM or the activity diagrams
of UWE do.

4.9 NDT: Navigational Development Techniques

4.9.1 General Description. NDT was presented by Escalona et al. [2004] and Escalona
and Aragón [2008]. NDT is a methodological process for web application development
that is focused on the requirements and analysis phases. It proposes the intensive
use of textual templates in the requirements phase and the systematic derivation of
analysis models from these templates. This approach proposes the use of prototypes to
validate requirements. The NDT Suite13 has been developed to support this approach.
The development process of this approach is divided into three main stages.

— Requirements Treatment. In this phase, the web application requirements are col-
lected and described.

— Analysis. In this phase, analysis models are systematically derived from the re-
quirements specification. These analysis models are the conceptual model and the
navigational model.

— Prototyping. This phase consists in the development of web application prototypes
from analysis models. These prototypes are used to validate requirements.

4.9.2 Requirements Model. NDT is an approach specifically created for handling web
application requirements. This approach fits together with UWE the UML profile for
web requirements (WebRE) [Escalona and Koch 2007].

In order to specify requirements, NDT proposes the use of uses case diagrams and
several types of formatted templates. NDT classifies requirements into the following
types: storage information, actor, functional, interaction and nonfunctional require-
ments. For each type, NDT defines a special template, that is, a table with specific
textual fields that are completed by the development team during the requirements
elicitation phase.

Figure 13 shows a partial version of the NDT requirements model for the running
example. On the one hand, the use case diagram is shown on the upper left side of the
figure. On the other hand, three formatted templates are shown: template A is an ex-
ample of template for storage information requirements. This template indicates the
information that must be stored about a CD by means of a list of features. Template
A is an example of a template for functional requirements. Specifically, this template
defines the use case Add CD to the Shopping Cart. Template C is an example of a tem-
plate for interaction requirements. These templates implicitly describe the navigation
structure of the web application. They are based on the concept of Visualization Pro-
totype, which represents a chunk of information that must be shown to users. Each
of these chunks is defined as set of features specified in a storage information tem-
plate (e.g., the field shown information in template C is defined from features specified
in template A). In addition, visualization prototypes can be associated to functional
templates to indicate that users must be able to activate this functionality when they
access the chunk of information (e.g., a user can activate the functionality Add CD
when s/he accesses the information chunk defined in template C). Finally, visualiza-
tion prototypes may have output prototypes, which indicate the prototypes than can
be accessed from the current one, and input prototypes, which indicate the prototypes
from which the current one can be accessed. This way of relating prototypes indicates
how users can navigate information.

13http://www.iwt2.org/ndt-suite.php
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Fig. 13. Example of requirements specification in NDT.

4.9.3 Evaluation of the Requirements Specification Perspective. Functional requirements
are explicitly supported by the method. They are specified by means of the functional
use case diagram and the formatted templates for requirements of this type. The
possibility of associating pre- and post conditions to use cases allows the method to
fully support criteria FR1 (validation of inputs) and FR5 (relation of outputs and in-
puts). The template associated to use cases allow analysts to describe the sequences
of actions performed by the user and the system, therefore we consider criterion FR2
to be fully supported. In addition, exception situations can be defined in these tem-
plates, so criterion FR3 is also considered to be fully supported. Finally, there is no
element in use case descriptions that explicitly supports the description of effect para-
meters. However, the flexibility provided by the textual descriptions of actions can be
used to describe it in natural language. Thus, we consider criterion FR4 to be partially
supported.

Data requirements are explicitly supported by the method. They are mainly de-
scribed by means of formatted templates for storage information. These templates
indicate which features the system must store about each significant concept. In addi-
tion, the type of each feature can also be indicated. This aspect is also used to define
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Table XVII. A Summary of the Requirements Specification Evaluation of NDT

NDT Requirements Specification Evaluation
Functional Req. Data Req. Navigational Req.

Explicit Sup. yes yes yes
Technique Use case diagram, Storage information Interaction templates

functional templates templates
Criteria: FR DR NR

1. Input Validity 1. Info. Types 1. Published Info.

2. Action Sequence 2. Use Freq. 2. Nav. Possibilities

3. Ab. Situations 3. Access Cap. 3. Info. Filters

4. Param. Effects 4. Entities and Rel. 4. Published Func.

5. Out. & In. Rel. 5. Int. Constraints

6. Data Retention

relationships between concepts by indicating that the type of a feature is another con-
cept. Thus, we consider criteria DR1 (data types) and DR4 (entities and relationships)
to be fully supported. Furthermore, although it is not shown in Figure 13, the NDT
suite (which is further presented) allows us to define a validity period to the different
data defined in the storage information templates. In the same way, this tool also al-
lows the association of integrity constraints to storage information templates. Thus,
we consider criteria DR5 (integrity constraints) and DR6 (Data Retention) to be fully
supported. Finally, the formatted templates for interaction requirements allow us to
indicate the users that can access the information. However it is not clear how access
by system operations is represented. In this case, we consider criterion DR3 (access-
ing capabilities) to be partially supported. The rest of the criteria associated to data
requirements are not supported.

Navigational requirements are explicitly supported by the method. They are de-
scribed by means of interaction formatted templates. This type of template is mainly
used to indicate which information the system must show. In addition, the possibil-
ity of linking them by using output and input relations describes how users navigate
the information. Thus, we consider criteria NR1 (published information) and NR2
(navigation possibilities) to be fully supported. These templates include a field that
is explicitly created to indicate the functionality provided along with the information.
Therefore, we consider criterion NR4 to be fully supported. Finally, mechanisms to
filter information can be defined by means of interaction templates. These templates
can be used to describe the queries that users can perform over the stored data by
interacting with the web application interface. Thus, we consider criterion NR2 to be
fully supported.

A summary of the requirements specification evaluation of NDT is shown in
Table XVII.

4.9.4 Evaluation of the Model-Driven Development Perspective. The NDT requirements
model is defined by means of a use case diagram and a set of formatted textual tem-
plates. The creation of this model is fully supported by the NDT Suite. NDT suite is
a profile for the commercial modelling tool Enterprise Architect.14 This suite incorpo-
rates different extensions that allows the creation of the full NDT requirements model,
so we consider criterion MR5 to be fully supported. Figure 14 shows a snapshot of
this tool.

14http://www.sparxsystems.com/
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Fig. 14. Snapshot of the NDT suite.

Table XVIII. A Summary of the Model-Driven Evaluation of NDT

W2000 Model-Driven Evaluation
1 2 3 4 5

Metamodel Mapping Tool for Visual Syntax RE Specification
Functions mappings Tool

With regard to the visual syntax, the NDT suite provides a visual notation for the
use case diagrams and a visual representation (as classes) for the formatted templates.
However, many part of the specification of these templates must be textually defined.
Thus, we consider criterion MR4 (concrete visual syntax) to be partially supported.
This model fits the WebRE metamodel [Escalona and Koch 2007], so we consider cri-
terion MR1 to be fully supported.

Finally, the NDT Suite incorporates a module that implements a set of transforma-
tions specified in QVT by means of as Enterprise Architect templates. This module al-
lows to automatically obtaining NDT analysis models from requirements (CIM-to-PIM
Transformations). Thus, we consider criteria MR2 and MR3 to be fully supported. In
addition, other modules are included to support activities related to the validation and
verification of both requirements and derived models. A module for generating proto-
types is also provided. Finally, it is worth noting that the NDT suite is currently being
used by several Spanish private companies and government institutions.

A summary of the model-driven evaluation of NDT is shown in Table XVIII.

4.9.5 Strengths and Weakness. The main strength of this approach is that it provides
mechanisms to properly describe the requirements of a web application. This approach
supports the specification of the three types of requirements considered in this survey:
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data (storage information), functional, and navigational (interaction) requirements as
well as other types of requirements such as user types. In addition, note that al-
though textual descriptions are proposed, they are based on structured templates that
facilitate the automation of MDD process. In fact, NDT is supported by a set of tools
that is currently being used in the development of real web applications.

The main weakness of this approach is that the use of textual templates is not al-
ways easy. These templates are very suitable for describing requirements such as data
or functional requirements. However, in complex web applications, a lot of different
possibilities of navigation may have to be considered. To specify all of them by using
just textual templates could overload the requirements specification. In the same way,
the use of textual templates instead of other diagrammatic tools such as the UIDs
of OOHDM or the activity diagrams of UWE makes it difficult to obtain a vision of
the navigational aspect of a web application from the requirements model. Finally,
the number of textual templates that must be defined may result difficult to man-
age and maintain in large web applications. As the authors of NDT themselves state
[Escalona and Koch 2007], templates are not easy to complete as they require intensive
interviews.

5. SUMMARY AND LESSONS LEARNED

This work presents a survey that analyzes how functional, data and navigational re-
quirements are considered by the most relevant model-driven web engineering meth-
ods. In particular, we focus on those methods that have explicitly faced this problem in
research publications. In order to study these methods, we consider two perspectives
in which different evaluation criteria have been defined regarding to the specification
of requirements and MDD.

With regard to the specification of requirements, all the analyzed approaches con-
sider functional requirements in the specification activity. In addition, almost all the
criteria associated to requirements of this type are fully supported. Only the effect of
parameters is sometimes not supported.

Data and navigational requirements are not always considered. Data requirements
are considered only by WSDM, WebML, OOWS and NDT. However, WSDM do not pro-
vide explicit support to any criteria associated to requirements of this type. WebML
supports the description of entities and relationships, and accessing capabilities.
These two criteria are also supported by OOWS and NDT. In addition, OOWS support
the criteria related to information types and the frequency of use, and NDT supports
the criteria related to information types, integrity constraints, and data retention.

Navigational Requirements are considered by OOHDM, WSDM, UWE, WebML,
OOH, OOWS, W2000 and NDT. OOHDM, UWE, OOWS and NDT provide fully support
to all the criteria studied in this survey, that is. they provide mechanisms to describe
published information, navigation capabilities, information filters, and published func-
tionality. WSDM and WebML also support all these criteria although some of them
are partially supported. W2000 allows us to indicate only the published information.
Finally, OOH partially supports the description of published information and naviga-
tion capabilities.

As far as the proposed techniques are concerned, some approaches such as OOHDM,
UWE, W2000, WebML, OOH, or NDT propose the use of Use Cases in the requirements
specification. However, these approaches suggest additional techniques for comple-
ment use cases in order to support data and/or navigational requirements. OOHDM
and UWE provide graphical diagrams to describe use cases in detail, which are focused
on facilitating the specification of navigational requirements. W2000 introduces two
types of use case models in order to identify functional and navigational capabilities.
However, techniques for describing use cases in detail are not provided. WebML and
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Table XIX. A Summary of the Requirements Specification Perspective Analysis

Method Functional Req. Data Req. Navigational Req.
OOHDM use cases, - UIDs

textual templates
WSDM natural language, natural language natural language

task diagram task diagram
SOHDM scope diagram, SACs - -

UWE web process use cases, - navigation use cases,
stereotyped activity stereotyped activity

diagrams diagrams
WebML user templates, activity data dictionary site specification

diagrams, use cases templates
OOH use cases - web requirements

metamodel (WE-RMExt)
OOWS task characterization templates, information templates task taxonomy, activity

activity diagrams diagrams
W2000 functional use cases - navigational use cases
NDT use cases, formatted templates formatted templates formatted templates

NDT extend use cases with textual templates that allow us to specify both data and
navigational requirements. Finally, OOH improves the capture of web requirements
with a metamodel that clearly describes the aspects that need to be considered in a
web application requirements specification.

WSDM, SOHDM, and OOWS provide requirements specification techniques for
web applications that are not based on use cases. WSDM proposes user taxonomies
that are complemented with informal description created in natural language. In
addition, task diagrams are also defined in order to identify the required data and
functionality. SOHDM is based on scenarios and offers a proprietary notation to
describe them. However, this notation is mainly focused on the specification of
functional requirements. As far as OOWS is concerned, it provides a requirements
model based on the concept of task. This model allows us to specify functional, data
and navigational requirements of web applications. To do this, a task taxonomy is
first created. Next, a technique based on activity diagrams is introduced to describe
user tasks from the interaction between the system and the user. Finally, textual
templates are proposed to describe the data that the system must store.

A summary of the requirements specification perspective analysis is shown in Ta-
ble XIX.

With regard to MDD support, all the approaches introduce techniques that include
a concrete syntax that is fully or partially visual. In addition, most of these techniques
are mainly based on structured notions that can fit a precise metamodel.

As far as tool support is concerned, few approaches provide it. Only UWE, OOWS
and NDT provide proprietary tools for creating the proposed requirements model. The
construction of the UWE requirements model is partially supported by the ArgoUWE
and MagicUWE tools. These tools offer graphical support to create use case dia-
grams. However, the construction of the stereotyped activity diagrams is not supported
(although authors are currently working on it). The creation of the OOWS require-
ments model is fully supported by a RE tool that is based on the eclipse platform. This
tool allows every element of the model to be created. NDT is supported by the NDT
Suite. This tool provides graphical support to create the different elements of the NDT
requirements model.

WebML, OOHDM, and OOH are supported by WebRatio, HyperDE, and Visual
Wade, respectively. However, these tools are focused on providing graphical interfaces
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Table XX. Summary of the MDD Perspective Analysis

Method Visual Syn. Req. Spec. Tool Deriv. of Conceptual Models
and MetaM.

OOHDM ok - Transformations
specified with: textual guidelines
applied: manually (no tool)

WSDM ok - -
SOHDM ok - -
UWE ok ArgoUWE, Transformations

MagicUWE specified with: QVT
applied: manually (no tool)

WebML ok - Transformations
- specified in: textual guidelines

applied: manually (no tool)
OOH ok - -
OOWS ok RE tool Transformations

based on specified with: graph transformations
Eclipse applied: automatically (AGG tool)

implemented as: AGG graph transformations
W2000 ok - -
NDT ok NDT Suite Transformations

specified with:: QVT
applied: automatically (NDT Suite)
implemented as: Enterprise Architect

templates

for the definition of web conceptual models (PIM models) and the generation of
code from these models (PIM-to-code transformations) and provide little support to
the specification of requirements. OOH is also supported by the WebSA tool in the
application of model-to-model transformations with model measurements purposes.

Finally, in most of the analyzed methods the way in which requirements are trans-
lated to a conceptual model (CIM-to-PIM transformation) depends on the experience
and skills of the analyst. Mechanisms for supporting the derivation of web application
conceptual models from requirements models are provided by only five approaches:
OOHDM, UWE, WebML, OOWS, and NDT.

OOHDM and WebML present guidelines to derive the corresponding conceptual
models from requirements. However, they are described in natural language, which
may be ambiguous. Furthermore, no tools are provided to help analysts to apply the
proposed guidelines. UWE proposes together with NDT a common web requirements
metamodel and a set of model-to-model transformations. These transformations take
a description based on this metamodel as source and obtain conceptual models of web
applications. These model-to-model transformations are specified in the QVT Rela-
tions standard. However, the authors do not propose tools for applying them. NDT has
developed an implementation of the QVT transformations by means of templates of
the Enterprise Architect tool, which are automatically applied to transform the NDT
requirements model into a conceptual model. UWE is currently working on an im-
plementation of the CIM-to-PIM transformations in ATL. Finally, OOWS present two
CIM-to-PIM transformations specified and implemented by means of graph transfor-
mations. This allows OOWS to provide a tool-supported strategy based on the AGG
tool in order to automatically apply the model-to-model transformations to obtain
OOWS conceptual models from the requirements model.

A summary of the MDD perspective analysis is shown in Table XX.
To conclude this section, we can claim that.
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— there are few techniques that are specifically defined for the specification of web
application requirements. Furthermore, the newly created techniques can still be
considered young techniques and a lot of research work must be performed in order
to improve them. In particular, we should guide our efforts to improve the specifi-
cation of data and navigational requirements and the integration of these specifica-
tions with functional requirements.

— there are few tools that support the construction of the proposed web application re-
quirements models. Thus, almost all the models proposed by the different methods
must be manually created.

— once requirements are specified, there is little support for allowing the systematic
or automatic derivation of the conceptual model that properly satisfies the require-
ments model. Logically, few tools are provided to support this aspect.

6. RELATED SURVEYS

In this section, we present other existing surveys that are related to the development
of web applications.

The surveys done by the Cutter consortium [Epner 2000] and McDolland and
Welland [2001] focus on interviewing developers and stakeholders to identify the main
problems of web development projects. Other surveys conducted by GeorgiaTech’s
Graphics, Visualization, & Usability Center [GVU 1997] and NUA [1998] have fo-
cused on understanding the profile of the users of the Internet and the Web. Lang
and Fitzgerald [2007] interview 438 organizations of Ireland that were involved in the
development of several web projects between 2002 and 2005. In particular, this study
analyses the design processes that were followed and the underlying logic and forces
which shape those processes. Other survey related with the analysis of web design
processes is the one done by Vora [1998] in which 138 people involved in the develop-
ment of web applications were interviewed to know aspects such as the web designer
profile or the key components of the web designer’s “toolkit”. Newman and Landay
[1999] interview eleven web designers from five companies to conclude that sketches,
prototypes, written documents, presentations, and finished web sites are artifacts usu-
ally used in the design process. In the study presented by Lowe [2003], developers of
several companies are interviewed in order to know how they interact with clients
and the processes that they follow for understanding client needs. Taylor et al. [2002]
analyze the techniques and standards used for web site developments within 25 UK
organizations.

From a model-driven perspective, we can find several surveys that focus on analyz-
ing conceptual modelling activities in the development of web applications. Schwinger
and Koch [2006] present a study of eleven web application development methods. In
this study, the proposed modeling approaches as well as the capabilities of code gener-
ation are studied. Preciado et al. [2005] study fifteen MDD methods from the perspec-
tive of rich internet application modeling. This study takes into account aspects such
as multimedia modelling, personalization modelling, and tool support. Koch [1999]
studies eleven MDD methods are studied by focussing on its development process.
This survey indicates the stages included in each development process as well as the
modelling techniques and notations used. Tool support is also studied. The survey
presented by Woukeu et al. [2003] also focuses on the development process of several
MDD methods by studying their phases and the modelling techniques used.

Finally, Escalona et al. [2004] present a survey in which requirements techniques
of MDD methods are studied. This survey presents a general overview of the
development process of each method and explains which phase handles requirements
as well as which techniques are used. We differ from this survey in different aspects:
(1) We provide a more critical view. We not only explain the technique used but
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also indicate its main strengths and weakness. (2) In addition, we demonstrate the
applicability of the proposed requirements specification techniques by applying them
in a running example. (3) Finally, in addition to requirements techniques, we also
study the mechanisms proposed by each method to support the use of these techniques
in a MDD environment.

7. CONCLUSIONS

This article has presented the state-of-the-art in requirements specification techniques
used in MDD of web applications. More specifically, from a preliminary study of MDD
methods, we have selected ten that proposed techniques for handling requirements
and we have studied them in detail. For each of these methods, we have studied two
main aspects: the techniques proposed to specify requirements and the support pro-
vided for MDD. In order to facilitate the comparison of these approaches, we have ap-
plied them to the same running example. Finally, a report of lessons learned as well as
a comparison with other existing surveys that are related to MDD of web applications
have been added as a complement to this comprehensive survey.
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