Proceedings of the
Fifth International Workshop on
Web-Oriented Software Technologies

IWWOST.05

Porto, Portugal. June 13, 2005







PREFACE

Welcome to IWWOST 2005, the fifth International Workshop on Web-Oriented
Software Technologies.

Since 2001, IWWOST has been an international forum for discussing state-of-the-
art modelling approaches, methods and technologies for Web applications. The first
edition was held in Valencia in 2001, the second in Malaga (together with ECOOP
2002), the third in Oviedo and the fourth in Munich (both co-located with ICWE
2003 and ICWE 2004 respectively).

IWWOST has been conceived as a place for methodologists, designers and
developers to meet and exchange their experiences in the process of building
complex Web applications. Usually, IWWOST attendees work on the same problem
from different points of view, those supported by the method or design approach of
their choice. In this way, IWWOST participants can compare their own approaches
with others’ and discuss strengths and weaknesses of each approach. Most widely
known methods (like WebML, WSDM, OOHDM, OO-H, UWE, WUML, W2000, etc)
have been discussed in previous IWWOST editions.

This year we have an exciting program which is organized in three sessions: First
session is dedicated to Adaptive Web and Usability, second session covers issues
such as Web Services and Integration and finally, last session is related to
Semantic Web technologies. Moreover, as the IWWOST workshop is oriented
towards discussion, we have planed to have two panels, the former at the end of
session 1 and the latter to close the event at the end of afternoon sessions. We
hope you will enjoy the workshop.
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A Model-Driven Approach to Include Adaptive Navigational Techniquesin Web
Applications

Gonzalo Rojas, Vicente Pelechano and Joan Fons
Department of Information Systems and Computation
Technical University of Valencia, Spain
{grojas, pele, jjfons@dsic.upv.es}

Abstract

Adaptivity is an increasingly demanded characteristic
of Web applications. However, adaptive techniques
usually implemented in Adaptive Hypermedia Systems
have been hardly considered by current Model-Driven
Web Development Methods. This work presents an
approach to describe adaptive navigation techniques at
early stages of the Web development process. Using the
primitives of the OOWS Navigational Model, we have
defined a strategy to incorporate three types of techniques
(link-hiding, link-ordering and link-annotation) to the
Web modelling process. A User Modelling proposal that
is necessary for the complete specification of these
techniques is also introduced. The impact of the
introduced descriptions of techniques on the final
adaptive applications is shown by means of a case study.

1. Introduction.

Most of the currently available hypermedia
applications provide users with a limited set of possible
interactions, with little consideration of the particular
characteristics, preferences and needs of each user.

Adaptive Hypermedia arises as an approach that seeks
to achieve usage experiences that are more suitable to the
individual information needs. Research efforts made by
Adaptive Hypermedia community have produced clearly
defined concepts and adaptation strategies. However, they
are mainly focused on late stages of software
development. The developed applications are highly
dependant on implementation details and on particular
data instances.

As a special and widespread kind of hypermedia
systems, Web applications are incorporating adaptivity
features. The Model-Driven Web  development
community has been augmenting the expressiveness of
their Web conceptual models for achieving high-level
descriptions of Adaptive Web Systems.

However, most of these efforts are limited to the
definition of rules that constrain the accessibility of the
navigational structures. This strategy gives little support to
the implementation of well known adaptive techniques

that have been already implemented in existing Adaptive
Hypermedia Systems (AHS). The classification of
techniques for adaptive navigation and presentation that
has been proposed by the Adaptive Hypermedia
community is hardly considered and it is not expressed at
conceptual level, taking little advantage of this previous
research efforts.

The main contribution of this work is introducing
descriptions of well-known adaptive techniques at
conceptual level of the Web development process. In this
way, we are able to obtain adaptive Web applications that
are more independent of implementation concerns than the
most adaptive hypermedia systems.

In the context of OOWS [5], an OO-based modelling
method, the specific contributions of this work are:

(a) A User Modelling approach that allows describing the
intended users through the definition of groups of similar
users (stereotypes) and three graphical models, which
contains the needed attributes and operations for
achieving the adaptivity.

(b) A set of adaptive navigation techniques that are
defined in terms of different conceptual primitives of the
OOWS Navigational Model.

The adaptive techniques that are introduced in the
OOWS Web development method are classified into three
categories that are broadly used by the Adaptive
Hypermedia community: (a) the management of nodes
accessibility (link-hiding); (b) the ordering of the
navigational links (link-ordering); and (c) the addition of
informative hints to displayed links (link-annotation).

The rest of this paper describes the three parts of our
proposal: Section 2 presents an overview of the OOWS
Modelling approach, focused on its Navigational Model.
Section 3 describes our proposal for User Modelling,
consisting in the definition of user stereotypes and the
specification of user attributes through three graphical
models. Section 4 describes the adaptive navigation
techniques introduced into the OOWS process, presenting
examples of their conceptual description and the resulting
implementations. Section 5 presents a brief review of
related works on conceptual modelling of adaptive Web
applications. Finally, Section 6 presents some conclusions
and future works.
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2. The OOWS navigational modelling
approach.

OOWS (Object-Oriented Web Solution) modelling
method [5] is the extension of the OO-Method proposal
for Automatic Code Generation [7], which introduces the
required expressiveness to capture the navigational and
presentational requirements of web applications.

The OOWS Conceptual Modelling process consists of
three main steps:

(1) Requirements Elicitation, where the requirements of
the Web application are described by means of UML Use
Cases and Scenarios techniques;

(2) Classic Conceptual Modelling, where system structure
and behaviour are described, using UML-compliant Class,
Sequence and State Diagrams; and

(3) Navigational and Presentational Modelling, where
OOWS Navigational and Presentational Diagrams are
built, strongly based on the Class Diagram defined in the
previous stage.

The OOWS Navigational Model is composed of a set
of Navigational Maps. Each map corresponds to a global
view of the Web application for a given group of users. It
is represented by a directed graph, in which the nodes are
Navigational Contexts and the arcs are Navigational Links
that define the valid navigation paths.

Navigational Contexts represent interaction points
between users and application, and provide a set of
cohesive data and operations. There are two types of
navigational contexts: (a) Exploration Contexts, which are
reachable from any node; and (b) Sequence Contexts,
accessible only via predefined navigational paths.

Figure 1 shows an example of a Navigational Map,
corresponding to an online bookstore and defined to a
Client user type. It is composed of five exploration
contexts (with “E” label) and three sequence contexts
(with “S” label). Dashed arrows represent the navigational
links to the exploration contexts. The solid arrows
correspond to the predefined navigational paths that allow
accessing the Books Navigational Context, and from this
accessing to the other sequence contexts.

Each Navigational Context is composed of
Navigational Classes, which represent views of the
classes included in the Class Diagram. Each navigational
context has one mandatory navigational class from which
the information retrieval starts, called Manager Class, and

other optional navigational classes that provide
complementary information, called Complementary
Classes.

Navigational classes contain the visible attributes and
executable operations that are available for the user in the
corresponding context. All the navigational classes are
related through unidirectional binary relationships, so
called Navigational Relationships. Each of them is

defined over an association, aggregation, composition or
specialization relationship included in the Class Diagram.

Client
- <7 : NN -
- Vi N ~
- V2 | N So
e /7 | N N Se
< 7/ ] N ~
e ~
s / | \ ~
g ¥ v N A
»
E E E E E
«context» «context»
«context» Special «context» Shoppin «context»
Your Store p Main pping Account
Offers Cart
s|Y
«context»
/ Books \
S / S
«context» «context»
Review Authors

Figure 1. Example of OOWS navigational map
and the two types of navigational contexts.

OOWS  defines two kinds of
Relationships:

(a) Context dependency relationship (dashed arrows),
which represents a basic information recovery by crossing
a structural relationship between classes.

(b) Context relationship (solid arrows), which represents
an information recovery plus a navigation to a target
context. Context relationships have the following
properties:

(1) A context attribute that indicates the target context
of the navigation (depicted as [target context]).

(2) A link attribute that specifies the attribute (usually
one of the target navigational class) used as the “anchor”
to activate the navigation to the target context.

Operation links can also be attached to an operation.
An operation link represents the target context (depicted
as [target context]) that the user will reach after that
operation’s execution.

Figure 2 shows the Books Navigational Context
included in Figure 1, which describes a page of a specific
book in the online bookstore. Book manager class shows
basic purchase data of the presented book, while
information from complementary classes is retrieved
through the shown navigational relationships.

Navigational
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<<context>>
<<view>>
AUTHOR
name [ <<view>> |
SPECIALIZED
5 REVIEW
<<view>> SN i
\\>~ - title
BOOK - reviewer name
- ISBN - summary
- title e ]
- year ew
- edition \Re“‘ -
- summary
- cover image <<view>>
- pages USER REVIEW
- price
title - title
- lownit() - =CHD
- RateThisBook() [ Users Review ] - reviewer
- AddToCart()
->[ Shopping Cart ]
- AddToFavourites()
->[ My Favourites |
- AddReview() < IS <<view>>
[ Reviews ] S pae, ow
. SPECIAL OFFER BOOK
~
Al - price - title
AddToCart) [Books]
[ Shopping Cart |

Figure 2. Books navigational context for a web-
based bookstore.

Figure 3 shows an implementation of the Books
Navigational Context. In frame 1, it is possible to
distinguish the main data of the presented book,
corresponding to attributes and operations of the Book
manager class; the book review made by a specialist is
shown through the Book-Specialized Review (see frame
2); book reviews made by other readers are shown
through the Book-User Review (see frame 3); the data
retrieved through the Book-Special Offer relationship are
shown in frame 4 and correspond to a special offer (so-
called “two for one” offer) related to the presented book.

The labels at the top of the page are anchors of links to
other Exploration Contexts. Those links and their target
contexts are always available. Meanwhile, the contexts
that are accessible through the link of the book’s author
(frame 1), the link of the full-version of the specialized
review (2) and through the links to the other readers’
reviews (3) are contained in the Sequence Contexts
(Author and Review, see Figure 1) and they are only
accessible following a predefined path.

It is possible to define filters associated to a
navigational class, which allows constraining the objects
of this class that are retrieved through a navigational
relationship.

As a presentational feature, OOWS includes the
Ordering Pattern, which allows defining a certain order
by which data of the navigational class are presented to
the user. This order is based on some attribute of the
manager class. The ordering can be ascendant or
descendant.

Welcome to

smartreading.com
You are not registered as a client. Register now and enjoy our special offers!

( Home \ “ay/"/ re “u‘l/ F “aﬁemsler Me!\
Residence on Earth  joun o
by Pablo Neruda Rate this book
Price: $10.47  Addto Shopping Cart ~ Add to My Favorites

i
Edition : Paperback Poems_wrmgn by I_he prolific Chi_lean ‘poei hetwe_e_n the 1920‘5_ and
Pages : 359 1940's illuminate his views on alienation and political oppression.
Year 2004
ISBN  : 0811204677
Our Specialist Says: 9
Excellent collection of candid poems by John Doe

Neruda delivers an uninhibited glimse at human emotions and
panges of life in this collection of poems. Neruda jars the soul by
explaining in simple verse, how tragic life can be. The reflections
and odes collected in this work are a superb display of the skill
Neruda has. Full Review

Other Readers’ Reviews: 9

Amazing, August 24, 2002 Pablo Morales
Well, | would imagine 5 stars, August 8, 2002 Martin Hoeldtke

Two for One Offer! o

Residence on Earth & Captain's Verses ~ $19.23 Buy Both

Figure 3. Implementation of Books navigational
context.

Let us consider the following example: the section
“Your Store” of an online bookstore shows some books
that the system recommends to the user. These books must
have been published not earlier than 1980 and must be
presented in alphabetical order.

S
Order: tit\eE

<<context>>
YOUR STORE

<<view>> <<view>>
BOOK AUTHOR

- title | name

- date -
- cover image
- price

- AddToCart()
[ Shopping Cart]

date >= 1980

[ Books |

Figure 4. Navigational context for “Your Store”
functionality.

The navigation description of this requirement is done
through the context shown in Figure 4. It includes a filter
(lower section of the Book manager class), which allows
constraining the books to be displayed to those whose
date attribute value is greater or equal than 1980.
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Furthermore, the Ordering Pattern is applied to the
manager class (left-side label), which indicates that the
instances of this class must be ordered in ascendant order
by their corresponding values of the title attribute. Figure
5 shows an implementation of these features.

Gonzalo, welcome back to

smartreading.com

Enjoy our special offers!

Home :( Your Store Special Offers™/Shopping Cart Account

TR
SE canto General
3 | by Pablo Neruda

Publication Date: September 4, 2000
Price: $12.21  Add to Shopping Cart

Complete Posthumous Poetry.
by Cesar Vallejo

Publication Date: October 1, 1980
Price: $14.93  Add to Shopping Cart

El Cartero de Neruda
by Antonio Skarmeta

Publication Date: May 7, 2003
Price: $7.16 Add to Shopping Cart

Octavio Paz Selected Poems
by Octavio Paz

Publication Date: May 1, 1984
Price: $8.76 Add to Shopping Cart

Residence on Earth

by Pablo Neruda

Publication Date: July 01, 2004

Price: $10.47  Add to Shopping Cart

Selected Poems

by Jorge Luis Borges

Publication Date: April 1, 2000

Price: $12.92  Add to Shopping Cart

Figure 5. Implementation of “Your Store”
functionality.

The conceptual tools of the OOWS Navigational
Model provide multiple alternatives for the navigational
design of the same web application depending on the user.
Distinct navigational maps and variants of the inner
structure of the intended contexts (nodes) can be
associated to different kinds of users. For this reason, this
model is very suitable to incorporate adaptive features to
its descriptions. To achieve this goal, first we need a clear
description of the intended application’s users. In the next
section, we present our proposal of User Modelling.

3. Modélling the user.

The goal of our User Modelling proposal is to obtain
high level descriptions of the users of the Web application
for achieving the system adaptation. We introduce two
main steps:

(a) Définition of User Stereotypes, where the
developer defines a set of user groups (stereotypes) that
are ordered in a hierarchical structure;

(b) Déefinition of User Model diagrams, where three
user diagrams are built, describing users in terms of:
personal information; their relations with a particular
application domain; and the navigational actions
performed at execution-time.

In these steps, we apply two concepts broadly used for
user’s descriptions in existing Adaptive Hypermedia
Systems. These concepts are:

(a) Stereotypes: This concept allow distinguishing
several typical or “stereotypes” users, defining user
groups whose members are likely to have certain
homogeneous application-relevant characteristics [1].
Typical stereotypes are: skilled / novice users, child /
young /adult clients.

(b) Overlay Model: It represents an individual user’s
knowledge of the subject as an “overlay” of the domain
model. For each domain model concept, an individual
overlay model stores some value, which is an estimation
of the user knowledge level of this concept [8].

The Stereotype concept is the basis of the first step,
while the Overlay Modél is applied to the second one. Our
proposal uses Overlay Models to describe not only the
user’s knowledge about a concept, but also other domain-
dependent relationships between users and concepts, such
as preferences and assigned rankings to a given concept.

3.1. Step 1: Definition of user stereotypes.

In this step, a set of user groups or user stereotypes are
defined, according to the adaptation needs of the
application. This classification allows taking benefits of
some features that some users could share. Thus, the same
implementation of an adaptive technique can be used by
more than one specific user.

In the process of stereotypes specification, the
developer must fulfil three tasks (adapted from [1]):

(a) Sereotypes identification:  According to  the
application requirements, the developer identifies the
subgroups of users that are likely to share some features
and which can interact with the system. These subgroups
are called stereotypes.

(b) Sereotypes ordering: Once defined, stereotypes are
hierarchically ordered. These hierarchies allow avoiding
redundancy in the definition of similar stereotypes, by
inheritance of common attributes.

(c) ldentification of key user features: The developer
determines some key user features that describe the
defined stereotypes, along with the values of these
features that allow deciding the inclusion of users into
each stereotype.

For instance, let us suppose that the online bookstore
must distinguish the followings stereotypes: USER
(anyone accessing the bookstore); CLIENT (registered
user); CHILD, TEEN, YOUNG ADULT and ADULT
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(according to his age); INFREQUENT READER,
OCCASSIONAL READER and FREQUENT READER
(according to his reading habits).

These stereotypes are hierarchically organized.
Afterwards, for including users into these stereotypes, the
following user characteristics are defined: for USER, no
special feature is needed (it is the most general
stereotype); CLIENT asks users to execute the register()
operation. For determining whether a user belongs to
CHILD, TEEN, YOUNG ADULT or ADULT
stereotypes, a birthdate attribute is defined; finally, a
readingHabit attribute describes how frequently a given
user reads. The resulting stereotype hierarchy, along with
the values of the attributes that describe each stereotype
are shown in Figure 6.

USER
register()
CLIENT
y=birthM ‘\‘\
CHILD TEEN YOUNG ADULT ADULT
(y>1992) (1980<y<1991) | | (1970<y<1979) (y<1969)

TN

h=readingHabit

INFREQUENT FREQUENT
READER OCCASIONAL READER
READER
(h=never, (h=occassional) (h=frequent,

hardly ever) a expert)

Figure 6. Example of user stereotypes hierarchy.

The definition of Stereotypes is a useful tool for
classifying the application users for adaptive purposes.
However, their expressiveness is limited, so the adaptive
techniques must consider not only the attributes that
describe the stereotype, but also the rest of the data
expressed through the three diagrams of our proposed
User Model.

3.2. Step 2: Definition of User Diagrams.

In this step, users are described through three UML-
compliant Class Diagrams, which represent the three most
used categories of User Modelling in AHS (examples can
be found in [8] and [9]). The diagrams are the following:
(a) Domain-Independent User Diagram, which captures
the user’s personal data;

(b) Domain-Dependent User Diagram, which contains the
user data related to the application domain; and

(c) Navigational Behaviour Diagram, which allows
collecting data about the navigational actions that the user
performs during a session.

The modeller classifies the attributes and operations
that have been previously introduced in the stereotypes

definition step, distinguishing those that depend of the
application domain from the independent ones. These
features are the first structures of the corresponding User
Model Diagrams, which are completed with the
conceptual structures needed for the fulfilment of the
adaptivity requirements.

3.2.1. Domain-Independent User Diagram. This
diagram describes those personal user characteristics that
have some relevance for the adaptation goals of the
application. The values of the modelled data are
independent of the user interaction with a particular Web
application or specific application domains. For instance,
the set of considered attributes may include name, date of
birth or city of residence. Figure 7 shows an example of
this diagram.

USER
LOCATION Lo - -name
ity - " -birthDate
- -email R
-country isRelatedTo | oceypation 0.
-educationalLeve ]

0.” isRelativeOf

Figure 7. Example of a Domain-Dependent User
Diagram.

3.2.2. Domain-Dependent User Diagram. The user
attributes and operations that are related to the application
domain, along with their relationships with specific
domain concepts, are specified in this diagram as an
overlay model of the previously built structural diagram
(Class Diagram).

From the concepts included in this diagram, the system
can establish how relevant the domain concepts are for a
given user. To achieve this, a Relevance property must be
defined. This definition depends on the specific
application domain and the adaptivity requirements. For
instance, in an e-learning scenario, the relevance can be
defined as the suitability of contents according to a
learning goal, whereas in an e-commerce application the
relevance may correspond to the similarity degree of a
product to others previously purchased, considering the
evaluation of these products that are explicitly assigned by
the own user.

To model the relevance, the modeller should take into
account specific functionalities of the application, such as
the ranking assigned to some article on sale by the user,
the purchase of the article or the learning unit the student
has visited. The Relevance property is used to define the
adaptive rules for navigational context instances. A more
detailed description of the relevance property is presented
in Section 4.
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Figure 8 shows the Domain-Dependent User Diagram
of the mentioned online bookstore. In the example, the
designer pays special attention to the Client-Book
relationships: books that the client has visited (i.e., has
accessed their web pages); book titles that the user already
owns; those ones he mostly prefers (my_favourites); and
those ones in which he is not interested. Numerical values
are used for describing the ranking assigned to some titles
by the user.

SPECIAL OFFER
11 |price
Add1oCari()

o

o

PURCHASE PURCHASE ITEN

date quantity AUTHOR
" narme
nationality
o 0. 1.
11 BOCK e
[1sBN o
11 itle
. . |date
S vistec 0 [eamor
USER GLIENT summany KEYWORE
A OWNsS ‘ ‘ ‘
K readinghiabi g U.7_toover image ! o
= . L |wages
register(] 0. my tavountes  O." | ncc

I 0. (OwniC
RateThisBook(!
RANKING .
0. 0. 11 [AddToFavourites( |, 07
Value

AddReview(,
AddioCar(’

SPEC REVIEW

0. title
-reviewer name
summany

0. [te 0. Tll review
date

review

USER REVIEW

Figure 8. Domain Dependent User Diagram for an
online bookstore.

3.2.3. Navigational Behaviour Diagram. It describes the
user’s interaction with navigational structures of the
application during a session. It is defined as an overlay
model over the navigational structures that are specified
for the Web application. This allows describing a user in
terms of his visits to a given navigational context, the
activations of links (context relationships) and the
operations that he executes.

leads_to

1.1
MANAGER 11

0.* NAVIGATIONAL CLASS NAVIGATIONAL CONTEXT

name 1 [name
class. type

OPERATION LINK COMPLEMENTARY | 0.
1 1
ore | b
. 0. .

o H
0.1 HE
OPERATION ATTRIBUTE §

Fhame

[name
* |-domain

[parameters

NAVIGATIONAL RELATIONSHIP

name
|relationship

target nt

0.1

o

USER 0. USER ACTION
— iR

Figure 9. Example of OOWS Navigational
Behaviour Diagram.

Figure 9 shows an example of this diagram. It is
composed of a view of the OOWS navigational meta-
model (which allow modelling the navigational
structures), the User class and the User Action class, along
its corresponding subclasses, which describe the
activation of a link or the execution of an operation.

These data are used to update the User Model,
specifically the Domain-Dependent User Diagram.
Specific visited contexts and activated links can reveal
important features of the user, such as the knowledge level
about the accessed contents or the preferences for them.
This update process can be achieved through update rules,
whose definition is one of the future works of our
proposal.

4. Adaptivetechniquesin the OOWS
navigational model.

OOWS Navigational Model provides the developer
with the required expressiveness to define adaptive
navigation techniques at conceptual level. There are
multiple techniques of adaptive navigation which are
implemented in existing Adaptive Hypermedia Systems.
Brusilovsky [9] classifies them into the following six
groups:

a) Adaptive Link Hiding: these techniques restrict the
navigation space by hiding the links to pages that are
irrelevant or forbidden to a certain kind of users. The
“hiding” can be implemented, for instance, by
deactivating or not showing the corresponding link(s).

b) Adaptive Link Ordering: these techniques sort the
links of a given page, according to the user characteristics
and adopting some criteria to emphasize some links from
the others, e.g., the closer to the top of the page the link is
displayed, the more important the target information is.

¢) Adaptive Link Annotation: this kind of techniques
allows complementing links with comments about the
pages that are accessible through those links. These
annotations can be textual (comments) or visual (icons,
different colours or text fonts) and give information about
the relevance of the target pages or their current state
(visited, unavailable, etc.).

d) Direct Guidance: the goal of these techniques is to
suggest the next best node, that is to say, the most relevant
page to be accessed immediately after the current one.

e) Adaptive Link Generation: these techniques consist on
the generation of new links, which have not been
considered in the application authoring.

f) Map Adaptation: It corresponds to the distinct ways of
adapting the navigational maps, influencing the structure
or topology of the map.

In this section, we describe the way that OOWS allows
describing adaptive navigation techniques at conceptual
level. As a first step of this integration, we have focused
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our work on the first three groups of techniques,

privileging those ones that do not alter the topology of the

navigational maps. For this reason, the consideration of
map adaptation and adaptive link generation techniques
are delayed to further works. In the same way, the
consideration of direct guidance techniques is also
postponed, because it requires a deeper analysis of
navigational structures at instance level.

The adaptive techniques that this work proposes make

use of the following three properties:
(a) Accessibility. It is a property applicable to
Navigational Links and Navigational Relationships of a
context. It allows constraining the access to the contents
that are retrieved through these structures, depending on
the user characteristics. This property is the basis of the
implementation of Link-Hiding techniques for the
mentioned structures.

(b) Importance Order. This property supports the Link-

Ordering and  Link-Annotation  techniques  for

Navigational Relationships. For each context, a value is

assigned by the modeller to each relationship, depending

on the importance that he estimates each relationship has
for a given stereotype.

(c) Relevance. It refers to the importance of the domain

concept instances to the current application user. It is used

by the OOWS adaptive techniques that are defined for
navigational class instances. According to the adaptivity
requirements, the developer describes the relevance in
terms of the primitives included in the Domain-Dependent

User Diagram. For instance, in the e-bookstore

application, the relevance of a B book for a C client can

be described as follows:

— The number of instances of Keyword class that are
related to B and also with books that have been already
purchased, owned, marked as favourite book, highly
rated or visited by C. This definition is based on the
following concepts (included in Domain-Dependent
User Diagram, see Figure 8): Book, Keyword, Client,
Purchase and Ranking classes; Book-Keyword, owns,
my_favourites and visited relationships.

— The number of visited relationships between C and
Book instances that are related to the same Author
instance that is related to B. The considered concepts
are: Book, Author and Client classes; Book-Author and
visited relationships.

The adaptive techniques that this work introduces will
be described according to their corresponding group of
techniques  (link-hiding, link-ordering and  link-
annotation), and to the conceptual structure to be adapted.
Table 1 shows the type of techniques that this work
comprises, along with the OOWS navigational structures
to which those techniques are applied.

Table 1: OOWS Adaptive navigation techniques

Navigational Navigational Navigational
Class instances Relationships Links
Hiding x x x
glrlzllz:_ring X X
kll?xll:tation X X

4.1. Adaptive Link-Hiding.

OOWS provides the conceptual tools to define Link-
Hiding techniques for different navigational structures.

4.1.1. Link-Hiding for Navigational Links. This
technique is based on the “accessibility” property of this
structure. Each navigational link of the Navigational Map
that is defined for a given stereotype is marked with the
“accessible” or “not accessible” value, according to the
adaptivity requirements. If a link is “not accessible” to this
stereotype, these users can not access to the target
Exploration Context that is target of that link.

For instance, in the online bookstore, the developer has
assigned accessibility values to the Navigational Links for
users of Client and User (non-client) stereotypes. Figures
10 and 11 show the resulting Navigational Maps for each
of these stereotypes, respectively.
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Figure 10. Accessibility values for navigational
links for Client stereotype.
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User (non-client)
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Figure 11. Accessibility values for navigational
links for Client stereotype.

Considering the assigned accessibility values, a Link-
Hiding technique is implemented, deactivating the <<not
accessible>> links. Figure 12 shows the implementation
for Client stereotype, in which the link to the Registration
page is the only one that is inaccessible, whereas in Figure
13, corresponding to the implementation for User non-
client stereotype, most of the displayed links are
deactivated.

Gonzalo, welcome back to

smartreading.com

Enjoy our special offers!

f Home \NyFavourites Special Offers ShoppingCNAccount\

Figure 12. Link-Hiding for Client stereotype.

Welcome to

smartreading.com

You are not registered as a client. Register now and enjoy our special offers!

/rome N/ N

" ‘\:ﬁegister MEN

Figure 13. Link-Hiding for User (non-client)
stereotype.

4.1.2 Link-Hiding for Navigational Relationships.
Our proposal allows managing the access to Sequence
Navigational Contexts by means of defining the
Accessibility property for Navigational Relationships. For
each context of a Navigational Map, the developer should
assign the “accessible” or “not accessible” value to its

navigational relationships, according to the different user.
The accessibility property is defined for the navigational
relationships whose source is the manager class of their
context. The rest of the navigational relationships inherit
the accessibility values from the relationships that allow
accessing to them.

Figure 14 shows the accessibility values that the
modeller has assigned to the navigational relationships of
the Book context, considering the users of the Infrequent
Reader stereotype. The user feature of not making any
previous purchase on the site has been also considered,
that is to say, in the Domain-Dependent User diagram
there is no object of Purchase class that is associated to
the correspondent instance of Client class.

In the example of the Figure 14, the modeller has
considered that this kind of users has little interest on the
Soecialized Review of the book, marking the
corresponding relationship with the “not accessible”
value. Let us consider the following requirement of
adaptivity: “ the access to a special offer associated with a
book isrestricted to those clients with a certain amount of
previous purchases’. According to the characteristics of
the stereotype, the additional user feature compels to
assign the same value for the Book-Special Offer
relationship.
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Figure 14. Accessibility Values assignment to the
navigational relationships of Book context.

Figure 15 shows the implementation of the resulting
context. We can see two different ways of hiding the links
corresponding to the <<not accessible>> relationships. In
both cases, the whole retrievable information has not been
displayed. However, in the case of the Book-Special Offer
relationship (see Frame 4), some information indicates the
existence of information that is not accessible.
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Figure 15. Implementation of Link-Hiding for
Navigational Relationships.

4.1.3 Link-Hiding for Navigational Class Instances.
This technique allows hiding the links to some instances
of a navigational class, according to their corresponding
values of relevance for a given user. This kind of link-
hiding technique is applied to one or more navigational
contexts whose manager class is the navigational class to
be constrained. This manager class is extended with a
filter, which constrains the objects to be shown. This filter
allows accessing to the objects that have a relevance value
greater than a given fix value, determined by the modeller.

S
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<<view>> AUTHOR
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- title -
- date e

- cover image
- price
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->[ Shopping Cart ]

relevance >= argl

title

[ Books ]

Figure 16. Conceptual specification of Link-
Hiding technique for instances of the Book
navigational class.

Figure 16 shows the applying of this technique to the
context shown in Figures 4 and 5. The modeller constrains

the books to be proposed, showing only those whose
relevance for the current user is equal or greater than an
argl value. The final implementation of this technique is
shown in Figure 17.
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Figure 17. Implementation of Link-Hiding
technique for instances of Book navigational
class.

The context of Figure 16 only differs from the shown
in Figure 4 on the inclusion of the filter by relevance.
From a little change at conceptual level, it is possible to
obtain an implementation highly different from the
presented in Figure 5.

As Figure 17 shows, the links to the Book instances
maintain their original order, but those ones whose
relevance for this user is less than argl have been hidden.

4.2. Adaptive Link-Ordering and Link-
Annotation.

421 Link-Ordering and Link-Annotation for
Navigational Relationships. Both kinds of adaptive
techniques are supported by the Importance Order
Property of Navigational Relationships. The modeller
assigns importance values to the navigational relationships
whose source is the manager class, establishing an order
of importance among these relationships for a given user
stereotype. In this way, displaying of information
retrieved from one or another relationship is prioritized.

Figure 18 shows an example of importance values
(depicted with the <<IO:value>> tag) that the modeller
has assigned to the contextual relationships of Books
context, for the Occassional Reader stereotype (Client
instances with “occasional” value for the readingHabit
attribute).
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Figure 18. Importance Order values for
Navigational Relationships.

The modeller assigns the initial order values, which
may be modified according to adaptivity requirements.
For instance, data about some user actions (modelled in
the Navigational Behaviour diagram) may increase the
score of the corresponding relationship for this user.
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Figure 19. Implementation of Link-Ordering
technique for Book Navigational Context.

The determined order of importance is used for the
implementation of a Link-Ordering and a Link-Annotation
technique. The difference between them is noticeable in

the Presentation Layer of the application. In the first case
(Figure 19), the information items that are retrieved
through the navigational relationships are ordered in the
layout of the page: items of the most important
relationship are closer to the top of the page; in the case of
the Link-Annotation (Figure 20), the information items
maintain their original location into the page, but a visual
hint is assigned to each of them, giving information of the
individual importance for the current user (in Figure 17, a
bigger quantity of “book™ icons next to the data items
means that the implied relationship is more important).
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Figure 20. Implementation of Link-Annotation
technique for Book Navigational Context.

4.2.2. Link-Ordering and Link-Annotation for
Navigational Class instances. This technique allows
ordering the links to the instances of a navigational class,
according to their corresponding values of relevance for a
given user.

Considering the navigational contexts whose manager
class is the navigational class to be constrained, the link-
ordering technique is described in the OOWS
Navigational Model by means of the Ordering pattern.
The developer incorporates this pattern to the manager
class, ordering its instances by the relevance values, in
descendant or ascendant order.

In Figure 21, the requirement of presenting the
proposed books in a descendant order of relevance has
been modelled. Figure 22 shows the resulting
implementation. The whole information associated to the
relevant link is ordered. On the top, the most relevant
book to this user.
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Figure 21. Conceptual specification of Link-
Ordering technique for instances of Book
navigational class.

There is not a navigational description for the Link-
Annotation technique for Navigational class instances. In
this case, the relevance order of the instances is
considered directly by the presentation layer of the
application, where visual clues are added to each link
(more coloured “star” icons implies a more important
book, see Figure 23).
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Figure 22. Implementation of the “Your Store”
functionality, applying Link-Ordering technique.
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Figure 23. Implementation of the “Your Store”
functionality, applying Link-Annotation.

5. Related work.

Some existing Model-driven Web development
methods have been increasing the expressiveness of their
models to support adaptivity features. Most of them are
based on the definition of adaptive rules. For instance, in
the WebML adaptivity approach [10], a set of Event-
Condition-Action rules allows the system to make
adaptations of its navigational structure in reaction to
context changes produced by link activations. The
adaptivity proposal of OO-HDM [3] describes users inside
the structural model, assigning roles and defining
algorithms that implement different adaptive rules for
distinct user profiles. The OO-H proposal [4] separates
the static and the variable parts of the Web application.
By means of XML adaptive rules, the adaptation occurs
over the variable part. Even if the OOWS proposal
considers implicitly the definition of adaptive rules, it
describes the adaptive features at a higher abstraction
level in terms of adaptive techniques, instead of making
rule-based descriptions. In this way, we obtain adaptive
descriptions that are closer to the adaptivity requirements,
intuitive for the modeller and with a more direct mapping
to the final implementation.
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Both HERA and UWE adaptivity approaches make a
clear separation of the modelling and adaptation of
content, navigation and presentation. This characteristic is
also shared with our approach. The HERA approach [2]
specifies the adaptivity by defining schema views on data
for each model, performing adaptation without referring to
concrete data instances. The main difference with HERA
approach is that OOWS is object-oriented, providing a
higher expressiveness in terms of the functional dimension
of the Web application. The UWE approach defines a
reference model [6] that formally specifies the features of
an adaptive hypermedia application, incorporating a user
meta-model and an adaptation meta-model. Our work can
complement this proposal, providing the expressiveness to
precisely define the concrete adaptive techniques to be
implemented in terms of UWE adaptive rules.

6. Conclusions.

This work has presented our approach for
incorporating adaptive navigation techniques into the
conceptual modelling process for Web applications. We
have augmented the expressiveness of a navigational
model, introducing the required concepts to describe some
well-known adaptive navigation techniques at a high
abstraction level.

The flexibility of the OOWS navigational model makes
possible that a non-adaptive specification can evolve into
a diagram of an adaptive Web application, by using
simple primitives. Both the User modelling proposal and
the modelling of adaptive techniques have made use of
concepts previously developed by Adaptive Hypermedia
and User Modelling research communities. This help to
increase the interoperability of the obtained Web
applications with existing Adaptive Hypermedia Systems.

Some future works that complement this proposal are:
(1) describing adaptive techniques of direct guidance, map
adaptation and link-generation to the navigational
modelling process; (2) describing adaptive presentation
techniques, through the OOWS presentational model,
adopting a similar approach; and (3) defining rules for
updating the Domain-Dependent User diagrams from the
navigational user actions.
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Abstract

In this paper we introduce our framework for
supporting the entire development of interaction and data
intensive (typically Web) applications and describe one of
the composing methods addressing the design of the user
experience. Current proposals, both in the academic and
industrial communities addressing such a kind of
application, exhibit different weaknesses and strengths
but are both characterized by poor acceptance by the
current practice. Instead of proposing a new, richer
modelling method, we have extracted and reused what
good has been done in both the academic and industrial
worlds in order to meet potential stakeholders’
requirements. The whole approach has been shaped by
the domain analysis and addresses the development of
Web applications from requirements elicitation/analysis
to software design in four phases. One of these phases,
the user experience design named E-WOOD, is here de-
tailed. Its specific stakeholders and requirements are here
described. E-WOOD extends a UML proposal, coming
from the industrial world, reusing web engineering
principles coming from the academic experience. It
introduces a reasoning oriented, user centered semantics
which can be used for designing application better fitting
stakeholders’ goals and closer to final user expectations.

1. Introduction

Modern Web applications are assuming more and
more a key role in most of the computer mediated human
activities. ECommerce, eBanking, eFinancing, eLearning
and so forth, are only some important fields where the
success of the business is strictly related to the quality of
the Web application acting as mediator towards final
users. As far as shown in [1], in these applications user
effectiveness and stakeholders’ goals satisfaction are
crucial for their quality. Typically, such applications
provide users with a large amount of different
information (data intensive applications) and integrate
operations and business processes. As distinctive
characteristics, all these services are accessed in a highly
interactive way exploiting the navigational paradigm.
Furthermore, currently services are more and more

offered exploiting different delivery channels. These
characteristics, together with the growing complexity of
the delivered applications, have considerably increased
the intrinsic complexity of such a software category.

Our assumption, quite agreed by the academic and
industrial communities [2], is that quality for such
applications is strictly related to a good design. As a
consequence of the above considerations, it is clear that in
this stage industry needs systematic design methods that
could help in assuring the required quality [3].

Looking at the current methods addressing the design
of Web applications, we discern two different
communities. From the one side, we have the academic
community, in particular the Web engineering one, where
a considerable number of specific design methods have
been proposed along the last decade [4-11]. Generally
speaking and neglecting some peculiarities, most of these
methods address the conceptual design [4] of Web
applications. They are characterized by rich semantics
coping with numerous peculiarities of Web applications.
On the other side, there is the UML community where
representative companies from the industrial world are
employing a massive effort [17,18] in defining a
reference  modelling language for supporting the
development process of software systems. UML native
methods address the logical design [4] of an application,
in that most of the modelling primitives abstract from
concrete implementation artefacts. Being their modelling
primitives closely related to concrete counterparts, these
methods result easier to be understood and used by
technicians as support for the implementation activities.
On the contrary, when referring to the Web application
domain, where the user interaction with the system plays
a key role, it is recognized that UML support is quite
vague [5]. It is mostly due to the fact UML lacks of a
proper semantics which should help designers during the
analysis activities to devise a user oriented application.
Confirming this trend, the most recognized UML method
proposed by the industrial community, that is, the WAE
[12] introduce ah-hoc primitives for modelling typical
software components of a Web applications, like client
page, server page, frameset, etc. Evidently, these
concepts do not belong to the user experiences so they
cannot be used to reason on how to improve it
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Conversely, they can be effectively used to reason about
the software architecture before coding it.

Besides their peculiar characteristics, the adopted
modelling  languages,  primitives,  strengths and
weaknesses, both communities advocate the MDA as a
way to improve the final product quality. However, they
front this approach with a different philosophy. Academic
proposals aim at designing what final users should
perceive, carefully matching this design against the
achieved requirements. Conversely, they often neglect
architectural concerns. In other words, we can say they
embrace the idea that quality is mostly decided at
conceptual level so they typically pass from the
conceptual design to the code. This position is also
evident by the fact that most of these approaches propose
support tools that can produce an application prototype
(usually an evolutionary one) from the conceptual design.
On the other hand, industrial approaches pay more
attention to the correct design of the software modules
that compose the system architecture often overcoming an
accurate design of the user perspective. Most of them
analyze user requirements by means of use case diagrams
[18] describing which functionalities are supposed to be
provided by the system to its users. Then, the user
interaction with the system is detailed by means of
sequences or collaboration diagrams [18] that describe the
dynamic properties of these functionalities in some
relevant scenario. On the basis of such an analysis and the
chosen architecture, designers have to define the software
that will meet the achieved requirements. In other words,
we can say they embrace the idea that quality can be
assured by a good analysis and if suitable software
models are crafted.

Recent studies [3, 14, 15, 16] demonstrate that in the
Web domain most of the current proposals have only
slightly impacted on the actual practice. What are the
reasons? Which of the above philosophies should be
adopted to define a more suitable design model? Various
can be the factors that hinder the adoption of systematic
approaches for modeling.

In this light, the methodological framework we
introduce in this paper aims at embodying the advantages
of the two mentioned philosophies. It is composed by
four phases embracing the web application development
lifecycle from analysis to software specification. Each
phase adopts a specific design model which has been
defined on the basis of an accurate analysis of its
stakeholders’ goals. In particular, in this paper we
describe our proposal for designing the user experience.
This method, named E-WOOD, extends the Conallen’s
UML proposal for designing the user experience — UX

[12] but embodies the semantics of a known academic
method, called W2000 [25, 26], we are familiar to.

To illustrate vividly the approach and in particular the
user experience modelling method, we will use real
examples from the design of a running Web application
which we have designed and developed: the Website
“Munch und Berlin” (www.munchundberlin.org). It has
been originally realized for the State Museum in Berlin
within the HELP EU-funded project with the aim of
providing to the general public (including users with
visual disabilities) a Website promoting the temporary
exhibition of Evard Munch’s prints. Being a real, even if
relatively small-sized, application, it is quite suitable to
illustrate the main aspects of our approach.

2. Web application design: panorama and
related works

Along the last ten years a number of methods have
been proposed for supporting the design of Web
applications. In the following of this section we briefly
resume the main characteristics of these methods from
two perspectives — the academia and the industry — and
considering their role with respect to the analysis and
software design phases. Looking at the academic
community, some of the most known existing
methodologies are HDM [6], W2000 [25, 26], OO-HDM
[8], WebML [10], UWE [11], WSDM [9], OO-H [13],
etc. Roughly speaking, they specify the design of a Web
application at the conceptual level, neglecting
technological aspects and constraints. Besides technical
(minor) differences, these methods share lots of common
features. All of them are based upon an information-
navigation paradigm to describe the user interaction,
recognize the importance of the semantics as guidance for
conceiving the application design and share the
fundamental principle of separation of concerns. On the
other hand, they differ one with another in terms of
proposed design primitives, notation and support tolls. All
these methods Following this principle, and adopting the
W2000 [25, 26] terminology’, the design of a Web
application is achieved in four dimensions: Information
and Access Structures design, defining the basic
conceptual information units (entities) as perceived by the
user and the navigational infrastructure in terms of
semantics associations (between related entities) and

! In this paper we use W2000 as example of academic
design method since it has been developed in our research
group so we are very familiar to its terminology.
Nevertheless, we are firmly convinced all our
considerations are quite independent from it and generic
with the respect of other similar design methods.
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access structures (navigational paths enabling users reach
interesting information units); Operations and Business
Process design, defining operations (e.g. “add to
shopping cart”) and processes (e.g. “check-out”,
“registration”) within a Web application; Navigation
design, defining the navigation network allowing users
browse information and access structures and execute
operations and processes; Presentation design, defining
the page structure in terms of lay-out aspects and
graphical elements and the page organization and
navigation.

Although, if properly used, current academic methods
have the potentiality of enabling designers conceive high
quality (say usable and effective) applications, they
suffer, as stated in a recent study [3], of some
inefficiencies which contribute to a poor acceptance from
the industrial environment. Owning sophisticated and
semantically rich primitives often it takes too much effort
and time in order to learn and start using the methods.
Modelling purpose is only badly or vaguely specified with
the respect of the overall development process. It is often
claimed models are intended as support tool during the
early analysis activities, but they then their models are
also used to automatically generate the running
application [13], [10]. Cumbersome design documents are
generally produced as output of the design activities.
These documents risk being hard to read and use both
during the analysis and the following implementation
activities. Proprietary concepts and notation are
generally proposed (except a few cases like [11]) by each
method increasing the learning time and thus the negative
perception of industry people [21]. Ad-hoc and in-house
made support tools are generally proposed instead of
commercial ones.

With regard to the second category, that is, methods
proposed in by the industrial world, UML is definitively
considered the standard de-facto in the design practice.
Referring to the web application domain, the only
recognized method coming from the industrial
environment is the one proposed by Conallen in [12],[20],
that is, the Web Application Extension (WAE). WAE,
like other UML native methods, adopts an
implementation oriented approach, in that most of the
modelling  primitives  abstract  from  concrete
implementation artefacts. Examples of WAE primitives
are client page, sever page, style sheet, frameset, etc,
obtained by stereotyping UML classes and link, redirect,
submit, etc., obtained stereotyping UML associations.
Due to this characteristic, they are quite easy to
understand and use by technicians for supporting the
software design activities and broadly supported by
commercial tools. On the other hand, concerning WEB
applications, it is known [5] that UML lacks of proper
semantics for supporting the design of communication

and navigation aspects both during the analysis and
design phases.

Finally, the topic of explicitly considering stakeholders
and their requirements for shaping a suitable design
method has been barely fronted by existing approaches.
In most of examined literature when a new modelling
method is proposed, the well-known and high level
software engineering principles are, at most, cited. For
example in [5] it is argued that the next generation of OO
methods *...should be sufficiently user-friendly to all
kinds of possible stakeholders. That is, for all
stakeholders of any model, its relevant parts expressed in
the modeling language, must be understandable, must be
clear even. For the modeler as well as for all other
persons involved in the modeling activity, any model must
be expressive, precise and clear as well”. However,
besides these well known software engineering principles,
we also advocate that, due to the diversity of all possible
stakeholders, the lack of an explicit consideration of what
every potential stakeholder expects by the modeling
method could be one of the main reasons of the existing
gap between current proposals and industry practice.

3. Analyzing Stakeholders’ Requirements

To be successful, design methods, as well as any
engineering product, should accomplish the needs and
expectations of its potential stakeholders. Defining a new
method requires an accurate analysis of goals and
requirements of their users, i.e. the practitioners who
daily conceive, develop and deploy applications, and
other potential stakeholders whose needs may influence
the method definition. Neglecting stakeholders’ needs can
bring to lack of attention towards these engineering
products (design models) by the industrial practice while
fitness to requirements can drastically increase their
acceptability at wider level. On this basis, we have
defined our approach by taking explicitly into account its
potential stakeholders. It is composed by four phases
embracing the web application development lifecycle
from analysis to software specification. Each phase
adopts a specific design model which has been defined on
the basis of an accurate analysis of its stakeholders’ goals.
In this paper we focus on the conceptual design of the
user experience which is usually achieved between the
analysis activities and the software design.

3.1 Requirements for a conceptual model
addressing the user experience design

Conceptual models are used at the beginning of the
overall design activities, as intended in the software
engineering discipline, which will finally lead to the

detailed specification of the software modules to be
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coded. In this phase, the main goal of conceptual models
is to clearly define the solution (application to-be)
characteristics, even if still avoiding implementation
details. In the following potential stakeholders (the most
relevant ones) and their relative requirements, gathered in
our experience on the field, are described. It should be
noticed that not all the described stakeholders are also
active users of design method, but their needs can
indirectly influence the method definition.

Designers: are in charge of the system design. Depending
on the reference community, the terminology adopted
within a company, the kind of application, and so on,
different professional figures (e.g. information architects,
interaction and usability experts, and so on) might be
attributed to play this role. Usually several designers
work both in the analysis and design phases thus first goal
is to ease the communication with the analysis activities
and among different designers in the design activities.
For the former, some form of guidance should be
provided to support the passage from the early solution
devised in the analysis activities to the actual design of
the system. This mapping should compromise between
rigour — to enable some form of automatic passage — and
flexibility — to not constraint choices designers have to
perform in the design phase. In this phase, they have to
design models very close to the application to-be, thus
inevitably these models are rich in details and the
specification is often composed by several heterogeneous
diagrams representing different application concerns. To
master the overall design complexity (avoiding naive
designers feel lost) the method should provide an explicit
framing strategy. Furthermore, model drawing is time-
consuming activity that needs proper tool support. In
order to be used in professional environments, support
tools should adhere to the commercial standards. Since
building such tools is an expensive activity, new
modeling methods should be defined so that existing
commercial tools can be exploited.

Usability experts and Graphical designers: depending
on project parameters like those mentioned above, these
roles could be attributed to designers or other
professionals with non technical skills. However, in WEB
applications these aspects are taking more and more
importance and require specific competences. Whatever
is the case, these figures are interested in carefully
defining and reviewing usability and graphical aspects
of the application to-be, thus concerns impacting usability
and layout/graphical aspects should be explicitly modeled
and made easy to access. These experts are used to
analyze and discuss about usability and graphical
concerns by means of mock-up or other similar
representations that closely reproduce the application to
be. Thus, to achieve an effective communication with
usability and graphical experts, models should also look
as close as possible to the actual application.

Software designers and Implementers: define and
implement the software modules that will actually realize,
on the basis of the chosen system architecture, the
application specified by the conceptual models. From our
experience on the field, a recognized lack of existing
conceptual models is that they require a considerable
effort to be mapped into software artifacts. Often, it is
hard to understand which diagrams should be considered
for obtaining a single software artifact and, most of times,
several different diagrams must be composed. For
example in the web domain, to design a server page,
software designers have to refer to information models
for the page data, operation and business process models
for the business logic, navigation models for the
navigation logic and presentation models for graphical
and layout aspects. Software designers consider this
activity being time consuming and, if not properly
supported by tools, a possible source of mapping
mistakes. On the basis of these considerations, models
should embody modeling primitives as closer as possible
to concrete counterparts and that as less as possible
diagrams should be considered to define a software
component. Also the design documentation to be used for
supporting the implementation activities should be
concise and easy to read (many cross-references among
different diagrams are considered highly annoying).
Another highly desirable feature a modeling method
should own, for these stakeholder types, is to provide
predefined mapping strategies — let’s say mapping
patterns — towards the most known architectural patterns.
Finally, most of the interviewed software designers and
implementers were already used to the UML and related
CASE tools, thus they showed a remarkable preference in
having conceptual models described in UML-like
notation and following the UML philosophy, that is,
modeling methods should belong to the UML family.
Product manager: this stakeholder type represents the
most important client counterpart dealing with the
application design, and act as interface of decision
makers, opinion makers, clients and content/domain
experts. Product managers are usually in charge of
assuring the envisioned application will be able to satisfy
the client company expectations, but they also are
responsible of a number of other specific tasks. Among
others, one the most important is to set up the editorial
chain. Their main, somehow opposite, goals are to take
the control of the overall application at a glance and to
get details of specific aspects (related to their tasks).
Desirable features for the method should be to review
models at different levels of detail, to embody most of the
needed information to set up the editorial chain and to
enable some form of requirements tracking.

Final Users: this stakeholder category is the more
important for tuning the application interaction even if it
is also the less accessible for several reasons. In fact, they
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usually are not part of the client, are barely identifiable
and their characteristics can vary remarkably.
Nevertheless, gathering some feedback from potential
users before the coding activities start can bring several
advantages since modifying models is much less
expensive than modifying code. From our experience
[27], a discussion with users mediated by models is
usually ineffective because they need to see and handle
application as it were running. Application prototypes are
much more effective in this development stage, thus
models should be easy to turn into prototypes.

Testers and Evaluators: models produced in the design
phase are also used by testers and evaluators once the
application has been implemented. In these phases,
models should provide the ground for setting up the
testing or evaluation plan. Testers and evaluators need
different concerns to be evaluated being easily
identifiable in the implemented application. Moreover,
models should look very close to the implemented
application so that testers and evaluators can easily match
the running product to the originating models.

Table 1. Requirements for a conceptual tool for the
design phase.

Stakeholders Design Requirements

Designers R1. provide guidance for passing from early
solutions to actual design

R2. compromise  between rigor and
flexibility

R3. provide a framing strategy

R4. enable to exploit existing commercial
tools

Usability and | R5. distinguish and make easily accessible

Graphical concerns impacting usability and

experts layout/graphic

R6. models should look as close as possible
to the actual application

Software R7. modeling primitives as closer as
designers and possible to concrete counterparts
Implementers | R8. as less as possible diagrams should be

considered to define a software
component

R9. Concise and easy to read specification
documents

R10. predefined mapping strategies towards
the most known architectural patterns
R11. belong to the UML family

Product R12.review models at different levels of

manager detail

R13.embody information to set up the
editorial chain

R14.enable requirements tracking

Final Users R15. models easy to turn into prototypes
Testers or | R16.different concerns to be evaluated being
Evaluators easily identifiable

R17.models should look very close to the
implemented application

4. The whole framework at a glance

In this section we briefly introduce the whole
methodological framework to better contextualize the
proposed conceptual modelling method. In all the section,
we specify precise references to the requirements
discussed above as it becomes necessary.

In Figure 1 the composing phases are shown. A
different modelling method is proposed for each of them.
As well as other software development processes, we
assume that these phases should be executed in an
iterative and incremental way, therefore the picture only
purpose is to express the phases order within the whole
process. Considering the entire development process of a
web application, we can say the framework covers both
the analysis and design activities [28]. Moreover,
adopting the Jackson terminology [22], we distinguish
between the problem and the solution domains. These
dimensions, the process and the domain, are used to
organize the following discussion.

Conceptugl Design

Phase 1 Phase 2

Requirements Requirements
elicitation/analysis design

UX design

Problem Domain Solution Domain

User Oriented

Analysis

Figure 1: Phases in the development process of Web
applications

The two left more phases are both achieved during the
analysis activities. For supporting the requirements
elicitation and analysis (phase 1) we propose AWARE
[1], a goal-oriented method specially suited for web
application  requirements  engineering. AWARE
primitives include goals and requirements which
definitively belong to the problem domain.

However, in our experience, discussing with
stakeholders (analysis) about needs and goals can be too
abstract for a fruitful reasoning about relative importance
of various goals and requirements and for eliciting new
ones [27]. A first very high level solution, focusing on
specific topics, can help validation and elicitation
activities (e.g. interviews) enabling a more concrete
discussion about the problem. We call this activity
Requirements Design (phase 2) meaning that in this
phase requirements take a more concrete form
accomplishing a preliminary hop from the problem
domain to the solution one. In this phase we use IDM
[24]. IDM (Interactive Dialogue Model) is a design model
for interactive applications based on linguistic concepts of
human dialogue. It bases on the interpretation of the
interaction between the user and the application as a sort
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of dialogue. It is simple to grasp, and effective in
representing the most relevant features of the application
in terms of content of the dialogue and dialogue moves.
In fact, three simple design elements characterize IDM:
“topic”, “change of topic”, and “group of topic”. An
interactive application may describe a “topic” (e.g. a
“print”, or a “technique™); or it may allow the user to
switch to a “related topic” (e.g. switching from a “print”
to the “technique” used for it); or it may allow the user to
start from a “group of topics” (e.g. “the masterpieces”, or
“the prints dealing with sickness”) and then browse
within the group.

Although in traditional SE approaches requirements
are directly used for designing the software architecture
(e.g. class diagrams, component diagrams, etc. using the
UML terminology), in applications where the user
interaction and the communication potential play crucial
roles, the software design has to be postponed to the user
experience design [12]. In this phase the application is
designed as perceived by final users, neglecting how the
software will be realized. Here, designers have to
precisely define how users interact with the application to
accomplish their tasks, taking care of the application
usability and effectiveness with the respect of user
requirements and quality expectations. In our framework,
we achieve the concrete passage into the design phase by
translating IDM models (phase 2) into E-WOOD ones
(phase 3). IDM and E-WOOQD, together, build up our
approach to the conceptual design of WEB applications.
Both methods take their foundations in W2000 [25, 26],
last heir of HDM [6] recognized as one of the first
conceptual methods for web application design. As
described in section 2, W2000, as well as other similar
conceptual models, implements the separation of
concerns principle by structuring the design in four
dimensions. Both our methods keep this principle at the
basis of their definitions but projecting the previous
dimensions in a sole dimension for the sake of
conciseness, for reducing the number of concepts to be
learnt and references among diagrams (R8,R9). The last
step (phase 4) consists of a detailed design of the software
that will be implemented to realize the desired user
experience. This is generally called logical design of the
system to-be. Passing from phase 3 to phase 4, a
paradigm shift is achieved since, in phase 4, designers
have to design the system that will realize the modelled
user experiences. This passage is far to be straightforward
and a number of trade-offs with the architectural
constraints and various decisions have to be undertaken
[27]. Models produced in this phase should specify a
design easy to code. Here, we adopt the modelling
method proposed by Conallen, namely WAE [12]. Our
choice has been driven by two main reasons. First, it is
already recognized in the industrial environment as the
UML method for designing the software for web

applications and a number of CASE tools already support
its diagram drawing (e.g. Rational Rose, MS Visio).
Second, as shown in paragraph 4.2, it is very easy and
intuitive mapping WAE models upon E-WOQD as far as
most of times, only one E-WOOD artefact is needed to
define a set of related WAE artefacts (R8,R9).

Finally, the methodological framework also includes a
number of guidelines on how to use every method within
each phase and how to move forward and back between
adjoining phases. Guidelines are informally described in
terms of patterns [29] so providing an useful but flexible
guidance (R1,R2). They also front specific design issues
like the multi-user and multi-channel design. Lack of
space prevents us to describe this aspect, but the complete
set of guidelines can be found in [27].

5. E-WOOD: the user experience design

Our proposal for designing the user experience, called
E-WOOD, has been defined as a UML extension. UML
has been chosen as modelling language to meet R11,
while the extension mechanism has been preferred to
defining a metamodel in order to exploit easily existing
commercial tools (R4). Our model extends an existing
proposal for designing the user experience, that is, the
UX [12] since, as shown in the Conallen’s book, mapping
WAE models upon UX ones is easy and intuitive
(R8,R10,R17). UX’s high level primitives are screen and
links, and an application is merely considered as made up
of a number of screens connected by links. Typically, a
set of WAE artefacts are mapped upon a screen by means
of realization associations (stereotyped as <<build>>),
specifying which logical elements (WAE models) build
the various parts of the screen (contents and links). Our
main goal in extending the UX has been to add the
needed semantics (extracted by the W2000 primitives) to
enable the separation of concerns impacting the
application usability, its functionalities and the whole
quality (R5,R13,R16). In E-WOOD different concerns
are specified in different views and by introducing
specific design concepts. These concepts have been
defined extending standard class and association
elements in terms of stereotype, semantic description,
constraints, tags properties. An additional property
(mapping constraints) has been also introduced to specify
mapping constraints between IDM and E-WOOD models
(R1,R2). As well as in UX, E-WOOD high level
primitives are screens and links. Screens can aggregate
both content and input forms; links can be used to
perform a simple navigation among pages or to provide
inputs to operations and processes. E-WOOD maodels are
thus very close to the application to-be (R6, R7, R17) and
easy to turn into prototypes or mock-ups (R15). Keeping
these basic primitives we have also preserved the proven
mapping capabilities towards the WAE (R10, R8).
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The introduced semantics is also used to define a
framing strategy (R3) which helps designers organize the
overall design activities, fosters reuse and make design
documentation more readable (R9). The framing strategy
mostly reflects the W2000’s design dimensions. E-
WOOD proposes to organize the design of the overall
application in five views. Each view includes several
diagrams and makes use of specific stereotyped classes.
Due to the lack of space, in the following we only
introduce the main views to show the philosophy behind
our method and how we have tried to accomplish the
above stated requirements. The complete specification
can be found in [27].

The Template View is used to define common contents
and links of page sets. Examples of common contents
could be the copyright information, the company logo and
so on, whilst examples of common links could be those
connecting to the home page or to the various site’s
sections (like those on the bottom of many web sites).
Typically the template design involves the graphical
designers who are in charge of the application look-and-
fell (R5). The basic primitive used in these diagrams is
the <<Screen Template>>, an abstract class used as place-
holder for content and links belonging to a set of screens.
Layout contents (both information and graphical
elements) and common links are modelled respectively by
means of <<Layout Content>> and <<Landmark link>>
primitives. In Figure 2 a Web page of Munch is shown
together with design excerpts taken from the template
view.,

isten to this web site
gortn”

o
<<Screen Template>> Sl
Masterpieces @ <<Screen Template>>
General Template landmari
All Pages Template
landmark
F <<L'ay°E‘t Content>> Thematic Tour
Highlights
w
<<Screen Template>>
landmark
landmari E General Template
Al Prints

Figure 2: Some excerpts from the Template view

Every Munch’s Web page includes contents and links
highlighted in the picture by continue line rectangles,
while only some pages include also the set of links
highlighted by a broken line rectangle. To model this we
use two <<Screen Template>> abstract classes
modelling the two different templates. The diagram on
the bottom right corner shows that a specialization
relationship is used to specify the hierarchy between these
templates. The layout content belonging to the “General
Template” is represented by the <<Layout Content>>
class aggregated to the template, while the outgoing links
are represented by means of the stereotyped associations
<<Landmark>> ending on the target pages. It can be
noticed as <<Screen Template>> is modelled as abstract
class since it is defined only for generalizing content and
links belonging to a set of concrete pages. A specific
constraint is provided in the formal specification of the
UML extension.

The Structural View is used to define pages enabling
users explore information concerning the domain entities
or IDM’ topics. <<Content>> classes are aggregated to
screen classes and models portions of the whole topic
information. <<Structural link>>s are used to model the
navigation achieved across pages belonging to the same
topic. For example, as depicted in Figure 3, the overall
information concerning the “Print” entity are organized in
three pages (Introduction, Big Image and Description)
which are connected by means of bi-directional links
originating from the “Introduction” page. Each IDM topic
is mapped on a number of content classes (and relative
pages) equivalent to the number of its dialog acts.
Content classes are then enriched by a fine-grain
definition of data slots which can be used as input for
setting up the editorial chain (R13). Content classes
contain a Boolean tagged value called entry point whose
purpose is to specify whether that portion of the content
can be used as starting point for exploring the entity
information. Following our framework guidelines, such
pages should include, at least, a minimal set of entity
attributes that can be used by the user to understand what
the entity instance talks about. Information organization,
kind of navigation and entry points are concerns usually
discussed with communication and usability experts
(R5,R16) taking in mind that when users navigate these
pages are clearly interested in improving their knowledge
about the entity.
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<<Screen
Template>>

General
Template

f

Print

\ i 1
[ | [ | B

BigImage | p| Introduction | o | Description

[ <<Conten>>

Print Bigimage

[ <<Content>>
Print Introduction

@ <<Contenf>>
Print Descriptior

EntryPoint=true

Name String Name String

Big Image Image ISmall Picture Imag
Print's Data String Introductior  String
Print's Data String

Name String
Small Picture Image
Descriptior String
Print's Data String

Figure 3: a) Structural view for the "Print" topic;

In the Association View designers specify how to pass
from a discovered interesting topic to a related one
(relevant relation in IDM). For this part of the user
experience design, it is very important to carefully decide
how to enable users to understand which of the possible
target topic instances they are interested in. This aspect is
called, in the HCI community, information scent and is
one of the factors strongly impacting the application
usability. In E-WOOD we use to this purpose the
<<Association Content>> (Figure 4 (a) and (b)). In (a)
these information are integrated in all the “Print”’s pages
(it is aggregated to the abstract page representing the
common features of all the structural pages) and
<<Association link>>s connect these pages to the target
one. In (b), the “Technique” page includes a <<Link>>
association which brings to new page “Prints of the
Technique” whose only purpose is to list the possible
target “Prints” which have been produced using the
source “Technique”. From this page a <<Association
link>> point to the destination pages. The <<Association
link>> primitive includes a tagged value that specifies the
association multiplicity in terms of min, max and expected
values. In particular, the expected multiplicity provides a
useful indication about how many instances of the target
entity are in general addressed by the association. This
information can be used for taking some design choices
like attaching the <<Association content>> to the source
page or defining a new ad-hoc page (the two possible
solutions shown above). Having max or expected
cardinality very small, our guidelines suggest aggregating
the <<Association Content>> to the source pages, while
in case the expected number grows up, we suggest the
other solution.

Technique link [ Prints of@
Print techinique
@
(b)
‘EE <<Association
4:& <<Association 4:& <<Association Content>>
Content>> Content>> Was used for
Is Made with Was made during
Print Name
Technique Name PeriodOfLife Name Pr!n( SmallPicture
Print Data
ASSO(EIE(IOI’! Link i i Association Link Association Link
.n2 1
1.r 10
Technique Period of life . E
Print

Figure 4: Association views

In the Access Path View designers have to specify the
navigational paths enabling users find interesting objects.
For example in an e-commerce web site like Amazon,
examples of predefined navigational paths are the books
categories which organize books by topic and sub-topics,
but also a “Bestsellers” or personalized “Book
recommendations” and so forth. The purpose of these
pages is supporting users while exploring the proposed
site content organization improving the user
understanding. Such pages should help users in deciding
how to move around possible choices enabling them
exploring in depth the navigational path. In each path
step, possible users should choice how to refine the set of
possible interesting kinds of topics or, in case of terminal
steps, which topic instance is worth to be examined
(passing to the structural navigation) among the possible
ones. Navigational paths are related to the IDM “Group
of topics” concept. In the example in Figure 5, the E-
WOOD model of a one-step path enabling users access to
the most famous Munch’s prints is depicted. The access
structure is available in the page modelled by the
<<Screen>> “MasterPieces”. Here users can find an
“Introduction” to the collection and a list of prints. For
each print a short preview is provided by means of three
print’s attributes: “Small picture”, “Name” and “Print’s
data”. This information is modelled by the <<Access
Content>> class aggregated to the <<Screen>>
“MasterPieces”. By means of these previews users can
choice which print they are interested in and navigate to it
by means of the <<Collection Link>> “Index”. Once
users land to the choose print page, he can also move
back and forward among the collection members (other
MasterPieces prints). To model this, in this diagram the
<<Collection Link>> “Next/Previous Masterpieces” is
added to the abstract <<Screen>> “Print”. It represents
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the E-WOOD model for a case of guided tour pattern. It
is important to be noticed as these links are only available
in the context of this collection, so if the user reaches a
print by other access mechanisms (other access paths,
associations, search engine, etc.) he cannot move among
prints contained in this collection. Access paths usually
define a navigational context, in that new content and
links can be added to entity pages when accessed by a
specific access path.

<<Screen Template>>

All Pages
Template

‘F

=]

Masterpieces

A <<Access conteni>> Collection Link @ Collection Link
Index Next/Previous

Masterpieces Print Masterpiece

Pattern=GuidedTour

Introduzione text
Print Name

Print SmallPicture
Print Data

Figure 5: An excerpt of the Access Path View for
the Masterpieces page

Besides these main views, we also propose a
Navigational Map View that summarizes the main
navigational features of the entire application. Our
guidelines suggest how to choice candidate pages, among
the overall defined in other views, to be included in the
navigational map. Switching from the navigational map to
the detailed design of contained screens it allows R12
being accomplished. Finally, the Operation/Process View
complements the previous views adding to pages
concerns related to operations invocation (e.g. “add to
shopping cart”) and defining pages involved in business
processes execution. Lack of space prevents us to
describe this complementary view.

6. Conclusions

We all know that the existing literature about
conceptual methods addressing the design of Web
applications is (over)abundant. On the other hand, we
also know that a remarkable gap between theory and
practice still exists [14, 15, 16],[3]. Which are the reasons
behind the poor acceptance by the practitioners? Starting
from these considerations, in this paper we have claimed
that a possible reason might be that existing proposals
have failed short by neglecting stakeholders’ goals and
expectations. In this light and focusing on the
development of WEB applications, we have carefully
analyzed the environment where a design method should

operate identifying which are the potential stakeholder
types and their goals and requirements. On the basis of
this analysis, instead of inventing new design methods,
we have reused or extended the best, in our view, of
current approaches both in the academic and industrial
communities. The approach covers both analysis and
design activities and consists of four phases, executed in
an iterative and incremental way. Defining it, we put in
practice most of our experience achieved working on the
field with conceptual design methods for Web
applications [3], [27].

This paper has focused on our proposal for the user
experience design, namely E-EWOOD. It is a UML
profile that enables to specify the user experience in terms
of pages and links but that embodies semantics enabling
designers reason together with different stakeholder types
about crucial concerns heavily impacting the application
usability and effectiveness, that is, its perceived quality.
Moreover, due to its definition, E-WOOD can exploit
existing commercial tools for supporting the model
drawing and perfectly match an existing and already
affirmed, among practitioners, method for designing the
software modules of a WEB application.

The approach has been applied in several design and
reverse design case studies and industrial projects. Its
transferability in industrial environments has been also
experimented in two projects in cooperation with two
Italian software companies (in the context of the
GENESIS-D projects [27]). From these first experiences
a number of considerations can be drawn out. Compared
to W2000, we have noticed a significant decrease of the
required learning time. Practitioners were able to use both
methods after a short but intensive course (2-3 days).
They drew IDM models using paper and pencil, while
used VISIO™ stencils for designing E-WOOD and WAE
models. In all the achieved experiences, we spent, with E-
WOOD, on the average one third of the time required by
W2000 to produce the same level of detail in the
specification of several application designs. This has to be
summed to the time required for manually drawing IDM
models which is, however, very affordable. Compared to
UX, we obtained several advantages mostly due to the
introduced semantics. Models are more expressive and
easy to be revisited; the framing strategy enables a
suitable organization of the overall design activities; a
number of well know design patterns, developed in the
web engineering community, can be exploited to produce
quality applications.

Finally, concerning future works, we are working in
two main directions: (i) enriching the framework with
guidelines and patterns for fronting specific aspects like
the multi-channel design and the mapping of E-WOOD
models upon the most known software architectures
(JAVA and MS.NET); (ii) Concerning the second point,
as said above, one of the reasons which guided our
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decisions in defining methods in phase 3 and in adopting
WAE in phase 4 has been the reuse of commercial CASE
tools already widespread in the industrial environment
like MS Visio® and IBM Rational Rose®. So doing,
companies already accustomed to these tools can easily
step towards the adoption of our methods only adding a
few stereotypes and our views strategy. Existing
commercial tools do not support the design of models of
phase 1 and 2. In order to improve the coverage of the
whole approach with proper tools, we are already
working for defining an ECLIPSE [30] add-in which
should include, besides all the modelling primitives, also
a set of semi-automatic rules for passing from a phase to
the next one, some tracking mechanism among phases
and a loose consistency check option. For example, the
consistency manager could check if the several user views
can be actually derived by the unique database and if the
logic perceived by users when executing processes is
compatible with the business processes implemented at
the logic level.
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Abstract

Since more than a decade, several methods for
engineering and developing web applications have been
introduced and extensively used. Since these methods
often focus on data and related processes, their approach
to conceptual modeling of web applications is centered
on the notions of data, objects, functions, processes, and
services. In this paper, we show that these methods could
be expanded by modeling the user interface of such web
applications by adopting a user-centered approach based
on a task model. A task model represents the user’s
viewpoint on how to manipulate these data and trigger
these functions so as to reach the goal associated to the
task. Depending on the user, several different task models
could be elaborated and each task model may lead in turn
to different user interfaces for the same data and
processes, as opposed to a single user interface as
produced by traditional development methods. For this
purpose, a case study is presented that demonstrates how
a task can be modeled so as to represent the user’s
viewpoint in the user interface and to refine the dialog of
the application.

1. Introduction

The development of Web applications is known to be
as a complex activity due to many factors that need to be
considered simultaneously: the evolving nature of
applications, the multidisciplinary nature of development
team, the competitive points of views for the application,
the complexity and incompleteness of user requirements,
the tight schedules for delivering the Web application [1,
6, 13]. In particular, many currently existing Web
applications must follow predefined business logics and
complex transactional operations and services requiring
integration with distributed databases and legacy systems.
Notwithstanding, the early Web was born as a
hypertext/hypermedia system and it still preserves many
of its hypermedia influence. As a result of this hybrid
heritage, the development of many Web applications may
tend to prefer considering aspects typically addressed in
document management systems (e.g., information
architecture), software engineering (e.g., functional
architecture) [9].

To cope with this complexity, the Web Engineering
community has investigated and defined models and

notations intended to support the design activity of web
applications that surpass the capabilities and the aims and
goals of merely those found in document processing and
software engineering. Several models for the
development of Web applications have been proposed
and extensively used in the recent years such as the OO-H
method [8], the Object-Oriented Hypermedia Design
Method (OOHDM) [15] and WebML [3]. Such models
sometimes consist of an adaptation from previous work
on Hypermedia Systems, Object Oriented methodology
and Formal Methods. Those models which have been
influenced by Hypertext Systems and Object Oriented
methodology, propose solutions based on the concept
authoring-in-the-large; which means they provide abstract
models describing the overall classes of information
elements and navigation structures without much concern
for implementation details [7].

Most development methods existing for web
applications base their conceptual modeling on the
objects (or data) and their related methods, functions, or
services. The consequence of this hypothesis is that the
types of task that can be derived from these models
frequently adopt the traditional CRUD (Create, Read,
Update, Delete) pattern: tasks are limited to basic
operations on objects and their relationships. When some
methods go beyond this simple pattern, the dialog of the
resulting user interface is assuming a transactional
scheme: all data that are manipulated by the task are
supposed to be entered and all methods that are required
to accomplish the task should be triggered by the user.
But no order is assumed, thus resulting in a dialogue
where no contextual consideration is supported. For
instance, such methods cannot model fine-grained
dialogues such as: if the user selects this radio button,
activate dynamically this push button associated to that
service, enter information with this order that can
dynamically change according to the user’s preference,
dynamically change a form according to user’s reply,
display this window according to the previously done
operations. In other words, the dialog is often restricted to
navigation between pages and screens, not to fine dialog.

Work on “classical” interactive systems has shown the
central role played by task analysis for designing usable
and useful systems [2, 11]. Task models allow the
description of high-level user requirements in terms
activities that must be performed by the user and/or by the
system in order to reach some goal. The modeling
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produced with task models leads to many different
implementations. One advantage of this is that we can
compare different design options prior to the
implementation, thus saving time.

Most of the user’s tasks over the Web concern the
navigation [6]. By navigation we understand here all
activity allowing users to move from a Web page to
another, which covers supplying information through
forms (identified as part of electronic procedure using a
database), following a navigation paths or freely
exploring the information space.

This paper argues that the use of task modeling can be
employed synergistically with navigation modeling to
improve the usability of Web applications designs. The
Section 2 describes a general method centered on user
tasks. Section 3 presents a case study for a Digital Library
which demonstrates our approach. Section 3.1 presents
the user roles for the application. Section 3.2 presents the
modeling of user users’ tasks by the means of the
ConcurTaskTree notation (CTT) [14]. Section 3.3
introduces the StateWebCharts notation (SWC) [18] and
presents the corresponding navigation models for the
digital library. Section 3.4 shows how to drive from
navigation models with SWC to the prototyping of the
digital library. Section 4 presents a discussion and related
work. Lately, Section 5 presents the conclusions.

2. A Method for Web User-Centered Design

We assume that the phase of requirements engineering
has been already started and designers have identified the
users’ profile, their informational needs as well as the
underlying data model. The method presented here does
not impose any particular notation. We used to describe
the user profile and informational requirements by textual
scenarios. The underlying data model is described by the
means of a UML class diagram. The approach for
modeling is made up by following these steps:

1) Identify the different roles performed by the user;

2) Create a task model for each role;

3) For each task model create an individual navigation
model;

4) Create relationships in the navigation model for any
further informational requirements;

The step one 1 is performed in the very early phases of
development when the target audience for the Web
application is set up. The tasks of each user role are
specified by the means of a task model at the step 2. In
the step 3 task models guide the process of navigation
modeling; in addition, designers can include relationships
to describe system behaviors as reaction to user
interaction, which is not described by task models. The
step 4 is made up by detailing the navigation in order to
include relationships based on informational requirements
(e.g. allow users to return to the main page of the Web

site whenever the page they are navigating). Additional
transitions and states can be included into the model to
represent single pages, external relationships, index,
guided tours or any other navigational requirements.

3. Case Study: Informal Description

Our case study is the digital library of theses for the
French Association on Computer-Human Interaction
(AFIHMY). The main aim with this Web application is
allowing users to navigate, search and update a digital
library of theses on the HCI field. The general idea
behind this Digital Library (DL) is to allow users to feed
the database with little effort and control by the AFIHM.
Since some users could create unexpected records (e.g.
supplying incomplete/inappropriate information,
mistakenly changing a record) the Web application
should support a kind of review process. This review
process is made up by a system administrator who
decides to give or not his authorization to publish a thesis
in the catalogue after have been notified by mail each
time a user submit his/her thesis. The informational and
functional requirements for the application can be
summarized as follows:

a) To provide searching and browsing facilities;

b)  All visitors can create for free their own account

¢) Only users having an account can submit and
download thesis from the DL;

d) To ease updating the catalogue’s contents by users;

e) To support a fast review process of thesis;

f)  Allow users to navigate from the Digital Library to
the AFIHM’s Web site;

g) Notify users about the status of their submission (i.e.
accepted, refused, etc.).

Due to space restriction, only a portion of the task
models and navigation models produced for the case
study are presented below.

3.1 User Roles and Tasks

Table 1 presents the roles which have been identified
for the application (“everyone” and “system
administrator”) and their corresponding (allowed) tasks.
The role “everyone” corresponds to any Web site visitor,
which covers the profiles “Not logged in” and “registered
user”. The browsing and searching facilities of the
database are available to everyone but a user only can
submit or download a thesis in the electronic format if
s/he is logged into the system. The user role “system
administrator” refers to someone who is responsible for
supervising the submissions.

! AFIHM is the French acronyms of “Association
Francophone d'Interaction Homme-Machine”. More
information available at: http://www.afihm.org/
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Table 1. Target audience for the AFIHM’s theses Web site.

Role User Profile Pre- (allowed) Tasks
conditions
Everyone Not logged in | none Query (Search Digital Library)

Create an account

Log into the system

Registered Logged in | Query (Search Digital Library)
user Download thesis

Update account information

Submit a thesis to the
catalogue

System Have access |Loggedin | Review submissions
administrator | rights
Full control
over the
catalogue

3.2 Modeling User Tasks for the Digital Library
with the CTT Notation

We start by modeling individual the tasks without in-
between dependencies such as “Query” and “Log into the
system”. Fig.1 presents these tasks by using the CTT
notation [14]. In CTT, tasks are organized in a hierarchy;
for example in Fig. 1.a, the task “Query” is accomplished
when its subtasks “Provide Keyword” and “Show result”
have been completed. The relationships between tasks are
based on LOTOS operators such as enabling (operator
>>), enabling with information passing (operator []>>),
task interruption (operation [>), etc. CTT notation allows
modeling 4 types of tasks: abstract task, user tasks,
application task and interactive task. The Abstract tasks in
CTT are tasks which require compound tasks such as
“Query” (Fig.1.a) and “Log into the system” (Fig.1.b).

User tasks are entirely performed by the user without
interacting with the system (not used in this case study
example). Interactive tasks are performed by the user with
the system such as tasks “Provide Keyword” (Fig.1.a) and
“Provide identification” (Fig.1.b). Application tasks
describe actions performed by the system without user
intervention, for instance “Show result” (Fig.1l.a) and
“Validate User Identification” (Fig.1.b). In the sequence,
we designer can create more complex relationships
between tasks. For example, Fig. 2 shows a complete task
modeling for download a thesis form the Digital Library.

&

B

ﬁ):f — 0= I!l!

Provide Kewword  Show result
a) CTT model for the task “Query”

&

Lo intd the Em

ﬁ_}-”f [== I!.!

FProvide identification  Walidade user [dentification
b) CTT model for the task “Log into the system”

Fig. 1. CTT models of individual tasks without in-between
dependencies.

Cownload P rfro igital Likirary

[:~

Log-t1ia the
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Provide Mentification

Reuse of tasks
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Diownload

Fig. 2. CTT modeling for a download a thesis from the Digital Library.
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It worth noting in Fig. 2 the reuse of tasks “Log into the
system” and “Query”. The relationship (|=|) means that
these tasks can be performed in any order. The system
only performs the task “Send the file” after s/he has
searched the digital library and get logged in the system
can. In this modeling, the task “Query” is iterative
(represented by the symbol *). To allow the interruption
of this iteration the user can perform the task “Request
download”. The task “Log out” was added to allow the
users to exit the application at any time. The operator
“[>" indicates the interruption of the task.

By exploiting to the task model above it is possible to
perform several scenarios (see Table 2). The scenarios
presented in Table 2 are used to evaluate all alternative
sequences for the task “download a thesis from the digital
library”. The scenarios below do not impose any
particular implementation that means user tasks can be
better understood without to have to planning how to
support them by the system. This kind of analysis is made
possible because user tasks are considered from the point
of view of the users need for the application and not how
to represent the user activity with a particular system.

Table 2. Some possible scenarios for the task “download a thesis
from the digital library”.

Scenario 1 Scenario 2 Scenario 3

x Provide Identification | Provide Keyword Provide Keyword
8 < | Validate User Show result Show result
E S | 'dentification Provide Identification | Provide Keyword
¢ 3 | Provide Keyword Validate User Show result

Q - .
8 % | Show result Identification log out
5 Request download Request download
[}

Download Download

3.3 Modeling the Navigation for the Digital
Library with the SWC Notation

As described in previous section, some tasks require users
to provide a keyword for querying a database or to
provide their identification for getting access to private
documents. In these cases, navigation models must
represent what happens if the user identification fails or if
the database records do not match to the keyword. These
issues are better represented by navigation models than
task models.

For navigation modeling we have proposed the StateWeb-
Charts notation (SWC) [18]. SWC is a formalism based
on StateCharts [10], which has been extensively used to
model complex/reactive systems. StateCharts can be
defined as a set of the states, transitions, events,
conditions and variables and their inter-relations. In
SWC, states are abstractions of containers for objects
(graphic or executable objects). For Web applications
such containers are usually (but not only) HTML pages.

States in SWC are represented according to their function
in the modeling. States can be static, dynamic, transient or
external. Static states represent static content while
dynamic states represent pages generated dynamically by
the system. Transient states describe a non-deterministic
behavior in the state machine; they are needed when a
single transition cannot determine the next state for the
state machine. External states represent external modules
for the application of external Web sites. In a similar way,
a SWC transition explicitly represents the agent activating
it. Transitions whose event is triggered by a user are
graphically drawn as continuous arrows while transitions
triggered by system or completion events are drawn as
dashed arrows. Each individual Web page is considered a
container for objects and each container is associated to a
state. Links and interactive objects causing transition are
represented by events. The operational semantic for a
SWC is: current states and their content are visible to the
users while non-current states are hidden. Users can only
navigate outgoing relationships (represented by the means
of transitions) from current states. When a user selects a
transition the system leaves the source state which
becomes inactive letting the target state to be the next
active state in the configuration. SWC also provides the
pseudo-states as those found in StateCharts (i.e. shallow
history, deep history, end state and initial state). More
details about SWC can be found in [18].

In order to exemplify the elements of the SWC notation,
Fig. 3 presents the SWC modeling for doing a query over
the digital library and logging into the system which
correspond to the tasks “Query” and “Log into the
system” presented by Fig.1.a and Fig.1.b, respectively.

I/Oue-ry \l
; send keyword

P generate list

prowicde keyword

new gearch

a) Navigation model for the task “Query”

'(Lo-g into the system )

provide identification l

postienail, pwd)
Show logged §
I.p W dagec *

walicdate user icdertification ] welcame |

b) Navigation model for the task “Log into the system”

repost(email, pwd)

frry again "'l

Fig. 3. SWC modeling to log into the system (a) and query (b).
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(Dowmilozd Faper from Digital Library ™
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repost(email, pwd) postielmail, pwd)
slart search digital library - -
i ’ - show logged i
rTr:,r again |
retufn frofn sepich DL — | I waliclate user identification ] welcames
_Ermror 1 —
. _ A
request puthentication search DL
h
("Search Dicgtal Lilbrary ™y
; ] ™
waliclate cownloacl e
- send lkeyword
prowvice keyword ﬁ'
‘show results
______ [
|
generate list
request downldgd .
p A
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Fig. 4. SWC modeling to log into the system (a) and query (b).

In Fig. 3.b, the states “provide identification” and
“validate user identification” correspond to the subtasks
in Fig.1.b. The state “validate user identification” is a
transient state which does have a visual representation to
the user. This state is associate to dynamic state “Try
again” which is dynamically generated and presented to
the user if the login fails. Otherwise, the transient state
present the welcome page represented by the static state
“Welcome”. We can observe that these states correspond
to the subtasks in Figl.b but they also include new states
(i.e. “Try again” and “Welcome”) and transitions (i.e.
“Error”, “Show logged in” and “Repost(mail,pwd)”
which are required to describe the behavior of the
application in response to user tasks.

The Fig. 4 shows the complete navigation model for
download a thesis from the Digital Library including the
support for the tasks “Log into the system” and “Query”
(the digital library). Similar to the previous examples, this
SWC modeling includes transitions that complete the
description of the system’s behavior. In addition, it
features some transitions supporting content-based
navigation such as “return from auth.”, “get logged in“,
“return from search DL”, “start search digital library” and
“Search DL”. Notice that these transitions link static
states such as “home” and “welcome” which correspond
to static documents. When linking up states by the means
of transitions we can create all the navigation required by

the users whether it concerns content-based navigation or
navigation required to follows a specific procedure.

3.4 Prototyping the Web Application

The edition, simulation and prototyping of SWC models
are supported by the tool SWCEditor [17] (see Fig 5).
After we have verified that the navigation built with SWC
holds in our requirements we can start by creating the
Web pages that correspond to the SWC model. The Web
pages were built using a visual environment independent
from SWCEditor since, at the present, it does not
integrate a Web page editor. Once we have prototyped
each individual Web page for the application, we returned
to SWCEditor and we associated each state to a Web
page. Each state visible at the user presentation is
associated to a Web page which includes the content and
the graphical presentation for the objects. The SWCEditor
supports the simultaneous simulation of SWC models and
the execution of the corresponding Web pages. Fig. 6
provides a view at glance of this process. The navigation
modeling for the digital library of AFIHM is presented at
left highlighting the current state in the simulation (i.e.
the state “home”). At right, Fig 6 presents the
corresponding implementation of the home page. We also
can observe at left of Fig 6 a dialog window showing a
list of transitions going out from the state “home”. These
transitions are translated to links at the home page. The
arrow links indicates this translation.
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4 Discussion and Related Work

When designing Web applications, we have to pay
attention to the users’ tasks and to the users’ mental
model about the information space in order to help users
to navigate efficiently the application. The efficiency of
Data-driven approaches is limited to the navigation one
can extend from an underlying database. The main
problem of such as an approach is that the underlying
database does not necessarily (and quite often doesn’t)
represent the user mental model for the Web application.
Even though task modeling is widely considered as
helpful activity which let design to analyze the user
activity without influence of technological constraints, the
actual use of task models for the design of Web
applications is underestimated mainly because current
approaches for the design do not provide any guidance on
how to integrate task models into the design process.

We assume that tasks models are not suitable for
representing part of the system because the way users
have access to information is part of the system
specification not part of the user task [19]. Keep task
models independent from system models allows the
analysis of user needs for tasks and the transformation of
such as models according to the modality and any other
implementation constraints. For example, a task model
should not inform how many pages a user must visit to
accomplish a task because the number of the pages is on
the system domain which can adapt the number of pages
in the presentation dynamically according to parameters
such as the device employed, the preferred modality for
user interaction (graphic, sound/voice, etc), and so on.
Thus both task models and system models (in the case of
the Web navigation models) must be employed
synergistically to produce appropriated User-Centered
Designs.

As discussed in the first section, most development
methods existing for web applications base their
conceptual modeling on the objects (or data) and their
related methods, functions, or services, and they derive
tasks from the traditional CRUD (Create, Read, Update,
Delete) pattern: tasks are limited to basic operations on
objects and their relationships. When some methods go
beyond this simple pattern, the dialog of the resulting user
interface is assuming a transactional scheme: all data that
are manipulated by the task are supposed to be entered
and all methods that are required to accomplish the task
should be triggered by the user. These development
methods focus on the designer's point of view about the
content and the navigation of the web application.
Moreover, when the user’s perspective is taken into
account it is often introduced very informally. When
dealing with large web application this informal process
reaches its limits and often leads to usability failures.
Inappropriate navigation design of applications as one of
the main sources of usability problems related to the

navigation [4]. The hypertext interconnections in Web
applications can be extremely complex and designers
could benefit from tools and guidelines to support and
assist them. Tauscher and Greenberg [16] describe some
patterns of navigation but their results don’t explain
which tasks are engaged while these patterns are used.
These studies try to describe user tasks at a high and
generic (activity) level but don’t provide any information
about how task modeling could be performed or how a
task model can be exploited within the development
process of a web application.

Only a few works have been addressed the problem of
model user tasks for the Web Design. The WSDM
method [5] tackles many usability concerns and user
requirements which are quite often neglected by other
methods. However WSDM don’t provide a way to model
and analyze user tasks without having to take into account
the system model. SOHDM approach [12] relies upon
scenarios to guide all the design activities concerning the
development of Web applications but it does not take into
account non-functional aspects that are relevant for a
user-centered design process. As mentioned before, both
content-based and task-based navigation should be
supported by navigation modeling methods.

5 Conclusions

This work has presented a Task-Centered Approach for
navigation modeling. Our aim is to demonstrate how to
describe user requirements by the means of task models
and scenarios and how to transform them into
navigational paths. For this purposes we have employed
the CTT notation [16] to represent user tasks because it
enable us to explicitly represent the tasks that are
performed by the user, by the application and those which
are interactive (i.e. require both system and user
intervention). For navigation modeling we have employed
the SWC notation [18] because it provides non-
ambiguous descriptions for the navigation and it
explicitly where user and system act changing the state of
the application. Both notation presented are supported by
tools which facilitate the edition and simulation of
models.

The precise modeling of user tasks provides a deeper
understanding about the user needs for the application.
The mapping of task models to navigation models allows
designers to explore many possible solutions for the
implementations.

The role of navigation models is to create appropriate
views of information space (by grouping entities from an
underlying data model or a document database) and
provide navigable relationships in-between according to
the users’ needs. Since task models are high-level
description of the user activity they are not suitable to
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represent all aspect concerning the navigation over Web
applications. For this reason the mapping between task
models and navigation models is required to complete the
design.

The use of formal description techniques, such as SWC,
provides a clear and non ambiguous description of the
navigation supporting user tasks by the system. In
addition, the appropriate tool support can alleviate the
effort of modeling and support rapid prototyping, as
shown in section 3.4. Even thought we wish do not
discuss in this paper the verification of the SWC model,
we can just mention that some tools exist to support the
simulation and verification of properties of the model that
can be assimilated as usability problems (e.g. deep
navigation paths, dead links, and so on).
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Abstract document the decisions concerning various aspects of such

applications, from the implementation of pedagogic and
This paper presents a UML profile for web—based educa- instructional design to subtle technical decisions of such

tional applications. The definition of the profile is provided applications and to facilitate the communication between
by applying a certain formalism which is based on the meta- the members of usually heterogeneous development teams
modeling architecture of the UML language. An example is there is a need for a design model. Experience from tradi-
given throughout the paper for the illustration of an instan- tional software engineering has shown that the adoption use
tiated model based on the profile. of such a model in the context of a systematic process for

the development is beneficial for the quality of the product,

namely educational applications and the efficient manage-
1. Introduction ment of the resources, time and effort. Thus, a number of
modeling approaches for web—based applications have been
proposed, e.g. OOHDM [11], RMM [4], WebML [2]. Fur-
thermore, specific models for educational applications exist.
EML [5], which has evolved to the Learning Design speci-
fication [3] proposes a modeling formalism for educational
environments. EML does not aim to support the design but
rather to provide a conceptual framework for the description
of educational settings as a set of “units of study”. LMML
[12] is another modeling language for educational content,
which can be used for design in this domain.

The World Wide Web is becoming the basis of ubiqui-
tous, learner—centered learning. Time and space indepen
dence and the ability for multiple representations of learn-
ing material due to enhanced multimedia presentation capa
bilities are among the characteristics of the Web that enforce
its potential as a medium for education and training.

Web—-based Educational Applications (WEA) are impor-
tant components for web—based learning. By the term ‘edu-
cational application’ we mean properly structured and pre-
sented hypermedia material composed of educational re-
sources and delivered through the web. The presentation
of these resources is usually performed by specialized run-
time environments, web applications or integrated systems This paper presents a formal definition of a modeling
for the support of learning through the web called Learning language for design models for WEA. This language is de-
Management Systems. An trivial case of an educational ap-fined as a sub—set, i.e. a profile of the Unified Modeling
plication is an electronic book containing resources as webLanguage (UML), a de facto standard for the modeling of
pages with educational content. The delivery of resource software systems. It focuses on the formalism used for the
can be static or dynamic, that is, adapted to the user in-definition of this new modeling language and not in the lan-
teraction with the application, though the latter case is not guage itself, which is described elsewhere [10]. The pur-
considered in this paper. pose of the paper is to provide an overview and not a full

The development of WEA is a complex task. It involves specification of this language. The structure of the paper is
people with different background such as software devel- as follows: In the next section a discussion of UML profil-
opers, web application experts, content developers, domairing and the approach adopted for defining this profile is pre-
experts, instructional designers, etc. Furthermore, WEA aresented. Next, the modeling language for WEA is described
complex dynamic web—based applications with presenta-together with the definition of the profile for this language.
tional, behavioral, architectural aspects. In order to effec- The paper ends with a discussion of the consequences of
tively capture and specify the various aspects of a WEA, to formal modeling and some extensions of this work.
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2. UML metamodels and profiles Our purpose is to define a language for describing mod-
els for the application domain of web-based educational ap-

The proposed modeling language is based on the UML. plications. The structure of these models and the concepts
It is an extension of the UML by introducing new modeling in use are designated by the application domain under con-
elements and specified as a UML Profile. According to the sideration. As mentioned above, this language is defined
UML specification a UML profile is “a coherent set of ex- by means of a UML profile. The establishment of a UML
tensions, defined for specific purposes” [9]. More generally, profile is provided by extending the metamodel layer in the
profiling is the customization of a general purpose technol- four-layered architecture. This extension is provided by us-
ogy for a particular domain [6]. This is a process involving ing the standard extension mechanisms of UML, namely
the elicitation of relevant only elements of the generic tech- stereotypes, tagged values and constraints. The basic ex-
nology and the extension of the semantics of these element¢ension mechanism, stereotypes, extends the existing UML
towards the particular domain of application. In this way, elements, belonging to the metamodel layer, thus widening
the generic technology becomes more efficient and easy tdhe vocabulary of the language. However, the mere defini-
apply. tion of the UML extension mechanisms mentioned before

The UML is a visual language. The definition of the lan- does not provide a complete Profile, adequate for model-
guage itself is based on a ‘Four-Layer Metamodel Archi- ing @ new domain by capturing both its concepts and their
tecture’ [9]. According to this approach, the definition of relationships in a consistent and meaningful manner. The
the language is structured in four layers: Meta—metamodel,approach that we follow for defining a profile for WEA is
metamodel, model and user objects. Each layer acts as &ased on the UML Profile for CORBA Specification [8].
meta—language for the definition of the next layer. From According to the latter, a profile consists of the following:
another perspective, each layer isiastanceof the previ-

ous one. e The extension of a subset of the UML metamodel with
new stereotypes and the assignment of these stereo-
e The meta—metamodel layer provides the abstract con- types to existing UML (metamodel) elements. This

structs for the definition of the metamodel layer, e.qg. constitutes a “Virtual Metamodel”.
MetaClasses, MetaAttributes, MetaOperations, etc.
The definition of this layer is based on the Meta— e The definition of additional of well-formedness rules,
Object Facility (MOF) [7] which is a specification for beyond these defined in the UML metamodel, for the
the definition and interchange of metamodels. new modeling elements. These rules impose additional

constraints to the new elements so as to express the re-
quirements of the particular domain. These rules refine
and do not contradict with the rules that apply to their
base metamodel elements, so as not to alter their se-
mantics.

e The metamodel layer provides a language for specify-
ing actual models. Examples of metamodel elements
are Classes, Attributes, Operations, etc. Metamodel
elements are represented as (meta) classes. The meta-
model contains a set of UML class diagrams which
contain metaclasses connected with association and o The specification of the semantics of the model in nat-
generalisation relationships. Furthermore, for the def- ural language.
inition of valid models additional rules and constraints

must be provided. These rules and constraints are ap-  The well-formedness rules for the elements of the pro-

plied as “well-formedness” rules, which are also part file are defined as constraints expressed in the OCL and,
of the UML metamodel. These rules are expressed in ajn few occasions, in natural language. OCL is a language
Object Constraint Language (OCL) [13], whichis also  for the expression of constraints in UML model elements.

part of the UML specification, and, in few occasions, As mentioned before, new constraints are defined for the
in natural language. new elements defined in the profile. The well-formedness
I- rules expressed using OCL invariants. An invariant expres-

ements of the metamodel which are actually models of sior_1 apP”es toa .p_articularpntgxt The context in WhiCh.

a particular application or domain, for example a class an |nvar.|ant cqnd|.t|o'n applies is denote_d by.the following
Course belongs to the model of a learning system ang&Xpression which is in the start of every invariant:

it is an instance of the Class element of the metamodel
layer.

e The model layer contains instances of the modeling e

context [Element Name] inv:

¢ Finally, the user objects layer defines specific informa-  where[Element Name] is the name of the element
tion for the application domain into consideration, for under consideration to which the invariant applies. In
example the particular state of a Course class instanceorder to define these rules proper OCL operations are
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needed. The operations used are OCL ‘built-in’ opera- 3.1. The Conceptual Model

tions, operations defined in specification documents such

as [9] and [8] or new operations defined for the purpose  The Conceptual Model captures design decisions during
of defining the profile. These operations are presentedinstructional Design. These decisions are described as a
next. The OCL expressions which define these opera-hierarchy of learning activity and associated resources. An
tions are referring to the UML Relationships metamodel. example of such a model is illustrated in Figure 1.

The aggregatedClasses operation returns the set of

classes (classifiers in the UML metamodel more generic ter- e
minology) that are connected with the class under consider- - title = Introduction to Web Technologies
ation through composite aggregation associations:
<<Composite Activity>> - —
. Internet - WWW <<Composite Activity>>
aggregatedClasses: Set(Classifier) title = Internet and WWW Introduction , HTML Structure
type = Information - title = Structure and Syntax of HTML
aggregatedClasses = - type = Information
self.associations->
select(a | a.connection-> <<Activity>> <<Activity>>
Internet HTMLStructureTheory
Select (ae | title = Internet Basics title = HTML Structure and Syntax Description
ae.participant = self - ype = Information ype = Information
and
. <<Activity>> <<Activity>>
ae.aggl’egatlon = <<asso¢Resource>> www HTMLCEI)\(/«!:é,rCiSe
H - title = WWW Basi - title = A le of HTML
#Com pOSItE))-> - tIY;e = Informalt?oslrl::S - :I;pee = Enxz?cimss ? e
CO"eCt (a.e | <<assocResource>>
ae.connection-> <<Resource>>
theory02
SEIGCt(ae | - url = Content/theory02 html fr:\sségs;gz:
ae. participant <> Se|0-> - mime-type = texthtml - url = Content/example05.html
COIIeCt(p | - mime-type = text/html

p.participant)).asSet

, Figure 1. Example of a Conceptual Model
The aggregateClasses operation returns a set of

Classes that are at the opposite side of aggregation asso- The virtual metamodel for the conceptual model is

ciations, i.e. they contain the particular class: shown in Figure 2. In this figure the Conceptual Model
is shown as a class with stereotype naratdeotype
aggregateClasses: Set(Classifier) This (meta)class is connected with a dependency relation-
aggregateClasses = ship with stereotypeébaseElement with a base class
self.associations-> namedModelManagement::Model . This configura-
select(a | a.connection-> tion denotes the fact that the element Conceptual Model
select (ae | ‘instantiates’ the element Model of the UML metamodel,
ae.participant = self ))-> i.e. it is a Model extended by stereotyping. The pre-
collect (ae | fix ModelManagement states the fact that the meta-
ae.connection-> class Model belongs to the ModelManagement pack-
select(ae | age of the UML metamodel. Figure 3 shows the el-
ae.participant <> self ements of the Conceptual Model, namehgtivity
and Composite Activity , and Resource , which are
ae.aggregation = stereotyped classe#\bstract Activity is a generic
#composite))-> type of activity defined as an abstract metaclass, which
collect(p | means thafbstract Activity does not appear as a
p.participant)).asSet modeling element. The subclassing mechanism is used for

organisation purposes. Rules and constraints applied to su-
perclasses are inherited to the subclasses, unless overrid-
den by new rules applied to the descendant classes. Com-
posite activities contain other activities by connecting with

In the next sections the following sub-models are defined them with aggregate associations. In this way, hierarchies
as UML Packages: Conceptual Model, Navigation Model of activities are defined in the Conceptual Model. A special
and User Interface Model. type of composite activity with stereotyfeourseware

3. Description of the profile for WEA
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is the root in the activity hierarchy. In addition, atomic
activities are related with one or more Resources with
AssocResource associations (See Figure 4).

ModelManagement::Model

A

‘ <<baseElement>>

<<stereotype>>
ConceptualModel

Figure 2. Conceptual Virtual Metamodel

Core::Class

7N

<<B§seEIement>>

<<baseEIem;e/nt>>

<<stereotype>> <<stereotype>>
Abstract Activity Resource
<<stereotype>> <<stereotype>>
Activity Composite Activity
<<stereotype>>
Courseware

Figure 3. Conceptual Model Classes Virtual
Metamodel

e The Conceptual Model contains only Activity and Re-
source classes

context ConceptualModel inv:
self.ownedElement->forAll(e |
e.ocllskindOf(Class)
implies (
e.isStereokinded("AbstractActivity")
or
e.isStereokinded("Resource™))

e Abstract Activities have aame and atype attribute.

Core::Association

A

<<baseEI‘ement>>

<<stereotype>>
AssocResource

Figure 4. Conceptual Model Associations Vir-
tual Metamodel

context AbstractActivity inv:
self.features->
select(a |
a.ocliskindOf(Attribute)
and
a.name =
size = 1
and
self.features->
select(a |
a.ocliskindOf(Attribute)
and
a.name='"type’).
size = 1

‘name’).

e A Resource has mime-type and aurl attribute.
The expression for this constraint is syntactically sim-
ilar to the above and it is omitted.

e Composite Activities are associated (through aggrega-
tion associations) with activities, either atomic either
composite.

context CompositeActivity inv:
self.aggregatedClasses->forAll(c |
c.isStereokinded("AbstractActivity"))

e Atomic activities do not contain other classes through
aggregation associations.

context Activity inv:
self.aggregatedClasses.isEmpty

e A Courseware is not contained by any other classes
through aggregation associations.

context Courseware inv:
self.aggregateClasses.isEmpty
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e AssocResource associations  connect
Resource stereotyped class with &Concept
stereotyped class.

one

context AssocResource inv:
self.connection.size = 2
and
self.connection.participant->
exists(c |
c.isStereokinded("Activity"))
and
exists(c |
c.isStereokinded("Resource"))

3.2. Navigation Model

The Navigation Model captures the design decisions
concerning the definition of the actual web pages of the
learning content, as well as the links that facilitate the navi-
gation through these pages.

<<Content>>
HTMLLessons

- title = Educational Content on HTML

<<Composite Node>>
InternetWWW

- title = Internet and WWW

<<Node>>
HTMLStructure

- title = Structure of HTML documents

<<Node>>
Internet

<<Node>>
WwWw

- title = Introduction tthe WWW

- title = Introduction to Internet

Figure 5. Example of a Navigation Structure
Model

The navigation model is separated with two sub-models:
The Navigation Structure Model deals with the definition
of the actual web pages, the links that facilitate navigation

as well as the definition of the actual content of these pages.

The Navigation Behavior Model defines the dynamic, adap-
tive behavior of the WEA. In this version of the profile
deals with static applications only so the Behavior Model
is not considered. The Navigation Structure Model de-
fines the (static) navigation structure of a WEA by means
of the following elementsContent , which is a top-level
container,Composite Node , which is a composite ele-

ments containing other elements, such as a chapter in an

electronic bookNodes, which are the actual web pages.

Again, Abstract Node is an abstraction of a composite

or atomic Node. The structure of the nodes is hierarchi-
cal, as the Conceptual Model. In additidrink elements

can connect nodes of the navigation model. Note that these
links are associative links that define arbitrary navigation
between nodes of the educational hypertext. Besides these,
implicit structural links exist. These links denote the tran-
sitions to the previous or next node in the traversal of the
hierarchical structure of nodes or the selection of a certain
node. The presentation of these links is supported by the
run—time system which delivers the educational application.
Although both conceptual and navigational model diagrams
are hierarchical, the corresponding graphs are not neces-
sarily isomorphic. Nodes are realisations in the navigation
space of one or more learning activities. Thus, one node
can be related to one or more activities. Figure 5 illustrates
an example of a Navigation Structure Model, which is an
instantiation of the above virtual metamodels. The trace re-
lationships between elements of this diagram and the Con-
ceptual Model are not depicted, since they are obvious from
the names of the elements.

ModelManagement::Model

A

<<baseEIeLment>>

<<stereotype>>
NavigationStructureModel

Figure 6. Conceptual Virtual Metamodel

The following constraints are applied to elements of the
Navigation Structure Model:

e As mentioned above, the structure of nodes is hier-
archical, as is the Conceptual Model. Thus, simi-
lar constraints apply to its elements as regards to ag-
gregation. AComposite Node stereotyped class
is connected through aggregation associations with
Abstract Node  classes,Content class has no
aggregate classes, i.e. it is not contained by any other
node, and, finally, atomic nodes do not contain other
nodes. The OCL expressions for these rules are omit-
ted for the sake of brevity.

Model
classes.

The Navigation contains

Abstract Node

only

e A Link stereotyped association connects Nodes. A
link represents a unidirectional link from a source to

one or more destinations. It denotes the direction of



Core::Class

‘ <<baseElement>>

<<stereotype>>
Abstract Node

1

<<stereotype>> <<stereotype>>
Node Composite
<<stereotype>>
Content

Figure 7. Navigation Model Classes Virtual
Metamodel

Core::Association

<<base|7|ement>>

<<stereotype>>
Link

Figure 8. Navigation Model Associations Vir-
tual Metamodel

a link in the following way: In the UML metamodel
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ae.isNavigable =
size = 1

false).

e Abstract Node
title

elements have an attribute named

e An Abstract Node is related to one or more
Abstract Activity elements of the Activity
Model with a Trace dependency. This is a standard
UML element, a special kind of relationship which de-
picts dependencies model elements between different
models. This constraint is provided in natural language
only.

3.3. User Interface Model

The User Interface Model deals with the presentation
aspects of the elements defined in the Navigation Model
i.e. their layout and style. In particular, nodes of the
Navigation Model are associated with an element of the
User Interface model. Multiple navigation elements can
be associated with the same presentation specification, thus
promoting uniformity and maintenability of the user in-
terface. The User Interface Model elements have their
counterparts in corresponding elements of web technology
specifications, namely HTML and Cascading StyleSheets
(CSS) elements. The basic element in this model is named
Template . A template contains the following stereo-
typed UML classes with aggregation associatioHsm| ,
that represents HTML elements or aggregations of HTML
elements andCss that represent Cascading Style Sheet
classes. Attributes of these classes and their values are at-
tributes and values of CSS elements. Elements defined in
the User Interface model are related with Trace dependen-
cies to particular nodes of the Navigation Model thus as-
signing specific presentation attributes to these nodes, as

an association contains two or more association endswell to their children in the navigation structure hierarchy.

These ends have a navigability attribute. Navigability No metamodel diagrams are shown, since they are similar
is graphically depicted with an arrow at the navigable to those of the Conceptual and Navigation Structure mod-
end of the association. The navigability of the associa- els. Figure 9 shows an example of a User Interface Model
tion end, that is the direction of the arrow in the visual for the HTML educational application under consideration.
presentation of the association, denotes the directionThe trace relationship between the template and the root ele-
of the link. Thus, there is exactly one end which is ment of the navigational model means that all nodes (pages)
not navigable, which corresponds to the “source” of share the same template.

the link and one or more navigable ends, which corre-  The following constraints are applied to the User Inter-
spond to the “destination” of the link. face Model elements:

e The Presentation Model contaif®mplate , Css
andHtml classes.

context Link inv:
self.connection.participant->

forAllC p | e Template classes contain, through composite aggre-
g.lsStereoklnded( Node")) gations,Css andHtml elements.
an
self.connecions-> e Template classes are connected with Abstract Nodes
select(ae | of the Navigation Model throughrace relationships.
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<<Content>> <<Trace>>|
HTMLLessons [<

<<Template>>
CourseTemplate

!

<<Css>>
H1

<<Css>>
P

- font-family = Arial
- font-size = 14pt
- font-weight = bold

- font-family = Verdana, Arial, Helvetica, sans-serif
- font-size = 12pt

Figure 9. Example of a User Interface Model

4. Discussion

The definition of a Design Model can facilitate the pro-
cess of developing software projects, regardless of the do-
main of the application. This facilitation is even more im-
portant in fields where the people involved in the develop-
ment process come from different backgrounds so there is
an increased need for a means of communicating design de-
cisions. However, this improvement is often confuted by
the lack of formalism in the definition of such models. This
lack of formalism has certain negative aspects:

e Poorly defined models, which are based on the intu-
ition of the designers rather than in predefined ‘rules’.

e Itisimpossible to automate the authoring of models by
means of specific CASE tools.

e It is impossible to automate the process of automatic
code generation based on the models created (forward
engineering).

Rigor definitions of modeling languages alleviates the

aforementioned problems. A definition of a modeling lan- [12] c. iR and B. Freitag.

guage is usually provided by means of a metamodel, i.e.
a model of the set of all valid models in the language.
Such a MOF-based metamodel for web application design
is proposed in [1]. Furthermore, EML and LMML pre-
sented earlier, are defined by means of a metamodel, i.e.
a normal UML model that describes the modeling primi-
tives of the language. Besides modeling primitives, EML
and LMML provide an XML definition and provide appro- [
priate schemas, as an additional formalism. Conversely, our
approach is based on the extension mechanisms of UML
for the creation of a profile, thus it does not define a new
metamodel but rather refines the existing metamodel of the
language using a specific formalism.

We are in the process of extending the definition of the
profile so as to include dynamic features of WEA. Further-
more, this profile was defined based on version 1.5 of the
UML and OCL. We intend to update it by using the version
2.0 of these languages.

[10
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Abstract

One of the most important steps in a Web site tyuali
evaluation project is the selection of which aspeitt
consider. In terms of methodology, this means ihgfia
model for the site. In some cases it is possibleide
standardized models, such as “syntactic” models,this
is not possible when the evaluation must also densi
aspects that have to do with the domain and theifipe
aims of the site or more generally when the evanat
aims to consider the “semantics” of the site. Thecess
of identifying and adapting a quality model reqsire
apart from time and resources, the contributioexperts
in the domain of the site. In this paper we propsase
ontologies to improve the efficiency of this “instigation
processs”. To analyze the feasibility of the apptoave
have looked at two applications in the tourism gecthe
results, while preliminary, are encouraging. Moreov
some critical and delicate points were identified a
priorities for future research.

1. Introduction

Quality in Web sites is determined by several diger
factors, some of which are general and therefoee ar
considered for all types of site and in all domaiiach
features include, for example, the correct fundtignof
the site, its conformity with standards of language or
of accessibility as described in normatives suchhas
Web Content Accessibility Guidelines of the W3C
(http://www.w3.0rg/WAI/GL/) or the U.S. Section 508
Guidelines (http://www.section508.gov/), or star$ar
introduced in lItaly through the Stanca law in 2004
(http://www.pubbliaccesso.it/biblioteca/documentam/s
tudio_lineeguida/), which requires these standdits
government sites. Other factors or characteristios

more specific and depend on the type as well as the

domain of the site. Therefore in cases where ihds

possible to use “standard”, “syntactiogiodels - general-

Mariangela Franch
Department of Computer and
Management Sciences
University of Trento, Italy
{mariangela.franch}@unitn.it

purpose and domain-independent — it becomes negessa
to develop quality models that take also theseufeat
into consideration (among models having a standard
version we can look at WebQual [2] and WebQEM [11];
an extensive bibliography of models for Web sitaliy
is available at: http://www.economia.unitn.it/etisan/
risorseQualita.asp). Basically this means defining
specialized models that can deal with the uniqueasgic
aspects of a site or sites that will undergo evanaThe
process of definition and instantiation of a motikes
time and resources and also the input of experthen
domain. In this paper we propose adopting an agproa
based on the use of ontologies to support the itiefirof
detailed semantic models. This approach is an siien
of a methodology “the Quality Model Factory” debexl
in [9] and successfully applied in the area of immr It
was applied here to define modular quality modb t
make it possible to take into account the chareties of
diverse types of tourist destinations. To do thissmodels
were developed using a standard model called thoei7L
meta-model [10]. There are two types of “modules”
specialized at two different levels of detail: tfiest,
called the Common module, contains aspects that are
common to the sites of all types of tourist degiores,
while the second is comprised of Specialized maxule
that contain specific aspects that are found derdint
types of destinations. To analyze the feasibilify ao
methodology based on the use of ontologies to defin
specialized models for Web site quality evaluatiom,
looked at the sites of accommodations and of tburis
destinations facilities. Both are within the toarisomain
and are highly varied given the diversity of typefs
tourist destination as well as accommodations. koze,
the decision to look at the tourist sector — a dvansal
sector that includes numerous actors and activitiemde
it possible to have a general idea of the diffiegltand
challenges, as well as the advantages, of usingamies
fo define quality evaluation models that are speed
and modular.

Recent years have seen increased interest in the
development and application of ontologies. This has
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meant firstly the definition of languages and quality of Web sites becomes a vital strategicdiador
environments to set up ontologies. Examples ofdaggs  all actors involved. Because tourism is a translers
are DAML (Description Logic Markup Language), OIL sector — or “umbrella industry” — it has contrilmurts from
(Ontology Interchange Language), RDF (Resource other sectors, thus an analysis of the sector mage
Description Framework) and OWL (Ontology Web input from different fields such as transport, otdt and
Language), a semantic markup language for publishin sport, to name a few. This fact explains the eristeof
and sharing ontologies on the World Wide Web numerous ontologies for tourism. An exhaustive
(http://www.w3.org/TR/owl-ref/). Among the more classification can be found in [1].

numerous applications of ontologies are projeclsted Existing ontologies are both general for the tauris
to the Semantic Web, to obtain “an extension of the sector as well as specific, the latter referringpaoticular
current Web in which information is given well-dwedid domains. In the first category we have the ontology
meaning, better enabling computers and people tkino  developed for the Harmonise project, whose godbis
cooperation.” [3]. An obvious application of ontgles is develop an ontology-mediated integration of tourist
in Web services; among the most recent works anst mo systems following different standards so that
frequently downloaded (was in the fifth position thi organizations can exchange information without givam
Top 10 Downloads from ACM'’s Digital Library in their data structures (http://www.harmo-ten.infoin
December 2004), we can cite [12]. Also importanate addition there is the Mondeca’s tourism ontologkiciv

is the use of ontologies for the development ofvemfe includes tourism concepts from the WTO (World
based on reuse [5] and for the management of nediem  Tourism Organization) thesaurus. At this writingisth
objects in a private and personal environment [7]. ontology has 1000 concepts that describe

The proposal described in this paper differs froese accommodations and transportation and a few other
insomuch as it is applied at a different leveisitlesigned  secondary elements related to geography, health and
to use ontologies to support the development ofitgjua immigration (http://www.mondeca.com/).
models that are specialized for Web sites. As sucha There are over ten elements on the list of domain-
conceptual as well as methodological activity, dad  specific ontologies that can be useful for the isiur
applied at a meta-level with respect to the appticaof sector, including geographic ontologies, means of
the models themselves. transportation ontologies, gastronomy ontologiés, [&].

The paper is structured as follows: the first secti General — or sometimes called upper — ontologies al
gives a general description of ontologies for temri exist and aim to gather definitions and conceptt th
Following this we look at the concept of tourist together make up what is known as unspecialized
destination, where we present the classificatioedu® common knowledge. One of the best known of these is
apply the “Quality Model Factory” methodology, whic ~ WordNet — more appropriately referred to as a kxic
we are going to extend to include domain ontolagiés reference system (http://www wordnet.princeton.edu/
third section puts forth two possible applicatidos the which was extended from solely English into other

development of specialized and modular evaluationlanguages through the EuroWordNet
schemes, respectively for hotel Web sites andduorigt (http://www.globalwordnet.org/gwa/wordnet_table.jtm
destinations. The conclusion summarizes the pnetingi Looking at the ontologies for hotels and tourist

results of these applications, underlining the icait destinations (the organizations examined for the
points emerging from the application of the methodyp feasibility analysis of the approach proposed héhe)

and which require further study. following facts emerged.
Since the concept of hotel is part of common
2. Ontologiesfor tourism knowledge, the notion is present in WordNet. More

specifically, for each concept — in this caketel —

Tourism represents approximately 11% of worldwide WordNet gives information on the generalization,
GDP, according to the World Travel & Tourism Counci SPecialization and also on “part of” relationships.
(http://www.wttc.org/). Adding to this is the noteb description of the linked concepts is available at
growth in the number of tourism-related Internet Answer.com (www.answer.com). In short, in WordNet,
transactions in recent years (e_commerce)_ For pmm fOCUSing to ConceptS that are direCtly |Inked'ltﬂel, thus
in 2004, 40% of U.S. travelers who use the Internet €xploring only relationships represented by ardegjout
claimed to make all of their travel purchases anlin from the node of hotel, we obtain (see also figi)re
versus 29% in 2003 (www.tia.org). In this contetkie
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hotel is a kind of:
¢ building, edifice — a structure that has a
roof and walls and stands more or less
permanently in one place
kinds of hotel:
¢ hostel, hostelry, inn, lodge — a hotel
providing overnight lodging for travelers
e motel, motor hotel, motor inn, motor
lodge, tourist court, court — a hotel for
motorists; provides direct access from
rooms to parking area
« resort hotel, spa — a fashionable hotel
« Ritz — (informal) an ostentatiously
elegant hotel
¢ skilodge — a hotel at a ski resort
Parts of hotel:
* hotel room — a bedroom (usually with bath)
in a hotel

Furthering the analysis by using the concephaiel
room WordNet gives other information:

kinds of hotel room:
« adjoining room — a hotel room that shares
a wall with an adjoining room but is not
connected by a door
» connecting room — a hotel room that shres
a wall with an adjoining room and is
connected by a private door
hotel room is a kind of:

¢ bedroom, sleeping room, chamber,
bedchamber — a room used primarily for
sleeping.

hotel room is a part of:

¢ hotel — a building where travelers can pay
for lodging and meals and other services
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Figure 1— The graph fohotel (WordNet browser
Treebolic, http://treebolic.sourceforge.net/)
The quantity of information about the conceptotel

projects. Answers.com also provides hypertext defims
(where they exist) found in other sources such as
Wikipedia (http://www.wikipedia.org/), which can be
useful to integrate with those contained in WordNeid
also their translation into diverse languages.

The more challenging problem is to identify an
ontology for tourist destinations, although thigfidilty
is justified by the complex definition of destirati a
concept which, albeit only recently, is assuming an
increasingly important role in the tourist sectogeneral.
Basically, the features that identify a tourist tdegion
and distinguish it from what is simply a local offey of a
product or service that can be of interest to sisirdre:

- a well-defined geographic area with identifiable
borders and a territorial identity;

- the presence of numerous operators with different
prospectives and objectives that makes it necessary
to devise a shared strategy in presenting the
offering consisting of attractions and services
specifically catering to tourists in the location;

- an understanding of the nature of the potential
demand for the tourist products offered,;

- awareness of the need to balance tourism’s
exploitation of resources with ecological,
environmental and community stewardship.

A classification of the destinations serving thisuee
tourist segment identifies eight distinct types of
destination based on the goals for the vacation thad
principal attractions present at the destinatiablé 1)

[8]. The table shows key information about the wmiefj
features of a destination. Once established, thepects
can then serve as input when determining the
requirements and the quality factors for the Web of

the destination.

The definition of tourist destination and the
classification of diverse types of destination shioaw
the necessary concepts belong to diverse domains.
WordNet gives no treatment to the concept of touris
destination. Numerous ontologies were examinedaas p
of this research, but none proved able to coverthell
elements that characterize a destination: it iss thu
necessary to use different ontologies to descrime t
geographic area, the different attractions, sports,
transport, etc. On the other hand, general ontefogi
(upper ontologies) contain a lot of informationttinot
useful because it is related to concepts that rdiffeatly

contained in WordNet is exhaustive, an importart fa from those used in the tourism context. In addjtion
since WordNet is free and has been used in manygeneral ontologies for tourism cover only some fué t
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necessary areas (for example, Mondeca gives goodramework. The use of modules derives from the

treatment to accommodations and transportationnbtt
for some indispensable aspects of a destinaticengples
being cultural, natural and artistic attractiongweents).
For this reason we have used WordNet
feasibility analysis, and the decision as to whiohcepts
to consider was informed by the definition of deation
itself and by the table. For example, for alpine
destinations we used the concepts of sport, lapdsca
nature, etc. We were thus able to simulate theegcdf
an ontology for tourist destinations.

Table 1. Classification of destinations based on their
principal attractions

Type of ] - Well-known  Typical attractions found

destination Main reasons for visiting examples at the destination
Culture, art, architecture, . . Museums, historic

Urban shopping Capital cities buildings, shops

. A R Beaches, organized
Relaxation, enjoyment, Rimini, o
Beach/Sea socializing, spéré, night-life Ibiza, Miami activities, amusement
parks, discos, bars, pubs
Outdoor sports, landscape Cortina
) and environment, nature, - Nature trails, views, ski

Alpine . Chamonix, ¥ S
traditional events and Aspen trails and slopes, ski-lifts
customs, folklore
Get back to nature, local T Local food producers and

o : uscany, - .
Rural traditions in agriculture and Provence agritours, visits to farms
production and vineyards
Places equipped for hea
and therapeutic treatmet
Health treatments, Fiuggi, areas for complete

Wellness relaxation, diet and exercise Baden- relaxation, medium- and

programmes, stress relief ~ Baden high-level
accommodations facilitie
fitness

Renewal or deepening of S

Religious Ifaith,_symbqli_c value of the Lou_rdes, 2?;%3; F[))Irlggtinéziee’m d
ocation, spiritual retreat and Fatima celebrations
introspection, solitude
Adventure, discovery of Cities, historic places,

. other cultures, understandin rites, customs,

TWh('; Idd c_)f tribal life (rites, tra(_:iitions, gl(ﬂealr:j]:gr]]éscar celebratio_ns, guided toul
lifestyle) anthropological contact with non-western
investigation local cultures
Beautiful scenery, isolated ?)/:Jltav?/ss g;l t::gggﬂal sty

Exoticand | locations, far from tourist Maldives, b -

Exclusive trek, status symbol and Seychelles conveniences, privacy,
imaé;e untquched natural

environments

3. The use of ontologies to define specialized
models

3.1 The Quality Modd Factory
In [9] we described a modular and scalable appreach

the Quality Model Factory - to define specializadality
models identifying the specific features of tourist

in our for

application of reuse of artefacts [13] as a viginactice
for definition of evaluation models. Scalabilityabtained
thanks to the adoption of a general conceptualdraonk,
Web site quality, the 7Loci meta-model
(www.economia.unitn.it/etourism/pubblicazioni.asp).
This model introduces seven dimensions used taityas
the numerous features of a Web site that can tlen b
evaluated. The dimensions ddentity, Content Services
Location MaintenanceUsability andFeasibility.

The foundational procedure that serves as thdrgart
point in developing a modular model for a givensslaf
Web sites is outlined in the steps in table 2.

Table 2. Procedure for the quality model factory

{1ST PART: DEVELOPMENT OF COMMON AND SPECIALIZED MDULES}
IF no model for the class of sites currently exists
THEN FOR each of the 7Loci dimensions pertinerihtoproject
[Identify the requirements common to all sites im ¢thas$ and convert them
into a question; add the guestion to the Commonuheod
[Identify the specific requirements for the typesité under evaluation and
convert them into a question; add the questiohé®pecialized module;
FOR each dimension of the 7Loci:
FOR each question of the existing model

IF the question is applied to the type of sitesrcurrent form

THEN Add the question to the Common module

ELSE IF the question requires only a formal modifion

THEN Modify the question and add it to the Spezedi
module;

IF the question is inapplicable to the type of siteler evaluation

THEN [check whether there is an alternative quefdithadd it to the

Specialized module
{2ND PART: COMPLETION OF COMMON AND SPECIALIZED MODLES}
[FOR each requirement for the type of site undeluatiar
Identify the 7Loci dimension it refers to
IF no question exists for it in the Common or Spkméd module
THEN IF the question regards all the sites in thes

THEN Add a question to the Common module
ELSE Add a question to the Specialized module.

ELSE

The procedure has two parts; the first is the
instantiation of the 7Loci model, reusing wheregiole a
model already defined for one of the types of gitea
class. This step is necessary in order to defirentbdel
using requirements as the starting point. In theoisé
part the specific elements for the type of site are
identified. When talking about the sites of tourist
destinations, this means translating these elemetts
points (characteristics) within the evaluation mpder
example, the unique features of the site for aideas
destination will be converted into points in the dab
used to evaluate that type of site, while featufi@s

destination Web sites. Its goal was to introduce aanother type of destination (religious, for examptey

systematic way to define a “personalized” evaluatio

not contain those same points. In our previous woek
looked at the aspects in table 1, which in genesal be
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found in classification schemes of the sites opec#ic hotels. The model consists of 18 questions: fourtlie
category. When describing the procedure, for ttke sd dimensionldentity, nine forContent two for Servicesand
simplicity we refer to “questions” to insert in the one for Localization Management and UsabilityThe
evaluation modules. In reality this is only one watfy model is a useful reference to check the resudtisahin be

formulating the points or factors of the evaluatinodel, obtained with the Quality Model Factory which is
besides interrogatives (e.g., in boolean questidhsy strengthened through the use of ontologies. In ¢hse
can also be described in declarative form. we have used the concepts relateddtelin WordNet. In

In this paper we want to broaden the approach to beaddition, for the requirements of the owner and,use
able to develop models for diverse types of saes, such  have put together information emerging from theagsh
generalization is conceptually based on the use ofconducted on the hotels [6]. In this case it meant
ontologies. The steps of the procedure where ogiedo  developing a model more similar to that construeteétt
can be used are shown in table 2. the contribution of experts, and also applicableatb

The logical architecture of the Quality Model Fagto  hotels. Thus we did not intend to construct différe
is depicted in figure 2 (a Quality Factory to suggpo models for different types of hotels.

“information quality” assessment is described ir),[4
where the database “Web site classification” issttiied 3.3. Modelsfor tourist destinations
with a database containing the ontologies.

Applying the Quality Model Factory approach to
tourist destination Web sites without using ontdsg
produced a series of models, each containing abo@it
e e evaluation factors that are a reference for evaluating ancthvban

be produced with ontologies [9]. Moreover, we thus
obtained important results for the adaption procebere
‘=~ quaity modelfactoy] - ONtOlOQiES are necessary to specialize the geperpbse

_ models. Also emerging, in particular, was how thet f

V 7 santation [*1 cvaltion two dimensions of the 7Loci meta-model depend noore

_ l the type of site (with an average of about 80% of
slctadon @E specialized factors); about one third are specdlifor
Quality | Validation Services ten percent forUsability, Maintenance and

requirements

Requirements
repository

Localization (related principally to the presence of

different target tourist groups). Development afnadel

for the evaluation of Web site quality for tourist

destinations is underway as part of the joint mje

moduen 2" IFITT/WTO (www.ifitt.org/)sito. The model forese¢so
levels of assessment: the first looks at genem@as and
therefore at requirements that all tourist desomatVeb
sites must satisfy; the second is called StratezgeB Full
Web Site Evaluation. A limitation of the IFITT/WTO
model is that there is a measurable gap betweetwihe
levels. Essentially the first level uses a generatiel for

haII destinations while the second must be defirkthac.
We propose the use of ontologies to specializeytiaity
models in a systematic way.

Figure 2. The Quality Model Factory

From among the different actors in the tourist @ect
present in the territory we focused on hotels andist
destinations when studying our approach. For botl
categories tourism is the core business and the ditels
a strategic tool. For the tourist destination thebAsite
serves to promote and commercialize the producigetls .
as to support the different actors. 4. Conclusions

3.2. Models for accommodations facilities The project is still underway, the results obtaitimas
far have revealed the following aspects:

In a previous project we built a model for the

comparative evaluation of the Web sites of aboud 20 -~ The dimensions of the 7Loci meta-model where
the use of ontologies is more straightforward are



56

Luisa Mich and Mariangela Franch

those which are more “semantic”, th@ontent a version of at least two different types of fitat
andServicesfor these dimensions it is possible to even non-experts can understand.
use the hierarchies contained in the ontologies as
check-lists to identify aspects for which the site 10. References
must give information or support for services.

; : TR [1]. Bachlechner D., D10 v0.2 Ontology Collection in
For the dimensionidentity it is necessary to view of an E-Tourism PortaE-Tourism Working Draft

integrate the ontologies with the aims of the site : . .
and be able to connect them to the concepts in the5’ Oct. 2004, http://lwww.deri.at/research/projects/e

X : : tourism/2004/d10/v0.2/20041005/
ontology that mainly contribute to the creation of
the image of the organization; these concepts are[z]_ Barnes S. J., Vidgen R. T., WebQual: An

usually specializations of “father” concepts; ire th Exploration of Web Site Quality, H. Mahrer (e&yoc. of

case of hotels, their specialization is for specifi he gin European Conf. on Information SysteXienna,
target markets, for example motor hotels. July 3-5, 2000, pp. 298-305

For all the dimensions of the 7Loci meta-model, .
the combined use of ontologies, of the [3]. Berners-Lee . T". , Hendlgr J., Lassila O, The
standardized version accompanied by a list of the Semantic Web Scientific AmericanMay 2001, 284(5):

main aims of the site (no more than five elements: 34-43

e.g., target, business functions, general linkg), b 4] capiello C., Francalanci C., Pernici B., A rule égs
people with limited experience working in Web ethodology to support information quality assesgme

site quality (undergraduates students), made itang improvemnetStudies in Communication Sciences
possible to develop “draft” specialized models in a 4(2): 137-154, 2004

short time and which can be rapidly verified and

completed by an expert. On the whole, the [5]. Falbo R.A., Guizzardi G., Duarte K.C., Natali
methodology proposed makes it possible to A.C.C., Developing Software for and with Reuse: An
notably improve the efficiency of the process of Ontological ApproachProc. CSITeA’2002USA ACIS,
defining specialized models. 2002, pp. 311-316

Substantial initial effort is required to identify 5] Franch M., Martini U., Novi Inverardi P.L., Buffa
ontologies for the different domains necessary t0 £ Awareness and exploitation of the potentialtiud
cover the tourist sector. Moreover, existing \wep by SMTEs: The case of alpine hotels in Italg an

ontologies are heterogeneous with regard to theprance, Frew A.J. (ed.), Springer VerlagiCS 2722
coverage of the domain they refer to. Nonetheless,318-327, 2005

they can be reused for numerous categories of
operators and entities. [7]. Hisemann B., Vossen G., Ontology-Driven
Multimedia Object Management for Private Users —

Statistical analysis of the terms used in siteseund - o i\ and Research Issud$S SIGSEMIS Bulletird,
analysis provides useful information for the choice (1), April 2004

of ontology, but principally to choose the concepts

to use within the ontology to instantiate the oyali  [g]. Martini U., Da luoghi a destinazioni turistiche. In
models. Franch, M. (ed.)Destination management: Governare in
Most existing ontologies are in English language; tUrismo tra .Iocalg e globaleTurin, Giappichelli, pp. 67-
but it could be necessary to have ontologies in 111, 2002 (in ltalian)

other languages. [9]. Mich L., Franch M., Martini U., A Modular
As for their implementation, most ontologies that Approach to Quality Evaluation of Tourist Destimati

can be used in the tourism context are written in Web Sites: The Quality Model Factory, Frew A.J..Jed
DAML and some in OWL. This means that if we Springer Verlagl NCS 2722555-565, 2005

want to create environments to support the _ _ _ .
“Quality Model Factory” it is necessary to extract [10]-Mich L., Franch M., Novi Inverardi P., Marzani P.,
Choosing the "rightweight” model for Web site gtyali



Instantiating Web Sites Quality Models: an Ontologies driven Approach 57

evaluation, Frew A.J. (ed.), Springer VerlalCS 2722
334-337, 2003

[11].Olsina L., Rossi G., Measuring Web Application
Quality with WebQEM,|IEEE Multimedia9(4): 20-29,
2002

[12].Pahl C., Casey M., Ontology support for Web
Services ProcesseByoc. 9th ESEC and 11th SIGSOFT
Symposium FSR003, pp. 208-216

[13].Pressman R.S., Software Engineering: A
Practitioner's Approach5™ ed., McGraw-Hill, 2001



A Web Service for Hypermedia Role-Based Policies

Daniel Sanz, Ignacio Aedo, Palomaa2
Laboratorio DEI. Departamento de Infoatica
Universidad Carlos Il de Madrid
{dsanZ aedo| pdp} @dei.inf.uc3m.es

Abstract tributed and heterogeneous, and the access context can be
very different each time. There is a clear need for a model
High level security is a key requirement in hyperme- that considers these issues and makes it possible to express
dia/web applications. The systems opening to the Internetthe access policies in a flexible way. From an architectural
makes the research effort to move towards protecting thepoint of view, it is recommended to keep some separation
information transmission (i.e. SOAP messages, policy de-between the security controls and the controlled resources
scriptions. . .), but little attention is paid to what the user themselves, what makes the Web Services paradigm a per-
can do with the system. Role-based access control (RBACJect deployment platform to test our ideas.
allows to formulate the organization’s resource access pol-  MARAH is a role-based access model for hypermedia
icy in a natural way, so a role-based access model for hy- applications, that works with concepts of the hypermedia
permedia will make it easier to integrate the security design domain (i.e. contents or links), and is based on the RBAC
with the rest of the system design. In service oriented archi-model. RBAC articulates the access policy around the role
tectures, an access policy service would allow to gather the concept: instead of granting permissions directly to system
management and deployment of the security policy in dis-ysers, permissions are assigned to roles, and users are as-
tributed and heterogeneous environments. This paper de-signed to the roles they can play, acquiring its permissions.
scribes a role-based access control model for hypermediaThe role represents job functions, responsibilities or qual-
called MARAH, and its implementation as a web service. jfications in the context of some organization, and groups
An use case of the model in the design of the ARCE appli-hoth the permissions and the users allowed to use them.

cation is also discussed. The use of roles and proper hypermedia abstractions
to express the access rights makes it possible to integrate
MARAH in a development method, due to designers can
1. Introduction decide about what the access policy is while designing other
system aspects, such as navigation or content layout. This
The industry and research community trend towards thefacilitates the policy definition, because now access con-
openness and interoperability among systems is very cleartrol is not performed on the application code in terms of
what makes very important the adequate resource protecclasses/objects, database tuples or other paradigm, but pro-
tion. The balance between service providing and asset protected resources are the elements of a hypermedia design,
tection becomes an strategic issue, so the security desigthat have a correspondence with one or more systems re-
has to be more than an implementation/deployment aspectsponsible of the information generation.
security is a first-class element whose requirements should MARAH is available as Web Service, with the goal of
be taken into account throughout all development process providing the access policy information in a concrete do-
This design integration would help to face the security anal- main. The implementation covers the core RBAC standard
ysis and design [4], but in order to achieve it with success, [2], and does not assume any specific hypermedia model, so
a formal basis gathering the relevant concepts in the protecAt can be used from any hypermedia implementation. This
tion domain is required, taking the form of formal models. work is organized as follows: section 2 presents a reduced
In the highest abstraction level, access control is a securityversion of the model, based on core RBAC specification.
service that allows to regulate how users interact with the Section 3 describes the implementation and architecture of
system. the MARAH web service. Section 4 introduces an use case
Hypermedia/web applications are implemented in a va- in the ARCE application, and finally section 5 discusses
riety of platforms, where the information is probably dis- some conclusions and future works.



2. The MARAH model

Initially MARAH was defined as an unique model,
specifically designed for a hypermedia reference model
called Labyrinth[6, 7]. After some implementation experi-
ences [8, 11] and the creation of the RBAC ANSI standard
[2], it is being restructured for a twofold purpose: to de-
fine the model features in an incremental way, as the RBAC
family of models do, and to be independent of the underly-
ing hypermedia model, and so applicable to any hyperme-
dia architecture. We try to make more flexible the use of the
model in a variety of situations, and to face its transforma-
tion to an independent service. We are working on the core
of the model (Core MARAH in this paper), that, starting
from the core of RBAC, includes the very basic elements
for a hypermedia access control model.

Next subsection introduces the core RBAC model, as
previous requirement to define the core MARAH model.

2.1. The core RBAC model

The core RBAC is one of the four model components
defined in the RBAC reference model, and “defines a min-
imum collection of RBAC elements, element sets and re-

lations in order to completely achieve a Role-Based Access

Control system” [2]. The elements of the core RBAC model
are:

e U R, OPS,O
Sets of Users, Roles, Operations and Objects respec

tively.

UACRxU
A many-to-many mapping user-to-role assignment re-
lation.

assignedusers: R — 2Y

The mapping of a role onto a set of users allowed
to hold it. Formally, assignedsergr) = {u € U |
(u,r) € UA}.

PC 20PS><O

The set of permissions. A permission represents an

approval to execute an operation on a protected object.

PACPXxXR
A many-to-many relationship mapping the permission-
to-role assignment relation.

assignedpermissions R — 2°

The mapping of a role onto a set of permissions. For-
mally, assignepermissions) = {p € P | (p,r) €
PA}.

Op: P— OPS
The permission to operation mapping, which gives the
set of operations associated with permisgion
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Ob:P— 0O
The permission to object mapping, which gives the set
of objects associated with permissipn

S

The set of sessions. A session represents an user in-
teraction period, where the user activates some subset
of the roles she is assigned to. Each user can establish
one or more sessions.

sessionusers: S — U
The mapping of sessianonto the corresponding user.

sessiomroles: S — 28

The mapping of sessiononto a set of roles. Formally,
sessiorolegs) C {r € R | (sessionusergs),r) €
UA}

avail.sessionpermissions S — 2°

The permissions available to the user in a ses-

sion.  Formally, avaikessionpermissionés)
U assignecpermission&-)

resessionroles(s)

In addition to the sets, relations and functions, the RBAC
standard also defines the system and administrative func-
tional specification for the core model. Administrative func-
tions allow to create and maintain the RBAC sets and rela-
tions, administrative review functions allow to perform ad-
ministrative queries, and system functions allow to create
and manage user sessions and make access control deci-
sions.

2.2. The core MARAH model

The core of MARAH is based on a hypermedia meta-
model that assumes two fundamental elements of this dis-
cipline: the distinction between container and content, and
the information linking. As in RBAC standard, to apply
MARAH in a concrete system, a mapping from the access
model components to the system components has to be pro-
vided. Due to MARAH is an access control model for
hypermedia, this mapping should not be very complex, as
MARAH provides the proper abstractions representing pro-
tected objects. Starting from the core RBAC specification,
the Core MARAH model provides three contributions.

The first of these contributions is the definition of the
protected objects. The hypermedia metamodel assumed by
MARAH defines four object typéshat can be identified in
most hypermedia models:

Nodes abstract information containers, they have whole
meaning in the application context. Represent presen-
tation units.

1These object types reflect the application information structure, re-
gardless how the information is modeled (i.e. OO model), stored or gener-
ated to give place to such structure.
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Contents individual pieces of information that are in-
cluded in the nodes. They can be simple (e.g. text)
or complex (e.g. video).

Anchors represent areas or fragments in the node or con-
tent representation space (i.e. characters, pixels, rows,
seconds...).

Links represent information connections, by means of re-
lationships between a set of source and a set of target
anchors.

Nodes and contents represent the system information, so
they are the basis on which privileges are established. An-
chors and links are used to represent relationships between
information elements, so its definition is somehow tied to
the elements in which are defined, and thus its access rights
have to be derived from the permissions of these elements.

The second is the addition of relationships among ob-
jects. Core MARAH considers two relation types in the
object set:

Location reflect the spatial/temporal placements among
objects. For instance, the inclusion of contents into
nodes or the definition of anchors.

Linking represent associative connections between nodes
and/or contents.

As explained later, these relationships are used to propagate
access rights in a variety of situations, so the administra-
tion cost is reduced due to there is no need to specify the
permissions for each object.

The third contribution is the addition of one abstraction
level on top of the system operations, reducing the number
of permissions assignments by means of a classification of
operations. The classification groups the operations and al-
lows to easily set permissions involving several operations.

Core MARAH is an extension of Core RBAC standard
that defines the object typesnew elements and the rela-
tionships between the RBAC standard model, as shown in
figure 1:

e O=NUCUAUL
Sets of nodesk), contents (), anchors Q) and links
(L) respectively.

e OR= {ZZ’ Ii’ Z}

Set of object relationships.
three relationship types:

Core MARAH defines

Ifa =~

loc

Location. - € O x O. b, there is a spa-

tial/temporal relationship from object a to object
b. For instance, if anchor a is defined to start in
the third second of video b, then there is a loca-
tion relation from the anchor to the video.

2Due to its generality, the RBAC standard leaves open this question.

user_sessions

@

(UA)
user_assignment

session_roles

(PA)
permission_assignment

(OR) object_
relationships

Core RBAC

Figure 1. Core MARAH model and Core RBAC
model

Source linking. ;- C Ax L. Ifa/; b, the anchor ais
an origin of the link b.

Target linking. 7 C A x L. Ifa/; b, the anchor ais
a target of the link b.

e OPS

Set of operations. Core MARAH only considers
generic operations for system use, such as “seeNode”
or “traverseLink”. Like the object set, the operations
are provided by the underlying hypermedia model.

SC ={B,E}

Set of security categories, with two elements. Each
category represent abstract manipulation types that ex-
ist in any hypermedia system. The value B represents
“browsing” and allows to see the element, and the
value E means “editing” and allows to modify or cre-
ate an element. A partial order is definedd6’' such
asF > B, since the edition manipulation includes the
viewing manipulation.

e w:0PS— SC

Classification of operations function, that relates each
operation with the manipulation type that its execution
requires, for instancey(getLinksToTarget() = B.

¢: Rx{NUC}— SC

The clearance function returns the highest manipula-
tion ability that a role can do on an object. This value
is set by the security officer for contents and nodes,



and involves the creation of a set of permissions in
P for the object and the operations classified with a
lower or equal category than the one specified. For-
mally, if administrator sets the following clearance

¢(r,0) = E, thenVYop € OPS | w(op) < E =

P =PU(op,0), PA=PAU{(op,0),7}.

[[:5x0—SCU0

The authorization rule returns the highest manipulation
ability available in a session for a given object. The
value depends on the session active roles, the type an
relationships of the involved object. The function is
defined as follows:

— For nodes and contents, returns the maximum of
the session permissions:

[1(s,0) =

max(0 U {

w(Op(p)y)
pEASP(s),0b(p)=0
(ASP(s) = availsessionpermissionés)). For the
maximum, a total order is defined such Es>

B > 0. The value of 0 indicates the absence of
permissions for the object in the session

Anchors take directly the permission granted to
the object on which are located.

[1(s,a) =T1(s,0) | a0
For links, “B” access is allowed if there is ac-

cess to at least one anchor in each link end. “E”
access is allowed if all anchors have editing per-

missions:
B if 3(11,&2 | al[i_la a2L>t_l’
[1if, a1) =[I(s,a2) = B
[l(s.) =4 E siVay,a; | a1} a507,
[1(s,ai) =[I(s,a;) = E
0 otherwise

e §:OPSx0Ox8—{0,1}
The transition function checks if an operation can be
performed on an object from a given session.

0 otherwise

The Core MARAH model defines also a set of admin-

istrative and system functions, in order to create, maintain ! ) 4 )
g|:r0m the point of view of the service clients, whether ad-

and query the different sets and relations, as well as creatin
user sessions and taking access control decisions.

3. Core MARAH Web Service

Core MARAH is being implemented as web service. It
acts agolicy decision poin{PDP), independent of thol-

3The model does not provide an interpretation for this situation.
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icy enforcement poinfPEP) where the actions according
to the PDP take place, typically in systems responsible of
content generation, integration and/or delivery. Previous
implementations of MARAH were integrated in the con-
tent server [8], making no distinctions between the PDP
and PEP, and constraining its use to only one website. The
MARAH service offers a RBAC standard implementation
that is reusable by several applications within the organiza-
tion. As figure 2 shows, the differences between MARAH

addUser

addRol e

creat eSessi on
assi gnPer m ssi on
checkAccess

CoreRBAC Service

transitionFunction

| CoreMARAH Service

addUser(John) A
addRole(N1)
assignUser(John, N1)

®o

Structures &
Security Policy

3

Management tool

(I i ]

transitionFunction

(user, operation, object) yes/no

\HHHHL ]

Hypermedia server

GET http://url.net

HTML Response

Web browser

Figure 2. Core MARAH service architecture

and RBAC standard have led to a broad service split in two
smaller cooperating subservices. This cooperation gath-
ers the transformation rules from MARAH components to
RBAC components described in previous section, in terms
of service operation execution, highlighting the fact that
Core MARAH is an additive extension of Core RBAC.

ministrators or systems implementing PEPs, this separation
is completely hidden. The service usage is very simple:

first, access policy is notified to the service. Then, the ser-
vice is requested for access control decisions involving op-
erations, objects and roles previously defined. Here the term
access policy means the definition of the set of objects and
its relations, roles and clearances. It is important to note
that the adoption of the web service paradigm and the cre-
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ation of a policy service separated from the PEP introduces The Core MARAH service acts as client of the Core
new challenges, due to there is a need to protect the in-RBAC service, and implements administrative and system
formation during transmission between PEP and PDP. Duefunctions, that, in addition to the functionality provided by
to the focus of this work is the deployment of the abstract Core RBAC, allow to:

core access control model, and taking into account the ad-

vances to come in the web services security area [9], issues o Creating/deleting object instances, for each one of the

related to low level security in the service usage (i.e. identi- four types,

fication, authorization, end-to-end encryption,...) have not

been considered yet. e Creating/deleting object relationships (location, source
The Core RBAC web service implements the Core linking and target linking),

RBAC administrative and system functional specifications,

providing operations for: e Granting/revoking clearances to roles (for nodes

and/or contents),
e Adding/removing users and roles,
e Checking the access, by the transition functién (

e Assigning/deassigning users to roles, and permissions

to roles, The semantics for permission propagation, mainly gathered

by the authorization rule[() are the most important part of

¢ Creating/deleting sessions for an user and activat-the Core MARAH implementation, due to represents a hy-

ing/deactivating some roles, permedia related abstraction layer on the objects not present
in the Core RBAC service.

Figure 4 shows part of the WSDL definition for the Core
MARAH service. The implementation of some of its opera-

In order to provide a general service, all elements ’ K fthe Core RBAC ) fthem b
(roles, users, permissions and operations) are identified b HONS make use o the Core service, some of them be-

string  tokens, whilst the service returns information us- ing simply wrappers for the RBAC service Qp_e_rations. Core
ing primitive types such as string lists or boolean values. MARAH service also uses string based primitive types.

Figure 3 shows part of the web service definition (WSDL)

e Checking the access.

for Core RBAC service. el Bl e
File Edit View Go Bookmarks Tools Help |
— - <wsdl:portType name="MARAHService"> =
= @ plola Firsfos == +<wsdl:operation name="createSession" parameter
Eile Edit view Go Bookmarks Tools Help | +<wsdl:operation name="addRole" parameterOrder=
- <wsdl:portType name="CoreRBACService"> = +<wsdl:operation name="addNode" parameterOrder=
+<wsdl:operation name="createSession" parameter +<wsdl:operation name="addUser" parameterOrder=
+<wsdl:operation name="addRole" parameterOrder= +<wsdl:operation name="deleteUser" parameterOrd
+<wsdl:operation name="addUser" parameterOrder= +<wsdl:operation name="deleteRole" parameterOrd
+<wsdl:operation name="deleteUser" parameterOrd +<wsdl:operation name="assignhUser" parameterOrd
+<wsdl:operation name="deleteRole" parameterOrd +<wsdl:operation name="deassignUser" parameter0
+<wsdl:operation name="assignUser" parameterOrd +<wsdl:operation name="deleteSession" parameter
+<wsdl:operation name="deassignUser" parametero0 +<wsdl:operation name="addActiveRole" parameter
+<wsdl:operation name="grantPermission" paramet +<wsdl:operation name="assignedUsers" parameter_J
+<wsdl:operation name="revokePermission" parame +<wsdl:operation name="assignedRoles" parameter
+<wsdl:operation name="deleteSession" parameter_J +<wsdl:operation name="sessionRoles" parameter0
+<wsdl:operation name="addActiveRole" parameter +<wsdl:operation name="sessionPermissions" parar
+<wsdl:operation name="dropActiveRole" paramete +<wsdl:operation name="roleOperationsOnObject"
+<wsdl:operation name="assignhedUsers" parameter +<wsdl:operation name="userOperationsOnObject"
+<wsdl:operation name="assignedRoles" parameter +<wsdl:operation name="addContent" parameterOrd
+<wsdl:operation name="rolePermissions"></wsdl: +<wsdl:operation name="addAnchor" parameterOrde
+<wsdl:operation name="userPermissions" paramet +<wsdl:operation name="addLink" parameterOrder=
+<wsdl:operation name="sessionRoles" parameter0 +<wsdl:operation name="placeElement" parameter0
+<wsdl:operation name="sessionPermissions" parai +<wsdl:operation name="addLinkSource” parameter
+<wsdl:operation name="roleOperationsOnObject" +<wsdl:operation name="addLinkDest" parameteror
+<wsdl:operation name="userOperationsOnObject" +<wsdl:operation name="assignClearance" paramet
+<wsdl:operation name="checkAccess" parameterOr +<wsdl:operation name="transitionFunction" paral
</wsdl:portType> = </wsdl:portType> 1ﬂ
g ] O ]
Figure 3. WSDL fragment for the Core RBAC Figure 4. WSDL fragment for the Core MARAH

service service
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Both Core RBAC and Core MARAH services are be- system implementation is responsible for taking the right
ing developed using Java, and made available as web seraction (PEP) according to the response of the PDP, includ-
vice using the Axis software, from the Apache project ing presentation issues. The implementation is also re-

(http://ws.apache.org). sponsible of notifying the MARAH service when new ele-
ments/relationships are created. The system has been mod-
4. Use case: the ARCE system eled as follows:

e Nodes: the message composition, message list and

The Core MARAH service is being _prol_)ed in an use case message view are nodes. For each new composed mes-

situations), which goal is to facilitate the efficient aid man-

agement in emergency situations among Latin-American e Contents: Each form element in the message compo-
countries [1]. This application uses RBAC mechanisms to sition page is a content. In the message list, there is
establish who can create emergencies, ask for resources and  a table which rows representing links to messages. In
negotiate contributions for the opened emergencies, butthe  the message view page, the message title and text are
access policy is hardwired into the code, and so the access  also contents. Each new message generates contents
decision is taken each time using dedicated lines of code for the text and title.

(PDP and PEP are tightly coupled). In order to introduce

MARAH here, we have started to completely decouple the ® Anchors and links: from the message composition the

access decision in the part of the system related to mes- ~ USer can navigate forwards and backwards to the mes-

sages. This section briefly describes our first steps towards ~ sage list. In this page, there is a link for each written

this direction. message pointing to the corresponding message view
One of the ARCE functions is to promote the communi- node.

cation between users, and so a messaging mechanism was
designed, similar to the email, but the receiver of the mes-
sage is a role, and not a concrete user. There is an informa-
tion flow policy such that one given sender can write mes-
sages only to a concrete set of target roles. There are roles
representing different job functions and organizations in the
Latin-american Association of Governmental Organisms of
Civil Defence and Protection. Roles N1, N2, N3, N4, N5,
N6, N7 and N8 are message senders. Each one of them
has different qualifications, manages different information

e Clearances: The message composition and list nodes
have the “B” category for everybody. The message
composition form has checkboxes in order to select the
receiver roles. These checkboxes have different per-
missions according to the information flow policy:

— If the sendemustsend the message to the re-
ceiver, the checkbox has a “B” clearance, stating
that the checkbox value can't be modified

views and they do not make a role hierarchy (e.g. N1 does — If the sendercan chooséf the receiver will read
not take all N2's permissions). For the sake of clarity, we the message or not, then the checkbox has a “E”
will describe a subset of the information flow policy. clearance

— If the sendercan notsend the message to a re-

e Role N2 sends messages to N2 receivers, with manda- . ) o
ceiver, there is no permission for the checkbox

tory copy to N1. The rest of receivers can be selected

by the sender when composing the message. According to this modeling, table 1 shows the clearances for

the contents of message composition node, for roles N2 and

e Role N3 sends message to N3 users, with mandatory oo : .
copy to N1. The rest of receivers can be selected by N3 (the symbolj indicates that no clearance is assigned).

the sender, excepting N8, that can't receive messagegaCh checkbox is named using the destination role, but this
from N3. ' ' is a convention. Figure 5 shows the aspect of the gener-

ated pages in conformance with the policy for roles N2 and

The messaging subsystem has three pages: the messadé3, where the non-editable checkboxes appear disabled. If
composition page, the message list page (provides a tablesome receiver must be notified, the corresponding checkbox
with message subjects) and the message view page (showappears marked and disabled.
ing one message). The new version of the messaging subsystem has been

It is important to note that the security model itself is not implemented in PHP due to this language offers SOAP
directly concerned with other important hypermedia aspectsfunctions that make it easy the coding of web service
such as navigation or presentation. These issues are sugelients. The web server chosen to host the PHP pages is
posed to be handled by the hypermedia reference model, oApache. Nodes and contents are PHP objects that pro-
somehow considered in the design method. In our case, thevide their information through thehow() method, that
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Figure 5. Views of message composition page

for roles N2 and N3

includes a call to the Core MARAH service transition func-
tion. The PDP queries are performed by the class pdp.php,
whose objects are built by providing the URL of the WSDL
description of the Core MARAH service, as shown in figure
6.

<7php
class pdp {
private $client;
public function __ construct($wsdl) {
$this-sclient = new SoapClient($wsdl];
L
public function safe($user, $object, $operation) {
return $client-stransitionFunction($user,
I $object, $operation);
+

i

Figure 6. Core MARAH web service invocation
from PHP

Each node and content in Core MARAH corresponds to
a PHP object, but nodes keep references to the objects rep-
resenting their contents (and thus implementing there-

loc

lation), as shown in figure 7, where a generic node code is
shown. Using this mechanism, a PHP node will perform
several queries to the PDP during its dynamic generation.
The process for the generation of the message composition
node (see figure 5) is as follows: once policy is notified to
PDP, an authenticated user tries to visualize the page, so
PHP callsshow() on the PHP object implementing the
page. First, the node checks access for itself, using context
information that includes the user name and session iden-
tifier. After querying the PDP and checking the transition
function value for the “B” category, the node starts to show
its own contents, according to its own source code.

=?php
class node {
private $pdp;
private $id;
|)riuate $contents;
public function __construct($pdp, $1d) {
$this-=pdp = $pdp;
$this-=1d = $1d;
}
public function placeContenthode ($content] {
$this-=contents[] = $content;

public function show($user) {
if ($this->pdp->safel$user, $this->1d, "browse")) {
$this-=beginwrap();
foreach ($this-scontents as $content) {
$content-=show($user);
1
$this-=endwrap(];

Figure 7. Generic code for a node
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Each content to show is a PHP object, that is notified on Hierarchical RBAC and will extend it by providing new
to show itself by theshow() method. In order to show roles and objects relationships. This will allow to create
its information, the transition function has to return 1 for richer structures where the permission inheritance will re-
the content itself, so the PDP is queried again. When theduce even more the access rights management. Other fore-
content includes anchors or other contents, the process iseen extension are the inclusion of context parameters [5],
repeated again, so each HTML element sent to the clientspecially useful in open environments because they provide
has been filtered by the access control mechanism, and sanore information to make access control decisions (i.e. lo-
it is an allowed element. In this way, a given sender can cation from where the access is requested). We also plan to
not select roles for which sending a message is prohibited,add temporal constraints [10], that allows to enable or dis-
because the contents that allow this action are skipped orable the use of roles or permissions assignments for a given
otherwise disabled from the page. time interval or period, as well as limiting the duration of

Once the sender writes the message title and body, sethe sessions or permissions. Since we foresee a very rich
lects the receivers and sends the message, the system doest of additions, the formalization of the hypermedia meta-
the following: model assumed by MARAH, with extensibility in mind, be-
comes a fundamental issue. Moreover, this formalization
would allow to provide bindings between the MARAH ab-
stractions and the modeling elements provided by other hy-
permedia reference models, thus making able to integrate
¢ Add the message title content in the message list page MARAH in different design methods.

creating an anchor for it Regarding the service, we plan to study how to apply the
service in decentralized architectures where there are sev-
eral PDP responsible of keeping parts of the enterprise-wide
access policy. The PDPs can also be separated to some ex-
e Set the clearances corresponding to the new node fortent and be transformed into another service, able to gener-

the selected roles, using the checkbox information. If ate an adequate version of the content according to the user,

aroleN; is marked, ther(N;,n) = B. for instance using SMIL (http://www.w3.org/AudioVideo/).
Moreover, we will consider the integration with web ser-

Now we illustrate how links are skipped in the message . i . X
list node. When processing this node, each table row repre—VIces security standards, particularly WS-Policy [3], for en-

sents a link to a message. In order to get access to a link Vironments where contents are provided by web services

one of its sources and targets must be accessible. Since th@at describes and attach their access policy as part of the

target anchor takes the permission from the node in whichSETVICe description, maybe in different formats such as
is defined, the whole link has the permission of the destina- XACML or SAML. These policies would be used by one

tion. This implies that if the message is denied to some role, °" More PDPs that gather and interpret them in order to pro-
the link to it is too denied, so the PHP page will not add the Vide an access control decision.

corresponding row to the table. So, it can be said that there

are one or more PEP for each object, but the PDP answer§ Acknowledgements

are provided by Core MARAH service.
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Abstract

This paper describes an alarm manager aimed
at monitoring students’ activities in online
courses over the Internet. The goal is to show
an alarm manager to give more support to
distance teaching, and help the teacher to
have a thorough follow-up of distance
students, thus minimizing the teacher’s task of
looking for information in long reports or
complex graphs. Besides, the alarm manager
also helps students during their study sessions,
sending extra material, help when it considers
necessary. The alarm manager proposed here
was incorporated into the distance-teaching
environment known as Claroline. The
propodsed solution is an approach to identify
the necessary requirements for alarms
integration with web-based distance teaching
environments situations.

1. Introduction

Today, most of the web-based distance learning
environments have a great concern with the management
of their courses, the display of instructional material and
the availability of communication tools that foster the
interaction between students and teachers. These
environments lack mechanisms that would enable the
teacher to perform a more complete and comprehensive
follow-up of student’s activities during courses. This
could happen by the identification of the students’
knowledge level and their learning pace.

In distance learning courses, the teacher’s presence is
not as effective as it is in presential courses. The
evaluation of students’ individual efforts is a great reason
of teacher’s concerns, especially when a great number of
participants are involved in the course. Obtaining results
that enable the assessment of the class as a whole is

another worry, as in distance learning the teacher is not
present to evaluate this aspect.

Usually, the process of student’s evaluation in web-
based courses is performed only through the analysis of
information collected through tests, exercises or extensive
reports that contain the log of pages accessed during the
course. That is the reason why counting on appropriate
tools to monitor what each student is performing is very
important: problematic situations can be detected and the
teacher is warned about each student’s behavior. The
teacher would have access to the particular features of
each student, and would be able to customize classes to
each one, making a closer follow-up and guiding the
student during study sessions.

In some web-based teaching environments, Artificial
Intelligence agents assess the student’s behavior. An
agent monitors the processes of interaction between
students and the e-learning system, aiming at identifying
the learning process of each student [1]. The higher the
amount of information about each student, more suitable
will be the agents’ help. In the majority of teaching
environments that use student’s behavior monitoring
techniques, the required data about student’s data are
extracted from an analysis of the distance learning server
logs. Such records can provide the behavior of each
student in what concerns files access (pages), which are
stored in the server. However, it is necessary to perform
several searches in these records to obtain information
that are important and that can help to discover the
student’s behavior. A system of alarms can be used to
perform such searches and warn the teacher about what is
going on with some of them.

The goal of the present article is to show an alarm
manager to give more support to distance teaching, and
help the teacher to have a thorough follow-up of distance
students, thus minimizing the teacher’s task of looking for
information in long reports or complex graphs. Besides,
the alarm manager also helps students during their study
sessions, sending extra material, notes or help when it
considers necessary.

" This work was partially supported by grants from CNPq and CAPES.
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The alarm manager proposed here was incorporated
into the distance-teaching environment known as
Claroline[2]. It was a way of identifying the necessary
requirements for its integration with web-based distance
teaching environments.

The present paper is organized as follows. Section 2
shows some studies that have been developed for students
follow-up in web-based distance learning environments.
Section 3 shows the alarm manager proposed, and Section
4 describes the integration with the distance-teaching
environment named Claroline and the alarm manager.
Section 5 brings some conclusions and future works.

2. Related works

In general, the student’s behavior is assessed by using
the agents’ technology developed by Artificial
Intelligence. Otsuka et al’s [3] model is composed of
interface agents. These agents learn through observation
and monitoring of user’s actions, they work as personal
assistants, collaborating with the user and with other
agents in the accomplishment of certain tasks. The model
proposed by Otsuka is composed of three modules: (1)
follow-up module, which tracks the student’s interaction
within the environment and generates reports about their
participation; (2) module of behaviour analysis, which
selects and presents data that can help in the analysis of
student’s performance in a specific activity; (3) validation
module, which is responsible for the construction of the
student’s profile. Up to the present moment, no result has
been shown about the efficacy of the model proposed, or
if it has already been implemented or if it is under use.

The conBa system (CONcept Based) [4] is composed of
interface agents able of monitoring and advising students
during navigation in the instructional material. The
system is composed of two main agents, the professor and
the tutor. The professor agent offers the interface to the
human-professors, who perform the following activities:
(1) manages the course instructional material; (2)
discovers, through the tutor agent, which topics the
students are learning; (3) modifies the student’s profile,
informing the tutor agent that a given topic can be
considered as acquired. The tutor agent keeps a
description of the pages the student accessed, which are
considered studied topics. These agents do not take
decisions, and do not act in the student’s favor. They only
generate suggestions based on pages already visited by
students and on the structure of the online course. Agents
do not take into consideration the student’s previous
knowledge nor their style and learning pace. It would be
interesting if the agent could indicate extra material when
student’s needs were identified, and not simply when the
student reaches the module’s end or accesses a specific

page.

Some environments propose the use of web-server log
files to collect students’ and course’s information.
Niegemann [5] presents the EDASEQ tool (Exploratory
Data Analysis for Sequential Data) to help in the analysis
of student’s navigation history. The tool tracks the web-
server log file, converts data to an Excel file and
generates graphs about the student’s navigation.
However, a human analysis is necessary to retrieve
important information from these graphics. According to
Niegemann, the tools were not used with real navigation
data; fictitious data were produced to test the tool’s
functionality.

The monitoring model presented by Peled [6] is
composed of a filter that extracts information from the
information log considered not necessary, like the
navigator used, the accesses generated with double clicks,
accesses of teachers or course administrative personnel,
administrative tasks, login, etc. Data resulting from these
filters remain in text type files. This system was tested in
a course with 200 students, however no tool had been
developed to make visualization of these information
easier. An exhaustive analysis in texts generated is
necessary, making the process unfeasible.

Current studies have showed that the majority of
techniques used offer final reports with access data and,
in general, a human analysis is performed to collect
important information from these reports. The teacher
should search each student’s data but is not aware of what
is happening during the learning process. There is a need
for other alternatives that would allow obtaining
information about the student and the use of this
information in the evaluation process.

3. Alarm system

A solution for the problem presented in section 2 is the
use of an alarm system that monitors the processes of
student’s interaction with the course environment and
generates a navigation history. The alarm system makes
an analysis of this history. When certain situations are
detected, the teacher is warned about what is going on
with some students. Thus, the system is able to discover
when a student stops at a certain point of the course,
meaning he may not have understood the topic
approached. Data from this analysis can also be used to
help students in their study sessions, by stimulating and
indicating extra material, exercises, etc. The coordinator
of the instructional material can also benefit from an
alarm system, because information of pages accessed and
other about possible problems in the site structure may be
sent to the coordinator. Figure 1 shows the architecture of
the Alarm manager.
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The alarm system is composed of the following
modules: alarm editor, events monitor, monitoring
module, database, Log and alarm manager, which we
present in details in the following sections.

3.1 Alarms creation and edition

Teachers or administrators use the alarm editor to
define alarms used in the follow-up of student’s activities.
In this environment, each teacher can create alarms for
their courses or select alarms that were already defined by
other teachers. Figure 2 shows the user’s interface for the
definition of alarms in the current implementation of the
system.

An alarm is composed of: (a) a triggering event, (b)
one or more conditions that must be verified, and (¢) an
action that must be performed. Events are indicators of
different situations, they can be two types: (a)
environment’s events, which are events the teacher or the
student generates during their interaction with the
teaching environment. Examples of this type of event are
the student’s logon, the end of some exercise or access to
a certain page; (b) temporal events: some situations must
be checked in a certain period of time, once a week, for
example. This type of event depends on time and not on
some situation that happened because of an interaction
between the user and the environment.

An alarm is represented by ECA (event-condition-
action) rules, that is, when an event takes place, a
condition is checked and if it is true the action is
performed. Rules are expressed as follows:

On event IF <condition> THEN<action>

When the alarm is created, the teacher selects the
alarm-triggering event. In the current version of the
system, the teacher cannot include a new event, and only
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chooses the events from a list of elements pre-defined by
the alarm system.

Another information that must be informed at the
moment of an alarm creation is the condition that will be
tested at the moment the event is triggered. Today, the
condition is informed to the system in the form of SQL
queries, thus requiring the teacher has notions on the
language and on the structure of the environment’s data
model. A solution that exports the teaching environment
logic structure to the teacher and another form of the
conditions representation is under study, so that the
teacher can create his or her own alarms with no
knowledge on SQL language.

The alarm action must be informed at the moment the
alarm is created, and it can be a message in the navigator
or in the e-mail. The message receiver, who can be the
teacher, the student or the course administrator, must be
informed. The type of action and the receiver are selected
from a list previously defined, and it is not possible to
insert a new action or receiver.

Data informed for the creation of an alarm are stored in
the database shown in Figure 1. It is possible to make
new searches, insertion and deletion of alarms through the
Alarm editor. Any other teacher who participates in the
system can use an alarm that has already been defined by
a teacher.

3.2 Monitoring

The alarm system has a monitor of events that happen
in the teaching environment database. The monitor
consists basically of an interpreter of SQL commands. It
receives an SQL command as parameter (Insert, Delete,
Update) that will be performed in the teaching
environment. The alarm server receives a warning from
the monitor of events informing that some important
event has taken place. After the warning, the alarm server
verifies the conditions associated to that event. If the
condition is true, the action indicated in the database of
the alarm system is performed.

The alarm manager also stores the history of all alarms
generated so that it is possible to perform statistics about
the student’s performance during the course.

4 Integration of the alarm system into the
Claroline system

The alarm system we presented in the previous section
was integrated into a distance-teaching environment so
that the main requirements of integration of alarm
systems into distance teaching environments could be
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identified. This section describes this integration in
further detail. The alarm system was integrated into the
Claroline environment, which is distance-teaching
software developed at the UCL (Université Catholique de
Louvain) and is open code. Currently, 500 students and
20 professors of the Computer Science Institute of
Universidade Federal do Rio Grande do Sul are using the
software. Professors use the environment to make
instructional material, exercises, and tasks schedules
available, as a complement to presential classes.

Claroline was chosen for special reasons. First,
because the environment adopts the policy of GPL open
code software, a very important requirement in our work.
Second, Claroline was developed in PHP language and
MySQL database, the same used in the implementation of
the alarm system, what made the integration between
systems easier. The environment’s source code is easy to
understand its structure has environment variables and
functions libraries, what helps the addition of other
software modules.

4.1 Monitoring

There is a monitor of events that occur in the
teaching environment’s database (Claroline). The monitor
performs actions in the occurrence of a critical event.
Figure 2 represents the Claroline structure integrated with
the event’s monitoring system.
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Figure 2 - Claroline integrated to the module
of events monitoring

The monitor consists basically of an interpreter of SQL
commands. It receives as parameters: an SQL command
from Claroline, the user’s ID and the course ID. With
these parameters it is possible to identify the event
(INSERT, DELETE, UPDATE) and the table where it is
taking place. The monitor of events was implemented as a
web service, offering a practical and efficient way for
applications communication and data exchange over the
Internet [7].

The communication between Claroline and the
monitoring web service is carried out through SOAP
(Simple Object Access Protocol); a protocol based on
XML (Extensible Markup Language) and establishes a
communication path among applications in different
domains [7]. In the present study, SOAP uses an HTTP
transfer protocol to send messages of remote functions
request. HTTP facilitates the transportation of SOAP
messages among systems because firewalls usually do not
block the access to the HTTP port. The fact that XML
messages are text-based justifies the possibility of
communication among different platforms.

The Claroline system underwent small changes in
order to call the monitoring web service. We highlight
that the performance of the SQL command by Claroline
remains the same. The monitoring web service only
determines the action to be taken in case there is an ECA
rule defined.

4.2 Implementation tests

In order to validate the alarm system integration with
the Claroline environment, some alarms were defined and
activated in the environment. Two types of actions were
implemented: sending e-mails and calling of remote
functions through a web service.

The first action consists basically of sending e-mail to
all students of the same class about the scheduling of a
new task. In Claroline, scheduling works as follows: the
teacher accesses the system and schedules a test or
homework. Scheduling data are stored in the Claroline
database and can be seen when the student accesses the
course’s page. To make the teacher’s work easier and
help the student, the monitor of events identifies the
addition of a new task in the scheduling table and sends e-
mail to all students with the new item. This happens in a
transparent mode to the teacher, who does not need to
interfere in the process. The administrator registers the
message that will be sent.

Besides, an action that calls a remote procedure, a web
service, was also implemented. In order to test this
functionality we used the model described in [8], which
defines a central data repository that contains information
about students from different distance teaching
environments. It was necessary to develop an action that
enabled Claroline to send its student’s data to the
repository, so a web service was created and named
Notify Data. The function implemented to perform this
action is specific for events in the Claroline’s table that
stores the student’s registers. Its main goal is to call the
remote procedure named Notify PersonalData from the
Web-service defined by Musa. This procedure warns the
repository that new data have been inserted in the



Claroline database and requests authorization to insert
them in the repository.

During informal conversation with some students and

teachers who used the system and received alarms, we
noticed they found some alarms interesting and some
inconvenient. Alarms that suggest content to be studied or
exercises were considered positive. Alarms that send the
students an e-mail reminding them to access the course
after an idle period were considered inopportune.
The teachers suggested an alarm should be sent after a
certain period of time, i.e., the alarms generated should be
sent to the user gathered in a batch. This suggestion can
be applied to some kinds of alerts.

5 Conclusions and Future work

The alarm system presented in this article was
implemented as a generic module, so that it can be
attached to other web-based teaching environments.
Aiming at validating the use of this system in a e-learning
system, it was integrated into the Claroline environment,
which is being tested by a great number of users, students
and professors, of the Computer Science Institute of
UFRGS. An advantage was the choice for an environment
developed within the policy of open code software. The
entire source-code and the database could be fully
accessed and changed whenever required. One of the
main difficulties found during the integration was the fact
that the alarm system needed the e-learning system to
inform data about the teaching environment database.
Besides, the alarm conditions are expressed as SQL
queries, what constrains the use of the environment. A
different way of solving these drawbacks is under
investigation. The information of data regardless of the
administrator’s presence is under study too, as well as a
language or editor that has conditions already defined to
be used at moment of the alarms edition.

As the alarms are being generated in the Claroline
environment, it is possible to capture data that are
essential for the validation of this model both for
student’s activities follow-up and as a way of keeping
them motivated in the course they are taking. Some
results have already been obtained and were shown to be
quite promising, being important indicators of the
system’s success. Now we are offering the possibility of
alarms management for the full set of courses being

Developing an Alarm Manager Based on Web Services 71

teatched at II-UFRGS to gather a big amount of real
experimental data. We hope this experience can give a
step further on the contributions to make Distance
Education a feasible alternative in the educational
process.
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Abstract its external partners applications, for which transformations
are also needed, as mentioned in [10].

Web-based applications are no longer isolated sys-  Although a priori there are no major problems with this
tems. Now they need to interoperate with external ser- approach, we may face different kinds of incompatibility
vice providers and legacy systems, which are available in jssues when trying to integrate external pieces into the sys-
a wide range of different platforms, and may follow dis- tem (e.g., external services or legacy applications). For in-
parate communication mechanisms. Modeling the interac- stance, the interface of the services required by our appli-
tions between these systems is not simple, and needs to heation (as specified in one of the PIMs) may not match the
properly addressed within any model-driven developmentinterface of the actual service, as provided by the external
scenario. Many of the existing Web Engineering proposals service provider. There is no problem if these incompati-
do not take this fact into account, or else they address it bilities are explicit because they can be easily detected and
in a very simplistic way. In this work we use an MDA ap- corrected—as happens with signature incompatibilities, for
proach for encapsulating the different interaction abstrac- example. These situations can be treated with the use of
tions and mechanisms into a separate platform-independentadaptors, wrappers, or any kind of adaptation technique.
level, and show the transformations required to produce Tpe major problem appears in the cases of implicit as-
platform-specific models depending on the particular de- symptions on the interaction models and mechanisms fol-
tails and interaction mechanisms of each technology plat- |gwed by clients and servers. Normally, these assump-
form and middleware. tions are implicitly made by software developers with pre-

vious knowledge about how the target platform(s) work.

Whenever all of the application is generated from the initial
1 Introduction PIMs using a single platform technology, and therefore alll

parts follow the same interaction models and patterns, this

As the demand and the number of available distributed Problem does not arise. However, when we need to work
Web applications grows, so does the need to easily design}"”th external entmes_, t_he interactions models of each party
deploy, maintainintegrateandinterconnectsuch Web ap- should be made explicit so as to be able to detect and resolve
plications in heterogeneous environments. MDA [17, 5] potential inconsistencies and conflicts at design level.
seems to be one of the most promising approaches for ad- This work presents an approach for modeling the com-
dressing these issues: it provides the right kinds of abstrac-munication mechanisms between a Web application and its
tions and mechanisms for improving the way applications related external systems. It makes explicit both the pro-
are integrated and interconnected nowadays. gramming abstractions through which the client and service

A proper integration approach requires a structured andprovider perceive and use the communication, and certain
efficient way to assist software architects and developersimplementation choices about the selected target platform
achieve such integration not only at implementation level, that are generally implicit. This is specially relevantin those
but also during all phases of the development process. Incontexts in which several platform technologies may be si-
this regard, any integration with legacy data and external multaneously used.
services at the PIM level requires modeling them, too (their  In general, there is no standard way of describing imple-
structural features, behavioral descriptions, etc.)—allowing mentation decisions such as concurrence, security or trans-
the manipulation of the external entities of such systems like action, in order to get computationally complete PIMS, i.e.,
native elements of our models. Special care should be takerPIMs that contain all the information required to produce
in this case with the bridges that connect the system withreal program code. Several approaches address this issue
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by identifying these concerns at different levels of abstrac- Java Beans, J2EE and Web Services and .NET.
tion. For instance, Almeida et al. [1, 2] introduce thig-

stract platformconcept, which defines the characteristics cORBA Service Provider. To request a CORBA service
required for the mappings onto the set of concrete targetprovider, the client may follow one of two approaches [8,
platforms, which are considered in an MDA design pro- 15 19]: (i) a static invocation method or (i) a dynamic invo-
cess. Following a different approach (that uses a UML cation method. In the former, the client has to acquire an ob-
profile) Witthawaskul and Johnson [21] define timgit of  ject reference to the CORBA object at compile-time. This
work concept which can be applied to a UML operation to reference is used to initiate a proxy object that represents
support platform independent transaction modeling. Simi- the remote object in the client’s address space. For gener-
larly, our work follows an approach based on marks (using ating the proxy implementation, an IDL specification of the
a UML metamodel) that guide both the PIM to PSM trans- cORBA object is required and compiled into the client pro-
formation, and also the PSM to the |mp|ementati0n Model gram. IDL Specifications can define both Synchronous (re_
transformation. They represent interaction model Capabili- quest/rep|y) Operations and asynchronous (one_Way) mes-
ties and services provided by potential target platforms ab-sages.
stracted away and specified in a platform-independent way.  For dynamic invocations there is no information about
Another controversial issue is to do with the place where the types and interface specifications of the required
implementation decisions are expected to be specified: ()CORBA service. The client can look this information up by
directly in the PIM; (i) in the target platform model, or; querying an Interface Repository (a service that provides
(iii) in the transformation model. The MDA community |pL definitions at run-time). In consequence, a client re-
still Struggles to deal with this issue, as a qUiCk look at the quest consists of operations for Setting the name and pa-
discussions happening in the MDA mailing lists clearly re- rameters of the request and retrieving the returned values
veals. or an exception at run-time. Once the client has acquired
The structure of this document is as follows. After this a valid remote object reference to the CORBA server ob-
introduction, Section 2 provides a brief description of the ject, it can call the server object’s methods as if the server

interaction styles supported by technologies like CORBA, opject resided in the client's address space. The mapping
Enterprise Java Beans, J2EE, Web Services or .NET. Afterof the object name to its implementation is handled by the

that, Section 3 derives a UML metamodel based on existingjmplementation Repository.
similarities found among the previous interaction models.
Using this metamodel, Sections 4, 5 and 6 show how 10 g0 rise Java Beans/J2EE Provider. For a client to

apply it in a service-_oriented scenario. Finally, Section 7 call a business method, it needs to go via an EJB object
dra_w_s. some conclusions and outlines some future researcl@a generated Java class based on the Component Interface).
activities. This means that a client never accesses an enterprise bean
directly [4, 20]. Firstly, the client has to call a factory object
2 Interaction Models for Web Applications (which is the EJB Home Object) to either locate an existing
EJB object or create a new one EJB object. Once gener-
Currently, Web applications need to interoperate with ated during compile or deployment time, EJB objects act as
third party systems (external portlets, Web services or bridges between the client and the bean instances [18].
legacy applications) in a variety of ways—interaction  There are several types of EJBsession beans, entity
models—which reflect the heterogeneity of applications beans and message-driven beafbe two former kinds of
built upon disparate implementation technologies such asbeans provide their interfaces to allow remote clients to in-
J2EE, CORBA or .NET. Generally, each middleware tech- Voke them. However, message-driven beans do no make
nology has its own interaction model, although traditional their interfaces public. On the contrary, a message-driven
client-server interaction patterns are likely to be common. bean listens for messages that are sent uiawg Message
A Web application may be required to communicate with Serviceand processes them anonymously (asynchronous in-
a great variety of systems in different address spaces ang/ocations).
running on heterogeneous platforms—which use different An XML file describes how an Enterprise Java Bean
communication abstractions and interaction models. Hereshould be assembled and deployed, its name, and other ex-
we will briefly describe the interaction styles of the most ternal dependencies of the bean.
commonly used technologies, which are able to connect ap-
plications implemented using heterogeneous technologies. Java/RMI. This mechanism is tied to the Java program-
Three main technologies support nowadays communi-ming language and virtual machines [9]. RMI allows op-
cation between modules of disparate systems, hiding plat-erations on Java objects to be invoked. The client should
form and language specific details: CORBA, Enterprise first contact an RMI registry, and request the name of the
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service. RMI URLs identify services, including the host-
name on which the service is located, and the logical name

of the service. Then, the registry will point the client in the
direction of the service it wants to call. The mapping of

Object Name to its Implementation is handled by the RMI Find publish
Registry.

namic linking to load the classes of parameters or returned reauester provider
objects over the network, allowing clients or servers to re-

RMI generates proxies and stubs from Java interface def-
ceive objects of classes unknown at compile time. Figure 1. Basic Interaction Model

initions. Furthermore, RMI uses Java’s capabilities for dy-

Web Services & .NET Provider. In order for a client to
be able to employ a Web service, the client should know  According to Figure 1, an interaction between two end-
where the Web service resides and how to invoke its meth-points can be defined in terms of:
ods (that is, how to serialize the call to the Web service and
how to deserialize received messages from the Web ser- e The set of messages accepted by the service provider
vice). This information is provided by the WSDL speci- (Provided Interfack
fication of the Web service [22]—an XML document that
specifies the data types of the messages, the protocols that ® The set of messages required by the clighequired
are accepted, the Web service’s endpoint, and the bindings. ~ Interface

Since the notions involved in creating the SOAP mes-
sage to be sent to the Web service, making the actual HTTP
request, deserializing the HTTP response, etc. could be
complex, they are abstracted using a proxy class. Such e The programming abstractions through which the

e A protocol that defines the partial order between the
exchanged messages.

a class encapsulates the complexity of calling a Web ser- client and server view the protocdhg client-side and
vice and reveals a simplified interface [11]. From the client server-side programming interfadesThis is impor-
application’s perspective, the Web service is simply a lo- tant, because these programming abstractions encap-
cal component—the client doesn’t have to worry about the sulate the agreement between both parties on the data
specifics of how to serialize a SOAP message, or how to format, the mechanism for transforming and recon-
make a HTTP request. structing the object state into this format, the transport

protocol, etc.

3 Modeling interactions Most approaches just focus on the first three points.

) ) However, the fourth one is not explicitly stated or mod-
3.1 Basic Interactions eled anywhere; instead, it is usually implicitly assumed by
both the client and the server, and therefore hard-wired into
The basic interaction model works according to the their models, transformation rules, and code. This is not
three-step process shown in Figure 1, being differentflexible and does not provide the platform-independence
interaction models supported by combinations of this required in a true MDA approach. Besides, these as-
configuration—mainly combinations of the second and sumptions are usually made separately, which may cause
third steps. other contradictory choices. Thus, being able to express
this kind of information—particulary the last point—in a
Platform-Independent way is a step forward to achieving
abstracts models established in more detail that allow code-
generation MDA tools to obtain real implementations.

Step 1. A service provider publishes a description of their
services in a publicly accessible registry.

Step 2. A service requestor discovers those services by 3 5 Identifying Model Elements and their Rela-
querying the registry and binds to the selected service. tionships

(Note that we will call the service requesteclant)

In our proposal we have tried to use existing UML ele-
Step 3. The client interacts with service provider. ments as much as possible, in particular UML 2.0 elements
because they provide some useful architectural concepts
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UML Base Element

Port

Port

Port

Port

Port

Interface

Interface

Interface
Assembly Adaptor

Stereotype |

< ServerPort>

< ClientPort>

< StubClient>

< ProxyClient>

< DynamicClient>
<InterfaceSignature>>
< Providedinterface>>
<Requiredinterface>>
< Interaction>>

Table 1. Summary of the stereotypes used

and mechanisms for our purposes. Table 1 shows a sum
mary of the profile we have defined for representing these

concepts. In particular, we consider each system as a UML

2.0 Componentwhich represents “a modular part of a sys-

tem that encapsulates its contents, designs as well as imple-

mentations features, without losing the ability to describe
deployment information and being replaceable within its
environment” [16].

Componeninteractions are carried out through a layer of
abstraction that allows clients to instantiate and access th

can define one or moreorts through which acomponent
invokes and receives method calls.

Since each endpoint can act as eithgoravider or a
client in each of the Web interactions in which it plays a
role, we have modeled causality byPart stereotyped as
ClientPortor ServerPort

The interaction between ServerPortand aClientPort
falls into one of the following categories:

e Synchronous invocation. THelientPortinvokes a re-
mote procedure and blocks it until a response or an
exception is received from thgerverPort

Asynchronous invocation. Th€lientPort invokes a
remote procedure and continues processing without
waiting for a return, although the returned value will
be received at any moment.

One-way invocation. Th€lientPortinvokes a remote
procedure but does not block or wait to receive a return
since it will not receive a return value.

(iii)

Initially we will consider that eachPort is associated
with only onelnterface More precisely, LlientPortis as-
sociated with &equiredinterfacend aServerPortis asso-
ciated with aProvidedinterfaceA ProvidedInterfacepec-
ifies public operations that are remotely available. On the
other handRequiredinterfacesomplemenfrovidedinter-

75

contain just syntactic information about the methods pro-
vided by aSystem while Ports encapsulate the required
business logic that allows Requirer to interact with a
Provider, tying that business logic with a concrete “imple-
mentation choice”. Note that in many cases some imple-
mentation choices will only be supported by certain target
platforms.

EachPort has an associatedRrotocol that defines the
partial order in which the post owner object expects its
methods to be called, and the order in which it invokes
another object’s methodsPort’s Protocolsshow a global
perspective over its constituent external applications proto-

col descriptions. For simplicity we have supposed that each
Port is associated with only onaterface and hencéort’s
protocolswill coincide with Interface’s protocols

ServerPort's Protocokan be describe as text files us-
ing BPELAWS or WS-CDL specifications, for example.
ClientPortsinterfaces can be augmented with behavioral
descriptions based oprotocol state machinethat define
usage constraints among features of the associated inter-

face. Many aspects of th€lientPort are determined by

methods of the external services provider. In this sense, w:[he external system which the client connects to. In con-

sequence, th€lientPort can be classified into three main

categories based on the third party system that they can in-

teract with:

(i) Stub Clientsare never required to be downloaded or
distributed to clients and they are specific to a cer-
tain protocol, transport option and server requirer (ac-
corded at compile time). The client must obtain a refer-
ence to thé&tubbefore using it, which represents an in-
stance of the server provider. In order to obtain it, both
the remote interface and its implementation have to
be available so the client relies on an implementation-
specific class.

(ii) Proxy Clients asStub Clientsrefer to static invoca-
tion of server provider methods. They are not portable
across implementations either—in this case, the code
for the Proxy Clientis created during runtime, but the
reference to the interface specification of the external
provider is obtained at compile-time.

Dynamic Clientscan access a service discovering its
interface description dynamically. In the same way,
they can invoke server provider methods at runtime.
This implies an extra work at runtime to fetch and pro-
cess the server interface.

At this point, a benefit of usingorts is that the con-

facesand describe those external features on which a systenstraints and requirements on the communications between

depends to implement its functionality.
Ports describe how &ysteninteracts with its environ-
ment. They are different tinterfacesbecausdnterfaces

applications can be modeled without forcing software de-
velopers to take into account the platform specific notions
in their designs. In this way, the designs can be reused to
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be run on different platforms (hence following the platform- (airlines, hotels and car rentals) and financial organizations
independence philosophy dictated by MDA). (credit companies and banks).

The kind of Client Port to be used is important, and To book a vacation package, the customer will pro-
strongly influences the kinds of client-side artifacts that vide details about his preferred dates, destinations, and ac-
need to be generated at development-time. ERitiband commodation options to the Travel Agency System (TAS).
proxy clients require the complete interface specification of Based on this information, the TAS will request its service
the external services. That s, the client does not need to disproviders for offers that fulfill the user’s requirements, and
cover the required service but instead it has, at developmentwill then present the list of offers to the customer. At this
time, to know the external system’s details (location, con- point, the customer may either select one of the offered
figuration file, WSDL or IDL URL, namespace, etc.). In packages, reject them all and quit, or refine his requirements
contrast,Dynamic Clientsmust dynamically discover and and start the process again. If the customer selects one of
invoke an external system without any prior knowledge of the packages, the TAS will book the individual services to
its details (signature of the remote procedure or the namethe corresponding transportation companies, and charge the
of the service). For &ynamic Clientthere is no coupling  customer.
between the service interface and the client. This makes the The straightforward application of MDA to develop a
client code easy to modify if the external systems specifica- system is based on the following steps:
tions change.

On the other hand, one of the most significant differ- Step 1 Create class diagram (PIM) describing object
ences betweeStub ClientandProxy Clientss how exter- model.
nal functionality is invoked. For the former, the client-side
programming interface is embedded inside the client busi- Step 2 Mark PIM elements with stereotypes.
ness logic. On the contrary, féroxy Clientand Dynamic ) ] .

Client, the client-side code is packaged apart from the client Step 3 Customize the marked PIM with annotations.
application.

Please note that the selection of th@setsonly affects
the client side. From the server p_ersp<_active, it onl_y receivesStep 5 Generate a PSM.
and returns messages which are identical for all client types.

Step 4 Specify the target platform.

3.3 Adaptors

In case there is a strong requirement of using an exter-
nal service provider (e.g., fdstub Clienty the software

designer can specify what should be done if the behav- i%
ior/specification of both parties is incompatible. Since we
have the interface of the required external systgrs/{ded o
interface$ available, we can carry out static checking for
comparing them and determining whether they fulfil our re-
quirementsrequired interfacep

If not, the designer can decide at designing-time to im-

plement an intermediate business logiddptorsg that con-
forms to a given interface or employs a required external
system. Adaptors mediates between th€lientPort and
ServerPortinteractions, resolvingervice provideandser-
vice requestedifferences at interface and protocol levels.

4 Example: The Travel Agency Figure 2. The PIM to PSM iterative process

In order to illustrate the use of interaction patterns in the
definition of Platform Independent and Platform Specific  In general, the MDA software development process be-
Models, let us consider a Travel Agency service that sellscomes an iterative model transformation process where
vacation packages to its customers. The packages includeach step transforms one (or more) PIM of the system at
flights, hotel rooms, car rentals, and combinations of these.one level into one (or more) PSM at the next level until a
External service providers include transportation companiesfinal implementation model is reached (see Figure 2). Here,
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an implementation model is just another PSM, which pro- environments).
vides all the information needed to construct a system and
to put it into operation).

Note that we will call the last platforrtechnology plat- air_lines
form (i.e., the one that provides the executable PSMnpwr Air_lines
plementatiolh The intermediate platforms that transform 1!?&3'{?_3:‘1‘521({;“7;5'?;1;‘1::":;Vrkz::.‘,.v TS
. . . +pay_flight( pay_inf : Pay_Inf) : Ack_pay
PIMs into PSMs that will be used as PIMs in the next step +cancel_flight( reserv_in ; Reserv) : Ack_cancel
. Car_Hire

are considered abstract platforms TG carTs IR

. +reserve_car( car_sel : Car_Inf) : Reserv
. G|ver_1 that an element of the PIM may be marked sever.al [wavel_agency] | e ar oy nPoy ) Aok gy
times with marks that come from different metamodels, it

. . . Travel_AG

will be transformed according to each of the mappings. The | | |- el et rea Traetrea) T s o
. . . . +reserve_travel( travel_sel : Travel_Inf) : Reserv otel
semantic of the resulting marked element is given by the | | |mataeiperint:Pay.int): ack pay

+cancel_travel( reserv_inf : Reserv ) : Ack_cancel
gathered features through the MDA model transformation S . . [ —
process. e T e
In our approach we need to go though two main phases. | [ pame | e een{resnntResen ) Ak e
Firstly, we need to identify the system scope and bound- -
aries, i.e, which services will be provided by our system, +make_payment( pay_int : Pay_Inf) : Ack_pay
and which ones will be externally required. The result of
this phase is a high-level architectural view of the services
and components of our global system. In the second phase,
we need to determine the concrete platforms and communi-
cation mechanisms between our application and the external
systems identified previously.

Figure 3. The TAS PIM

As previously mentioned, any integration to legacy data
and services may require that the interfaces to those ele-
5 Identifying the scope and boundaries of our  ments are also modeled. The kind of information that is

system available from them will allow us to check whether they
match our requirements or not, as described by the system

In our previous work [14], we presented a model-based model [13]. More precisely, this information should be able

framework that allows the high-level integration of Web ap- € allow us to:
plications with third party systems aligned with the MDA
principles. It enables the manipulation of the external enti-
ties and systems as native elements of our models.

At design level, software developers are able to spec- (b) check whether it matches the system requirements
ify/mark: the system elements that require code generation; (this is also known as thgap analysigproblem [7]);
the system elements that will be remotely accessed using its
provided interface specifications and implementations; the (¢
system elements that need to interact with others; and the
system properties that are used for identifying them. All this
is done in this first phase in a platform-independent man-

ner, i.e., independently from the communication asbtrac- (q) ideally, provide the specification of an adaptor that re-
tions and mechanisms used, and the platforms in which our -~ gg|yes these possible mismatches and differences (see
system and the external services are implemented. These ¢ ¢ 16]).

details will be added in the second phase.

In the first place we need to create the PIM of the sys-  The integration of third party systems with a Web ap-
tem, which in our case is shown in Figure 3. It focuses just plication should be addressed at three levels of abstrac-
on the operations of the system, while abstracting away thetions (namely, presentation business procesand data
rest of the details (software architecture, distribution, sys- level) [14]. For the sake of simplicity, in this paper we will
tem boundaries, communication protocols, implementation only consider the business process level.
platforms, etc.). This solution is specified in terms of UML Once the high-level PIM is described, we need to iden-
packages and their interconnections in a platform indepen-tify the system scope and boundaries, and then build a
dent manner, where no implementation decisions have beemodel of the system with this information. That tar-
explicitly stated (this greatly simplifies the PIM of the ap- get model (PSM) will be built by transforming the orig-
plication making it reusable across different target platform inal PIM using marks. To identify the elements in

(a) model the component or legacy system (e.g., by de-
scribing its structure, behavior, and choreography);

) evaluate the changes and adaptation effort required to
make it match the system requirements (i.e., evaluate
thedistancebetween the models of the “required” and
the “actual” services, see e.g., [12]); and
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the TAS PIM that should be transformed in a particular mapped to a UML«Class>> holding the same char-
way, we will use the stereotypegExternalSystem>> and acteristics as its original (name, attributes and opera-
< ExternalAssociation>. An <ExternalSystem>> defines tions).

any other external system interacting with the system under
consideration. In the same way, atExternalAssociation>>
defines an interaction between the system under deployment
and an<ExternalSystem:>s.

Implicitly, each type of model element in the PIM is
only suitable for certain marks, which indicate what type
of model element will be generated in the PSM.

Marks are not a part of the platform independent model
although they appear on the marked PIM (see Figure 4).

e Associations transformation.For each UML associa-
tion stereotyped asExternalAssociation> two com-
ponent ports will be generated, each one as Associa-
tion ends of that relationship. Ports will be associated
to the UML «Component> derived in the previous
step. Its behavior is defined in terms of an interface
associated with that port, which specifies the nature of
the interactions that may occur over that port. Thus,
the port interface’s name is given the value of the UML
class name from which it derives and its operations

air_lines correspond to its UML class operations.
<<ExternalSystem>>
Air_lines e Transformation of Association’s ends. For the end-
+|indJIighl_(inLreq:Fllyfreq):F!yJist Olnt Of an E t |A . t Stereot ed aS
s NG sl P ) s ear bire | P ExtermnaiAssociation> yp
+cancel_flight( reserv_inf : Reserv ) : Ack_cancel e <InternalSystem>, a usage dependency from the
Car_Hire port to the interface is generated, showing how the
CeERtermal S 0ct At O ind_car( car_req : Car_req ) : Car_list i 1
[ravel_agency | :;:syercv:r_(c:mf_:s:.a ;CI:,'E).":.A);S:W <InternalSystem>> provides a set of services.
<dnteralSystoms> e e For the endpoint of an<ExternalAssociation>
+|Ind7lrave|(lravel:rr::‘:li:;zgeq):TraveLIIst T‘ StereOtyped aKEXternalSyStem>>’ an Implemen_
e Tawrsis Vst o 2 — tation dependency from the port to the interface
+cancel_travel( reserv_inf : Reserv ) : Ack_cancel <<ExternalSystem>> . . . 3
‘ : o is generated, showing the services required by the
Extornalhssociatichs> find_roon roam_roa - oo req ) - oo it < ExternalSystem>>.
bank B e e

—T— e Finally, assembly connectors are defined from required
Bank Interfaces to the corresponding provided Interfaces.

+make_payment( pay_inf : Pay_Inf) : Ack_pay

Applying these mapping rules on the PIM in Figure 4,
the PSM shown in Figure 5 is obtained.

As previously mentioned, the MDA software develop-
ment process is an iterative model transformation process
Note that the marked PIM is, by definition tech- whereby a PIM is transformed into a PSM, which in turn
nology independent. In consequence, the prefix “Ex- becomes the PIM for the next transformation—until a final

ternal” used by the stereotypesExternalSystem> and PSM (the systenmplementatiohis reached. Wh_at counts
«<ExternalAssociation>> in Figure 4 does not imply any im- @S & platform depends on the level of abstraction, and the
plementation decisions. Instead, it is only used to limit the Kind of system being developed.

system scope that has to be development.

Once we have the marked PIM, we need to transform it 6 A Platform Specific Interaction-Model
into a PSM that can be translated into a target implemen-
tation code. As “platform” we will use here the UML 2.0 Once we have the (UML 2.0) architectural description
constructs and infrastructure for describing software archi- of the System, that identifies its scope and interactions with
tectures, because what we want to build in this phase is theexternal services, the next phase focuses on the specifica-
software architectural description (i.e., model) of the sys- tion of such external interactions using the particular plat-
tem. This transformation will be guided by the following forms and communication mechanisms of the required ser-
mapping rules: vices. By adopting an MDA transformation process based
on marks and annotations, we have to define the marks and
transformations required.

Basically the information that the transformation process
has to generate from the marked PIM is: the communica-
e Classes transformation. The UML class stereo- tion mechanisms between tiidomponentshow the com-

typed as«InternalSystem>>> or <ExternalSystem>> is munications will be carried out; and the information that

Figure 4. The marked TAS PIM

e Packages transformation. Each UML package is
mapped to a UMl Component> initialized with the
same as its corresponding UML package.
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Figure 5. The PSM after applying the MDA transformation

describes the architecture of the Web application. There- e Another CORBA implementation of the CarHire Ser-

fore, the model shown in Figure 5 has to be marked again
to specify that information.

the PIM, the resulting PSM is also platform-independent.
We will mark them with decisions which are considered

and taken in the context of a specific implementation design
based on the concepts discussed in Section 3:

gies used to interact with the external services.

are going to make use of external service providers which
include transportation companies (airlines, hotels and car
rentals) and financial organizations (credit companies and

vice. In this case, we plan to implement a dynamic in-
teraction pattern so the IDL file will be looked up in an
Interface Repository where it must be stored. In that
sense, no IDL file has to be provided by the external
server provider.

Once we have applied previous transformation rules on

The exact steps taken to access the Interface Reposi-
tory depend on whether the client is seeking informa-
tion about a specific object, or browsing the Interface
Repository to find an interface. In both cases, before
a dynamic client can browse the Interface Repository,
it needs to obtain the object reference of the Interface
Repository to start the search. Once the client has the
object reference, it can navigate the Interface Reposi-
tory, starting at the root.

e Ports that specify services provided by external entities
are stereotyped agServerPorts>>

e Ports that specify required services are stereotyped as
< ClientPorts>>>.

¢ Finally, assembly adaptors connecting interfaces have

been stereotyped asinteractions>. e The two other external services are supposed to be

available as external Web services. Their respective
WSDL interface descriptions are required as illus-
trated in Figure 7. Additionally, the code for the in-
teraction with the Airline Web service relies on an
implementation-specific class since it uses an stub-
style. This means that its implementation should also
be available.

The resulting model is shown in Figure 6.
Now it is time to include information about the technolo-

In the particular case of the Travel Agency System, we

banks). For illustration purposes we have selected different  at this point, we also need to decide on the implementa-

technologies for each external service. More precisely:

tion technologies and platforms of our own system. Imagine
i ) ) that we decide to implement the Travel Agency using Java
e A CORBA implementation of the Hotel Service. As 5.4 \Wweb Services technologies.

previously mentioned, in order to participate in anin- |, this case we could use the transformation rules of any
teraction with a CORBA server application, the client ot the existing approaches for converting our marked and
(that is, our Travel Agency Service) must be able 10 gnngtated PIM (in Fig. 7) to the corresponding PSM (shown
getan object reference for a CORBA objectand invoke i, kig g). For instance, we could follow the approach by

operations on the object. To accomplish this, the client geiyin et al. [3], and then proceed according to the follow-
needs information about references to the enwronmen-ing steps:

tal objects that provide services for the CORBA ap-

plication we plan to use and the IDL specification for 1. Code each service endpoint interface and its imple-

implementing a stub-style invocation. Figure 7 shows
how this information is specified using notes associ-
ated to its corresponding stereotypes.

mentation class. A service endpoint interface declares
the methods that a remote client may invoke on the
service. In this case, each UML class is mapped to
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Bank = Hotel |
Travel Ag 00—~ N
<<stubclient>> @)
<<Interaction>>
‘ Bank ‘ Hotel
Travel_Ag
+make_payment ( ... ) : Ack_pay ‘
+find_travel( ... ) : Travel list
) : Reserv . -
G oA +cancel_room( ... ) : Ack_cancel
.. ) : Ack_cancel
Air_Line
Car_Hire il
Air Line <<Interaction>> —
ar_Hire
Ffind_flight ( ... ) :
+reserve_Light ( ... PG oo ) & GG
tpay_flight ( ... ) : serve_car Res:
tcancel_flight ( tpay_car( ... ) : Ack_pay
+cancel_car( ... ) : Ack_cancel

Figure 6. Marked PIM

Bank ‘
Travel_Ag

+make_payment ( ... )

+ Ack_pay |

.. ) : Travel list

Air_Line

Car_Hire

Air_Line
- Car_Hire

+find_flight( ... ) : FL
+reserve_flight ( ...
+pay_flight ( ... ) : A
+canc

+pay_car( ...

el_flight( ...
+cancel_car( ...

. Build, generate, and package the files required by

. Deploy the service.

Figure 7. The Annotated TAS PIM

the CORBA helper class (interfaceHelper.java) and the
CORBA holder class (interfaceHolder.java) that de-
scribe everything needed to use the client stub from
the Java programming language. For the rest of the
services, no more classes are generated (the code is
embedded in thecJavaClass>s>> implementation).

a < JavaClass>> initialized with the same characteris-
tics of its corresponding UML class. Based on this, the
<Javalnterface>> is also derived.

the service. In this case, each UML class is also
mapped to a<WSDL Specifications>>: <WSDL
types>, <WSDL operations>>, <WSDL bindings>>

_ The PSM obtained, shown in Figure 8, includes all the
and<WSDL services>>.

details required to build the final implementation.
Four deployment files are re-
quired in our case: web.xml, jaxrpc-rixml, config- 7 Conclusions and Future Works
wsdl and config-interface. Thus, theJavaClass>
is mapped to a«JWSDPweb.xml>>, < JWSDPjaxrpc-
ri.xml>, < JWSDPconfig-wsdl>> and<JWSDPconfig-
interface>> files.

In this paper we have discussed some of the (many) prob-
lems that may happen when integrating Web-based applica-
tions with external systems. In particular, we have concen-

. Generate client-side abstractions for consuming exter-trated on the interaction issues due to potential incompati-

nal services. For the CORBA services, we will add: bilities between clients and servers of different implemen-
the client stubs for each interface (interfaceStub.java), tation platforms and middlewares. Our main contribution is
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<<sDL> <<UDDT>> <<JWSDR_web>>
Tra vel_Ag_wsdl Travel_Ag_uddi Travel_Ag_web

travel_agency |

Travel_Ag

<<JavaClass>>
Travel_Ag_interfaceHelper

1

<<JavaClass>>
Travel_Ag_interfaceHolder

<<JwsDe

contig-wsdl>>
Travel_Ag_config-wsdl

<JWSDP_config-interface>>
Travel_Ag_config-interface

<<JWSDE_jaxzpe-ri>> ‘ ‘

to make such interaction models and mechanisms explicit,

Figure 8. The final TAS PSM

(5]
(6]

(7]

(8]
(9]

[10]

so incompatibilities can be detected, and bridges or adapterg11]

can be easily built. Besides, we have done it according to

the MDA principles, encapsulating those interaction con- [12]

cepts and mechanisms in a platform-independent manner,

and then providing transformation rules to the different im-

plementations available of these concepts in the most com-

monly used platforms and middelwares.

Now that the interaction issues can be solved at this 14
level, we plan to move forward, trying to address two other
major issues.
adaptors in case of incompatibilities are detected at this

Firstly, the (semi-)automatic derivation of

[13]

level. Secondly, the description of some behavioral and [15]

QoS information in the models, in order to deal with these

kinds of aspects.
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Abstract resentation languages, such as RI[FResource Description
Framework) and OW%(Ontology Web Language). These
The existence of web pages that are described semantisystems’ require documents in HTML format and specific
cally via ontologies and metadata conforming to these on- domain ontologies in order to produce annotation in a man-
tologies is crucial to bring the Semantic Web to life. In this ual or (semi-)automatic way. However, the building of these
paper we address the problem of developing semantic web-ontologies is a difficult task that requires extensive knowl-
based hypermedia applications through web-hypermediaedge (both a knowledge on engineering and a domain ex-
design methods. For that, we propose a general approachpert) and, in most cases, the result could be incomplete or
based on extracting an ontology-based design from a tra- inaccurate. Moreover, the annotation of documents is usu-
ditional model-driven design , thus allowing hypermedia ally made over existing static pages as an additional task
designers to obtain both domain ontologies and annotatedthat takes a long time and human effort, and this process
documents in parallel with the application design without may be incomplete or incorrect if the creator is not skilled
requiring extra tasks and expert know-how. This approach enough. Therefore, the success of the semantic web de-
is presented through a specific hypermedia design methodpends on the easy creation both of domain ontologies and
called Ariadne Development Method (ADM) and its soft- ontology-based metadata by semantic annotation.
ware tool, AriadneTool, that automates a semantic extrac-  Although this kind of system is still necessary to convert
tion process to provide annotated documents in a format existing web applications to semantic web applications, an-
suitable for the semantic web, as RDFS and RDF. Moreover, notation would be best performed while designing the web
a semantic web platform has been developed in order toapplication, not after it is implemented. In this way, we can
enable the publication of the resulting semantic web-basedtake advantage of implicit and explicit semantic assump-
hypermedia application. tions made during the conceptual modeling of web-based
hypermedia applications to directly generate semantic web
applications without any additional tasks and expert know-

1. Introduction how. _ _ _
Combining the use of design methods with ontologies

The Web has turned into a medium for sharing knowl- according to the Semantic Web provides us with benefits

edge among people, therefore the major emphasis has beefPMing from both of these approaches:
placed on how to present it for human readers. However,
the increasing amount of information is leading to an infor-
mation overload. In order to deal with this continuous Web e Offers new uses for existing data.
growth, programs must be able to share and process web re-
sources. This is the aim of the Semantic Web [1]: to attain a
web of data that can be both human-readable and machine- o |ncreases the flexibility of systems that will adapt as
processable, thus enabling intelligent access to information. requirements evolve.

Representing multimedia content (e.g. voice, video, im-
age, and data) with semantics provided by relevant ontol- e Reduces the cost and risk of the application design.
ogy (or ontologies) has been identified as a key challenge™ o, Ls oo TR 999/REC-rdf-syntax-19990222/
for the semantic web. Annotation systems produce Se-  2np:/mww.w3.0rg/2004/0WL/
mantically tagged pages using web-based knowledge rep- Shttp://annotation.semanticweb.org/tools/

e Makes possible to re-use information designs.

¢ Allows information sharing between applications.
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e Makes searching content easier using semantic queries In this approach, the idea is to map the concepts and re-
on web application with a great amount of information. lations of models used in hypermedia design methods to an
ontology language. While the former contribute with their
Consequently, we propose the coupling of ontologies into graphical support, the latter adds semantic support. All hy-
the development process of hypermedia and web applicapermedia design methods such as WebML [2] or RMM [7]
tions into the conceptual modeling of the existing web de- ze pased on formal models to capture the essence of hyper-
sign method [12]. This combination allows us to provide media applications. Most formal models can be expressed
web pages with semantic contents (the annotation processy, terms of ontologies languages; in our case ADM is based
as well as contextual information about the domain knowl- 5 the Labyrinth model [4] to explicitly describe the ele-
edge involved (the ontology domain) upon which the ap- ments which define the structure and behavior of the appli-
plication is being designed. Here we present this approach:ation and it can be expressed by means of an ontology web
applied to a specific hypermedia design method called Ari- language such as DAML+OIL [11] or OWL as described
adne Development Method (ADM) [3]. We have developed i, [12].
a software framework integrated by a process which trans-  From this coupling, hypermedia design methods and
forms hypermedia application modeling into a global, syn- the semantic web can mutually benefit. On the one hand,
tactically and semantically interoperable knowledge basemethods can integrate web standards for expressing meta-
in RDF(S) format using a software support tool for ADM,  gata about web resources and include formal semantics for
called AriadneTool [13], and a semantic web platform de- checking completeness, consistency and correctness of the
voted to its visualization. Itis important to remark that Ari- design with the respect to the method semantics, thus im-
adneTool is not intended to be an ontology editor, but it pro- nroving the user’s understanding of its use, as in [13]. On
vides a way to semantically annotate application contents. the other hand, the semantic web can take advantage of the
The paper is structured as follows. Section 2 describesexperience gained from years of research in the hyperme-
briefly how hypermedia design methods can integrate se-gig engineering field through its design methods devoted
mantic content in a natural way. Section 3 describes the Ari- g gbtain well-organized application in aspects of informa-
adne Development Method phases and AriadneTool. Sectjon, navigation, presentation, interaction, personalization
tion 4 presents the framework where we will integrate znd even access control.
the semantic annotation functionality and explains how an | the next section, we present a specific hypermedia de-
application domain ontology and a presentation ontology sjgn method, the Ariadne Development Method and its im-
together with metadata conforming these ontologies arepjementation, in order to introduce how the underlying se-
extracted from the different products of Ariadne Design mantics of a hypermedia application can be extracted during
Method ready for publication on a particular semantic web jts design process to produce metadata about information

platform.  Finally, sections from 5 to 7 presents related and its presentation applying the approach presented here.
works, some conclusions including future work and ac-

knowledgements. 3. The Ariadne Development Method and the

. , _ AriadneTool toolkit
2. How to add semantics to Hypermedia Design

Methods
Abstract description of
CONCEPTUAL DESIGN  |structure, entities and functions
In order to allow hypermedia design methods to include /
metadata about web resources that are specified dunpg thw e (R VALICATION/VIFICATION
development process, we propose to integrate ontologies ir assessment RULES

the conceptual modeling phase. A model is an explicit spec-
ification of a set of concepts and relationships between them

that defines a description language for a specific domain
of interest. Just like models, an ontology includes defini-
tions of basic concepts in the domain and the relationships Figure 1. The ADM process

among them but with a different starting point, as stated

in [6]. While the former usually has as foundation to geta  In a nutshell, the Ariadne Development Method estab-
successful use in an application development, in the latterlishes a systematic process composed of three phases as il-
an epistemological level underlies to express the intendedlustrated in Figure 1. Th€onceptual Desigis focused on
meaning about what is being conceptualized. So ontologiesidentifying abstract types of components, relationships and
are the tool that may yield a more concise semantic to de-functions; theDetailed Desigris concerned with specifying
sign models. the system features, processes and behaviors in a detailed

Detailed spedfication of
DETAILED DESIGHN structure, entities and furctions
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way in which the application might be generated; and, fi- ule within the tool and uses Jeéhtor creating, modifying
nally, the Evaluationis concerned with the use of proto- and inferring knowledge about the modeling, and expresses
types and specifications to assess the system usability. Furit in RDFS and RDF format. Th&emantic Repository
thermore, each one of them proposes a number of desigrivlanager and theViewer Module are external applications
products to specify and produce hypermedia and web appli-that are needed to store and manage semantic information
cations. The arrows shown in Figure 1 mean that the methodin order to be presented later to the user. The Semantic
does not impose any kind of sequence among phases, letRepository Manager uses the Sesamspository for man-
ting developers decide the best way to face their work ac-aging the semantics from the application. It uses RBQL
cording to their needs. Moreover, the method provides aas query language and MySQL to store the metadata gen-
number ofValidation and Integrity Rulesboth at the in-  erated by the Semantic Generator. The Viewer Module is
tra and inter phase level to check completeness, consistencimplemented with JSP
and integrity among the various design products. Ariadne-  As shown in Figure 2 the semantics extracted are stored
Tool [13] is an environment designed to develop hyperme- on the semantic repository according to two different points
dia applications based on ADM supporting fast-prototyping of view: the data viewand thepresentation view The
in HTML, XML, SMIL and RDF, as well as automatic gen- following subsections briefly describe how AriadneTool
eration of documentation about the design process. extracts semantics from the different products of ADM
We will next explain how AriadneTool extracts knowl- through a simple example about a research group website,
edge about the application domain and expresses it inwhich provides information about its members, research ar-
RDF/S format, suitable for the semantic web. eas and publications. Moreover, some pieces from the an-
notation produced in RDF and RDFS format are included.

4. Automatic extraction of semantic informa-

. : 4.1 The data view
tion from the design process

AriadneTool extracts the ontology and its instances about
Before explaining the extraction process, we will de- the data of the research group website example from the
scribe the architecture of our approach which is depicted Conceptual Design and the Detailed Design, respectively.
in Figure 2. It is made up three component modules. The———
Semantic Generatorrecollects semantics and presentation Sﬂgpjﬂjena'sourceforge'”Et
p:/lopenrdf.org

characteristics associated to a hypermedia application de-  spip:/www.w3.org/Submission/2004/SUBM-RDQL-20040109/
signed with AriadneTool. It is implemented as a Java mod-  7java.sun.com/products/jsp
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This process generates an RDFS file containing the appli- %meﬁ

cation domain ontology (domain.rdfs) and a file containing  <rdfs:domain rdf:resource="#ResearchGroup"i>

the ontology domain instance (dataDomain.rdf). oo rdnd b Publications
icati ' i i-directional links: [ write ResearchG
The Apphcatlon Domain Ontology is extrqcted from D eotion T D Warkes™> Vrites esearchGroup
the following products of the Conceptual Design: <rdfs:domain rdf:resource="
#iResearchArea"’>
<rdfs:range rdf:resource=
— The Structural Diagram allows us to express con- ‘#Bubject b < Member
. . i . . </rdf:Description> 1] Broiaas
cepts and relationships that appear in the application <rdf:Description rdfiD="isWorkes">
domain by means of composite nodes which are con-  Tjgiiieni e
nected to their simple or composite components by SO ARG W i ke Subjectw
. . . "#ResearchAre
means of two abstraction mechanisnaggregation <irdf-Description> - ResearchArea | g'm
Works

which refers to a set of nodes as a whole gaderal-
ization, which represents an inclusion relation involv-
ing inheritance mechanisms.

Figure 4. Navigation Diagram from Ariadne-

Generalization: ResearchGroup
<rdfs:Class rdf:|D="Publications"> Tool
<rdfs;subClassOf rdfresource="#Subject'/>
<irdfs:Class>
Agregation , . . .
<rdfs:Class rdf|D="ResearchGroup"/> Subject Right side of Figure 4 shows a screenshot of the draw-
<rdf:Description rdf:|D="hasAggregationResearchGroup"> : : : i
i rondln TP o ER= B leRsarEHCR O b s ing of the Navegation Diagram captured from_Arlgd
<rdfs:range rdf:resource= '[ neTool. The left side contains part of the Application
P Siserisceml st e - R Domain Ontology that is extracted automatically from
ResearchArea| _ Publications MemT;_r!l_l the design. On this ontology uni-directional links are
represented with a property whose domain is the node
source and the range is the target node. Bi-directional
links are represented through two properties, alternat-
Figure 3. Structural Diagram from Ariadne- ing source and range.
Tool

— The Internal Diagram stores information about the
spatial as well as temporal dimension of each of the

On the proposed example we want to represent a re-  information elements identified in the structural and
search group composed of members, research areas  navigation diagrams.

and publications. To represent it on AriadneTool, the
designer draws the general structure composed of a[GroupDescription Loc 1
node Subject that is an aggregation of the node Re-'

searchGroup and the nodes Member, Research anc|Petotect fiamaiLocd
Publication that are a generalization of the node sub-
ject. This representation is shown on the right side B‘ifff?;i:;‘fplm . df_|D="NmJe,)
of Figure 3. On the left side, Part of the Application <rdfs:domain rdf:resource="tMember"i>
Domain Ontology that is extracted automatically from <rdfs:range rdf.resource= L
the design is shown. On this ontologgneralization = 4,:,‘%;%?‘;:3‘”@”m""sc"mmm“g N
is represented with the property: subClassOf agd Aidross oot ‘
gregationwith a new property with a range which is a
sequence.

— The Navigation Diagram specifies the navigation Figure 5. Spatial Diagram from AriadneTool

paths and tools that the website is going to offer to the
users. Navigation paths are settled among nodes using  The left side of figure 5 shows the Member node visu-

tagged links which can be uni or bi-directional. In the alization area with its contents represented with white
Membernode example we browse both tReblica- boxed, located and aligned. From an ontological point
tions and theResearchAreaode. SinceSubjectis a of view, contents are like ontology properties, they are
generalization composite, all its components (such as defined in an independent way and are then tied to
Member Publication and so on) will inherit the link different nodes, and thus, they can have different do-

information. mains. For example, the properties of a group Member
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include its photo, name biography and address. On the the research group example. This is a high level de-
ontology fragment presented on the right side of Figure scription extracted from the different products of the
5 each node content is presented as a property whose  Conceptual Design such as tbiser Diagramand the
domain is the node where it is included and the range Access Tabl¢Figure 8) in which the designer can de-

is a reference to the information that will be included fine presentation rules. Using this information we can
in the node. decide which user accesses each node (content). Tak-
ing as example the knowledge presented in Figure 7(a)
The ontology domain instancewill be extracted in the we can think about the following question: what user
next stage, th®etailed Desigrwhere the entities specified or users has priviledge to reach the photo content of the
in the Conceptual Desigrare transformed into more con- Member node? or what content belongs to each node.
crete system elements. It is extracted from the following This information is extracted from the sematic repos-
products: itory containing ontologies and data, using RDQL as

guery language as mentioned on section 4.
<j0:Member rif:iD="1d73324">

<j 1:NameType rdf datatype="http.//www.w3.org/2001/ XML Schema#string">Tex Personal
</l :NameType> ]
[...]

<j 1:NameX rdf datatype="http./www.w3.org'2001/XMLSchema#integer>237
</ 1:NameX>

</j0:Member>

Efements: ®) Hodes () Conterts

Figure 6. Domain ontology metadata

Il user Name user Category
312508 Personal
515266 Profesor
82428 #vestigador
H1544 DE|

472602 aadtante
408003 THalsr

— The Diagram of Nodes Instancesvhere the nodes de-
fined in the structural diagram are created by means 2 o e
a number of Node Instances. Thus, the Member nouc e
is replicated as many times as needed to represent all
group members. Figure 8. User Diagram and Access Table of
AriadneTool

— The Detailed Internal Diagramswhere all nodes and
contents are fully specified and annotated with their

values. — Presentation detailsis a low level description of the

layout, size and content type. First we generate an on-

Figure 6 is a part of the RDF/XML encoding for the tology about the presentation and then we extract the
research group where the instances of Member node ap-  4ata from the Internal Diagram of the Conceptual De-

pear with its values attached tlo the.ResearchGroup resource.  gign (Figure 7(b)).
From these metadata described in RDF and the structure

of the application domain ontology described in RDFS and

generated as explained on previous section, we can develop- Rélated works

a semantic web application.

Currently, other model-driven approaches such SHDM
4.2 The presentation view [10], WSDM [14], OOWS [5] or UWE [9], follow the same
strategy as ADM with some differences. As mentioned
The application domain ontology and its instances en- ON previous sections, these approaches use Semantic Web-
able us to define concepts, relations and system data inforbased languages (e.g. OWL, RDFS, RDF) to specify those
mation to be processed by software tools. However we need€lévant conceptual constructs that characterize the meaning
to store information on presentation in order to show the se-Of the corresponding Web Application. This specification
mantic content on a conventional browser. This information Makes possible the connection of the application to any ex-

is extracted from two detail levels: ternal potential agent. This way, models can be represented
by Semantic Web languages. ADM is different from other
— Hypermedia information relative to the model an- methods in the sense of implementation of security mecha-

notate hypermedia content according to the Labyrinth nisms defining users access policies. It also integrates infor-
model. On Figure 7(a) we can see a fragment from the mation relative to the navigation into the presentation high
Labyrinth model ontology and the data extracted from level ontology. On this ontology, ADM stores the naviga-
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Fragment of labyrinth.owl Fragment of datalL abyrinth.rdf

<owl Class rdf ID="Simple"» <j.0:Simple rdf |ID="Member"
<rdfs: subClassOf= j.0hashccess="Personal”
<owl Class rdf ID="Node"/> j.0hasContent="Photo"=
<frdfs subClassOf= <0 hasAccess=Profesor</j 0 hasAccess>
<rdfs: subClassOf= <0 hasAccess=DEl=) 0 hasAccesss
<owl: Class rdfabout="#ContainerLaby"/> <] 0 hasAccess=Ayudante=/j 0 hasAccess=
<frdfs:subClassOf= <0 hasAccess=Titular</) 0 hasAccess=
<fowl Class = <) 0 hasContent=Name</].0:hasContent=
<ol Class rdf ID="Composite'» <] 0-hasContent=Biography=/ 0:hasContent=
=rdfs: subClassOf rdfresource="#MNode"/> <) 0 hasContent=Address<{].0: hasContent=
=rdfs: subClassOf <fj 0:Simple=
rdf resource="#ContainerLaby"/> <].0:Compaosite rdf ID="5ubjact"
<fowl Class = j.0-hasAccess="Personal”
<ol ObjectProperty rdf ID="hasContent"> .0 hasModeGeneralization="ResearchArea”
=rdfs:range rdf resource="#ContainerLaby"/= j.0-hasContent="SubjectElement”
<rdfs:domain rdf resource="#Location"/= j.0:hasLink="Browses"=
<fowl:ObjectProperty= <0 hasAccess=Profesor=/] 0 hasAccess=
<ol ObjectProperty rdf ID="hasAccess"> <0 hasAccess=DEl=/{ 0 hasAccess>
<rdfs:range rdf resource="#ser"/> <] 0 hasAccess=Ayudante=/j 0 hashAccess=
<rdfs:domain rdf resource="&#ContainerLaby"/= <0 hasAccess=Titular=/).0-hasAccess=
<fowil ObjectProperty= <0 hasMNodeGeneralization=Fublications
<ol Class rdf about="#ser"> <fj 0-hasMNodeGeneralization=
<rdfs: subClassOf <].0:hasModeGeneralization=Member
rdf: resource="#HMElement"/= <fj.0-hasModeGenearalization=
<fowil Class= < Composite=

(a) The Labyrinth model ontology and data

Fragment of presentation.rdfs Fragment of dataPresentation.rdf

<rdf:Description rdf ID="NameType"= <j.0:Member rdf |ID="{d73324">
<rdfs.domain <. 1:NameType rdf datatype=
rdf: resource="dominic rdfs#tMember'/> "http: s w3 orgf2001 ML Schematistring =
<rdfs:range rdf-resource= Text
"http:fenene w3 orgf2001XMLSchematistring = <f|.1.NameType=
<frdf.Description= [..]
[..] <j.1:NameX rdf datatype=
<rdf:Description rdf ID="NameX"= "http: s w3 orgf2001MLSchemadtintegers
<rdfs:domain rdf resource= 237
"dominio rdfstMember"/= <f|.1.NameX=
<rdfs:range rdf-resource= <f|.0: Member=
"http: Menene w3 orgf20015MLSchematintf =
<frdf.Description=

(b) Presentation ontology and data

Figure 7.

tional features of web applications and provides information semantic content generation using the Ariadne Method. We
about how data can be accessed by others. apply this approach on AriadneTool.

. Web designers will now provide the annotation during
6. Conclusions the Conceptual Design. Compared to currently existing an-
notation methods, this approach extracts the semantic con-
This paper has argued how hypermedia design methodgent implicitly so the designer does not realize the process;
can provide semantic contents as well as contextual infor-no additional expert knowledge is necessary for the data an-
mation about the application domain which are modeling notation and the ontology and data generated. Finally, this
in order to face up the Semantic Web. Mapping models to process enables us to improve the consistency during the
an ontology language provides us some benefits such as thapplication design process and to speed it up by making use
decrease of the cost and risk of the application design andof the metadata already provided. Also we can browse se-
information sharing between applications. We incorporate mantic content on a conventional browser using the visu-
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alization module that complements AriadneTool. Finally
this approach establishes a technological framework where
the application data and functionality can be presented and
shared between different web applications.

To conclude, we are extending the architecture presented
here for sharing and reusing semantic content generated in

the design process of other applications.

In addition we

are extending the functionality of AriadneTool for import-
ing ontologies already defined as does HERA [16] and On-

toWebber [8]. This will allow to validate designs or begin [10]

the design from domains previously defined adopting those
concepts that are of utility.
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Abstract modelling, reuse of navigation structure specificatiotefof
referred to as "Web Patterns” or "Web Design Patterns”) is a
Reuse is a fundamental concept in software design. Itvery useful technique, but its full exploitation is still apen
has many aspects and can be applied at various levels ofproblem. A good overview of common web patterns is pre-
abstraction. In this paper we focus on the reuse of high- sented in [11]. The descriptions of patterns presenteether
level (design model) specifications of software componentsserve as a set of handy guidelines for web designers. Exist-
in the design of web applications. Concretely, we discussing software libraries offer a wide variety of useful gewgeri
the reuse of navigation templates to specify (parts of) nav-primitives that can be (re)used during the construction of
igation models in different application domains based on web applications, but they rarely contain larger navigatio
different data sources. While supporting this diversity of patterns. Since navigation models are usually tightly cou-
applications, at the same time navigation templates shouldpled with concrete domains, specified by Conceptual Mod-
allow easy deployment. In this paper we propose a solution€ls (CM), the achievement of the domain portability is not
to this apparent contradiction using a component-specific @ trivial task.
conceptual model. By applying a mapping from this model  Current methods for web design already benefit from
to a concrete domain model, an automatic deployment ofthe reuse concept in various ways. WebML [3] specifies
the navigation templates can be performed. The process othe navigation structure by means of different (predefined)
navigation template design and deployment (including the types of units. The method allows easy and convincing
process of defining the mapping) is explained and demon-composition of different units. Most of the units how-
strated on two examples using the Hera framework and its ever are associated with concrete data (specified in a data

HPG software. model), so using such composed patterns for different do-
mains is not trivial. Object-oriented approaches like OO-
1 Introduction and Related Work H [5], UWE [7], or OOWS [10] show a solid approach

supporting object-oriented reuse techniques like class ab

One of the major concepts in software design is the reusestraction. The problem of domain portability of navigation
of software artifacts applied at different levels of abstien ~ Models in object-oriented environments using the OOHDM
- from reuse of system requirements to reuse of softwaremethod is discussed in [13]. The web design framework
code, and at different levels of granularity - from reuse of introduced there represents abstract navigation modas th
software packages or whole applications through use of de-2€ isolated from concrete domains and can be instantiated
sign patterns [4] to reuse of classes (concepts) organized i {0 @ concrete domain. The deployment process consists
hierarchies. of the derivation of a concrete OOHDM model from an

The benefits of reuse are obvious, and include saving@OHDM-frame (a generic conceptual model). Itis possible
software development effort (avoiding redundant design), 0 build common navigation patterns, however the naviga-
facilitating the maintenance of software systems, and mak-tion classes are Qer|ved from conceptual classes desgribin
ing the design traceable and transparent. a concrete domain.

Due to the specific nature of the Web, extensions of tra-  In this paper we propose a practical approach for the de-
ditional software design methods have been proposed forsign and deployment of domain portable reusable naviga-
the development of web applications. The support of nav- tion patterns called Navigation Templates (NT). We focus
igation and the necessity of navigation modelling is what on the explanation of the mapping from a Template Con-
distinguishes web systems and web design methods fronceptual Model (TCM) describing the structure of data used
traditional systems and design methods. In the navigationwithin an NT, to a concrete domain conceptual model (CM).
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For an NT, such mapping is defined for every concrete do- concept relationships) that are used in the de-
main, and it is a kind of NT parametrization. It allows not scription of the NT’s navigation structure (TAM).
only a relatively easy deployment of an NT to a concrete Note that the content domain described by a
domain, but it also facilitates the specification of possibl TCM is not necessarily materialized, but the
data manipulations in an NT. A mapping is similar to a data TCM is used in the parametrization when the NT
(schema) integration model, and we can benefit from ex- is deployed.

isting knowledge in this field of research. The process of _ The Template Application Model (TAM) de-
deployment of such an NT to a concrete domain can be au- scribes the navigation structure of the NT and its

tomatgd by using an NT spepificatign and an appropriate application logic. It is based on the data defined

mapping to a concrete domain. This deployment process ina TCM.

is demonstrated on two examples using the Hera frame-

work [6, 16]. Despite the use of a concrete method for rea- e An NT parametrization that defines the mapping

sons of illustration the proposed approach of mapping NTs from the TCM to a concrete domain. This mapping

to concrete domains can be used for other methods. allows a (semi-)automatic translation of the NT into
Section 2 explains the requirements for NTs and the con- (parts of) a concrete navigation model.

text of their usage. The core of the paper is Section 3 that i i i

explains the approach in detail using two examples in Hera With a certain level of abstraction we can see an anal-

and HPG (Hera Presentation Generator web server soft°9Y between NTs and MDA [9] models. A main concern of

ware). Potential mapping (data integration) problems and MDA is the support for the design and integration of sys-

solutions are also discussed here. The current work on thd€ms based on different platforms. In the same spirit, NTs

creation of software tools supporting the design and deploy represent domain independent models, so if we replace the

ment of NTs for Hera is briefly explained in Section 4 and netion of platform with the notion of domain, a PIM (Plat-
the text is concluded by Section 5. form Independent Model) of MDA can be compared to a

domain independent NT specification, and PSM (Platform
L . Specific Models) to concrete deployed NTs. Analogically,
2 Navigation Templates Overview domain independent NTs can be (semi)automatically de-
ployed for different domains and frameworks using differ-
A Navigation Template (NT) is a parameterized concep- ent transformation (deployment) tools.
tual specification of a navigation structure. This specifica
tion has well-defined interfaces in terms of links and types 2.1 Benefits of NT Reuse and Methodological Is-
of information they can carry. The NT parametrization al- sues
lows its deployment within existing navigation models of
similar applications based on different data domains. An  The main benefit of building NTs and their later deploy-
example of a primitive NT is a user-selection device (a vir- ment lies in saving development effort for parts of web ap-
tual shopping basket) that is used in a web application for anplications that can be used again and again for different do-
online sport equipment shop as a classical shopping basketmnains. An interesting application of NTs is the composition
and in a university online library it can be used for instance of new web applications from an available NT on already
as a tool facilitating the searching of publications by ahoo  existing domains (for instance on legacy databases). Fig-
ing topics of interest. ure 1 sketches how NTs can be deployed within a naviga-
Besides the navigation structure, NTs define also sometion model. The thick arrows represent hyperlinks (possi-
basic application logic (functionality), in most casestet bly) carrying parameters (the depicted internal structidre
to dynamic updates of the navigation structure and under-the NT does not reflect any real structure and is sketched
lying data, both based on the user interaction. Although only for illustration purposes). The thin arrows show the
NTs represent conceptual reusable units, we demonstrateleployment process with the transformation of an NT spec-
how they can be converted to a specification that is directly ification to a concrete (part of) navigation model based on
used by a web server software to provide desired function-a CM. This transformation is automatic, but uses a manu-

ality on the Web. ally built TCM-to-CM mapping. The situation in Figure 1
For the generation of a deployed NT we need two kinds requires two mappings, since the same shopping basket NT
of specification: is used for different data concepts (though within the same
(larger) domain). The real benefit of NT as a conceptual
e AnNT specificationthat contains two sub-models: unit of reuse depends on several aspects induding:
— The Template Conceptual Model (TCM) de- e generality of NT design, in the sense of how easily

scribes the structure of data concepts (and their they can be used for different applications. This is in-
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and then subsequently enriched with appropriate data

(e ) Navigation Tomplates model and data manipulation specifications (in other

~ words, first the process, then the navigation). From the

wapngt. | | waowraz | data model an NT specification can be derived. This

. T interesting, process-driven approach is part of ongoing
e i work and will be described in a separate paper.

\ t-#|  Transformer [€ Deployment Process /
I

Y The details of the NT specification and deployment tech-
el nigues may depend on the concretely used approach. In the

(

Out

(selection of_Products1) following text we explain the principles of NT specifica-

tion and deployment using two examples. The first example
demonstrates a multiple use of a simple NT (in this case a
guided tour) in a single application, and the second high-
P ——— lights potential problems associated with mapping a TCM

In Instance (Shopping Basket2) Out

(@ll Products2) (selecion of to a concrete domain and their resolution.

Products2 )
Page3 >

In

(all Prodpctsl ),
—>{ Page 1

Page 2

3 Navigation Templates in Hera

Figure 1. NT deployment example For a better explanation of the NT concept, we demon-
strate its basic principles using the Hera framework and two
examples. In the Hera design cycle, an NT can be generated
from a more abstract process model, or it can be designed
manually. The role of NTs in the method and its models is
depicted in Figure 2. It has already been mentioned, that
an NT contains a TCM describing the structure of the infor-
e complexity of NT deployment, including: mation that will be presented and processed, and it contains
an appropriate TAM specifying the navigation view on the
TCM. The Articulations (see [16]) represent the NT para-
metrization - the mapping from the TCM to a concrete CM,
i.e. the "binding” of the TCM to the concrete domain. The
NT specification together with th&rticulationsare used by
theNT2AM Transformeto generate a concrete (part of an)
— automation of the transformation of the NT and - oM describing the navigation structure and functionality o
appropriate mapping to a concrete models and/or 5 concrete web application. The AM can then directly be
executable specification eventually. This is given ysed by a Hera engine such as HPG-Java for the online gen-

by aVa||ab|I|ty of appropriate software transla- eration of pages in the web application.
tors.

In the context of the NT design process, we consider two 3.1 Brief Overview of Hera
possible types of the design cycle:

fluenced by a good selection of "typical” web appli-
cation patterns NTs represent, and also by minimizing
the structure of NTs (smaller and simpler units are eas-
ier to deploy and specialize).

— complexity of its parametrization. That can be in-
fluenced by proposing simple TCMs with a min-
imal number of mappings to a concrete domain.
The mapping specification can be facilitated by
design tools.

Within the Hera project we investigate methods for the
TCMs) is defined and then the TAM is built on top of specification of (dynamic) hypermedia presentations and
we build and maintain appropriate server software and de-

it (in other words, first the data, then the navigation). sign tools. The methodology determines a number of design
This approach can be used when a simple and straight- 9 ' gy 9

forward NT parametrization (mapping to a concrete steps rgsulting ina .SGt of models (that specify how the hy-
domain) is vital. For instance, when we want to use p_ermedla presenta_nons get generated). The conc_eptual de-
concrete, complex legacy databases, TCMs are better J" phase results in a Concept_ual Model ((.:M) defining the_
starting points. A concrete web application based on strgcture qf source data usgd n presgnta_tlons. The appli-
such a legacy database then can be easily composeéat'.o.n design phase results in an Application MerI (AM)
from already built NTs, because the structures of the efining a navigation structure over the CM, possibly with

concrete TCM are in accordance with the CM at hand. data ”.‘a”'p“"."‘“on associated with user actlgns. The pre-
sentation design phase produces a Presentation Model (PM)

e Process-driven design where on the basis of user specifying the layout of presentations. All Hera models are
requirements, a process model is defined for an NT expressed in RDFS [2].

e Data-driven design where first the TCM (or a set of
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These models are used by a Hera engine, in this case Model Transformations (design-time)

HPG-Java (a software module running as a servlet hosted P e, : Navigation Template

by a web server), first performing data retrieval, and then PR (MRS . pueon
performing data transformations resulting in presentatio N - A —l_)
pages, possibly for different platforms and different for- ‘ ‘

mats (HPG supports HTML, WML, and SMIL for presen- Tanstomer

tations without data manipulation, and HTML for presen-

tations allowing forms and data manipulation). The bottom nVaﬂvr.rgﬁmznryr‘rervyﬁnw-
part of Figure 2 shows the transformations of the Hera/HPG :
pipeline, where retrieved data is transformed conseduytive il

to a CM instance (CMI), an AM instance (AMI), and a pre-
sentation in a concrete format (e.g. HTML). All intermedi-

Concrete
CM

Concrete Concrete
AM PM

ate data chunks are internally represented in RDF [8].
The application modelling method is capable of express- e R o e |_
ing more advanced functionality than only a navigation Hera Pipeline (run-time)
view over static data content. It supports modelling of
user inputs by means of forms allowing users to enter ar- Figure 2. Role of NTs in Hera architecture

bitrary information possibly exploited by data manipula-
tion queries. All queries in Hera AM are expressed in the
SeRQL [1] RDFS query language with slight modifications ~ Figure 3 presents the TCM and TAM of the guided tour
(queries are pre-processed by the Hera engine) including th NT. It uses a special predefined sub-class of general slice
management of session parameters (variables). (iterator) that allows easy implementation of a guided.tour
An AM contains basic building blocks called slices that A slice of typelterator comes with a defaulteratorForm
describe the structure of navigation pages (or their partsproviding a navigation facility through a collection of the
since they can be nested), and their linking (see Figure 3).lteminstances and allowing to exit the iteration using the
Slices can have root concepts (from the CM) drawn as largeOutbutton. In the case of exit the instance of the last viewed
ovals in the slice upper part. If a slice does not have the rootltemis provided as the output parameter. The concrete data
concept, it is a constant slice and it can have arbitrary con-source containing information about painters and paisting
tent. If the target of a link is a non-constant slice, the link is specified by its CM shown in Figure 4.
carries parametrization that determines the instantiaifo Figure 5 shows an AM of a simple museum application
the target slices (the anchor determines what instanceof th using two instances of the Guided Tour NT. They contain
target slice root concept is used for the target slice instan attributes based on a mapping from the TCM to the CM and
tiation). The instantiation of slices can be determined als also attributes not appearing in the original NT, but added
by queries associated with slices. A slice can contain at-by the designer. The application presents a set of paint-
tributes (literal properties in the CM) from a root concept ing techniques (th@echniquesListlice), for every tech-
and attributes from concepts related to the root conceet (th nique a list of paintings exemplifying the technique (the
bottom part of the slice shape) connected with the root con- Technique.PaintingLisslice), and the two guided tours for
cept by CM properties. User interaction is facilitated by th  browsing through the painters and paintin@D(-Painters
use of forms that carry a number of input fields users can andGD-Painting3.
fill in. Forms have associated processing queries that can
retrieve data, change the data content, or update values 08 3 Publications Example
session variables.

] In the second example we demonstrate possible prob-
3.2 Guided Tour Example lems with mapping a TCM to a concrete CM. To a large
extent, this is a problem of data integration. We show some
In the first example we demonstrate the multiple use of typical cases appearing in RDFS schema integration and
avery simple NT. The NT represents a guided tour - a step-present some practical solutions covering the needs of our
by-step (one per web page) presentation of multiple conceptmethod (including the rewriting of selection and data ma-
instances. This concrete NT we deploy twice in a simple nipulation queries). Most of the problems have been recog-
museum application. Once for the presentation of painters,nized and studied in [12, 14]. The example application
and once for the presentation of paintings. For every con-is a publication database that stores publications, asithor
crete deployment we will show a set of articulations (map- (researchers), and research groups. The Publications NT
ping the TCM to a CM). is specified in Hera and later deployed to an existing data
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source with a different data structure. A set of articulagio
is defined.

3.3.1 Template Conceptual Model

The TCM contains only those concepts, concept properties,
and literal properties that are necessary for describieg th
core navigation structure and functionality (we show only
the addition of a publication) associated with a concrete NT
The TCM of the Publications NT is presented in Figure 6.

3.3.2 Template Application Model

Unlike the first example, here the TAM also con-
tains the specification of input forms and their process-
ing. The Publications TAM shown in Figure 7 con-
sists of three slices presenting research groupsGtioep
slice), listing researchers in groups (tBeoup.Researcher
slice), and listing publications of a researcher (fRe-
searcher.Publicationslice). TheAddPaperslice allows
adding a publication created by a concrete researcher (only
one in our example). For the sake of simplicity the applica-
tion has not been detailed completely. We omit here more
comprehensive data manipulations, like removing publica-
tions, adding a new researcher, and managing groups. The
AddPaperquery is activated when thaddPaperform is
submitted:

CONSTRUCT DISTINCT
{P}rdf:type{tcm:Paper};
tcm:ptitle(Title);
tem:ur{URL};
tcm:published_at{Published};
tcm:author{Author};
tcm:year{Year}
FROM
{form:AddPaper}<form:lptitle>{Title},
{form:AddPaper}<form:lurl>{URL},
{form:AddPaper}<form:lpub>{Published},
{session:session}<session:resID>{Author},
{form:AddPaper}<form:lyear>{Year}

In this query a new instance of a paper is created where its
properties are taken from theddPaperform inputs. The
value assigned to theuthorvariable represent the ID of the
last presented researcher (refreshed bySbtResearcher
query during thédddPaperslice instantiation and temporar-

ily stored in thesession:reslBxession parameter). Tis®et-
Researchequery is very simple:

SELECT
R

FROM
{session:session}<session:sliceid>{R}
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Figure 6. Publications TCM A
: iptitle _
.
. . . . . .. T ToAddPaper URL
The session:sliceids a default session variable containing >

the URI of the root concept instance of the last completely
instantiated slice (that is why it is attached to fddPaper
slice and not tdResearcher.Publicationslice, although it Figure 7. Publications TAM
contains the URI of the currefResearchér The value of

the R variable is in the RDFS TAM specification assigned

to session:resIDThe complete query and session parameter main of publications. There are two categories of mapping.
specification does not appear in the TAM diagram, but it is The first one is concept-to-concept, which facilitates tie d
in the TAM RDFS file: termination of root concepts and data manipulation queries
during transformation of the TAM slices into concrete AM
slices. The second one is attribute-to-attribute, which al
lows the transformation of slice attributes and is used in
query transformations as well. We now define mappings of
“hera/ns/slice#Query"/> type concept.-to-concept .and attribute—to—attribute.. \Ne u

. . path expressions specifying concept-property chainsen th

<slice:queryString>
SELECT R for_m {Conceptl}propertyl{Concept2}.... Inverse prop-

erties are denoted g€ oncept }property=!. If the value
of a TCM property is constructed from the values of sev-
eral properties in the CM (concatenation), we write it as
{Conceptl}propertyl ® {Concept2}property2. The fact
that the value of a TCM property is retrieved from sev-
eral CM properties is captured &§'oncept1 } propertyl U
{Concept2}property2. In this case the mapping is a union
of values of the given path expressions. The mapping of
concepts relies on the uniqueness of the concept names (in
other case we would need to use path expressions as well),
in our example the mappings for the concepts are:

<rdfs:Class rdf:ID="SetResearcher"
slice:execute="Once">
<rdfs:subClassOf rdf.resource=
"http://wwwis.win.tue.nl/

FROM {session:session}
<session:sliceid>{R}
</slice:queryString>
</rdfs:Class>

<rdfs:Class rdf:ID="QueryResult_ID101"
slice:resultName="resID"
slice:useAsSessionVar="Yes">
<rdfs:subClassOf rdf:resource=
"http://wwwis.win.tue.nl/
“hera/ns/slice#QueryResult"/>

</rdfs:Class> e for tcm:Groupno mapping is defined

3.3.3 Mapping NTs to Concrete Domains * tem:Researcheis mapped t@m:Person

A necessary condition for the automated transformation of e tcm:Paperis mapped t@m:Paper

an NT to an AM for a concrete CM is the existence of

a mapping from the abstract TCM to a concrete domain For the mapping of attributes we define articulations con-
model. We demonstrate the specification of such a map-taining pairs of path expressions for the TCM and the CM.
ping using the Publications example and show possible sit-The mapping is described in Table 1. Further details of the
uations. Figure 8 presents a concrete CM describing a do-mappings are explained in Section 3.4.
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| Attribute in TCM [ Mapping to CM \

{Group}gname no appropriate range concept |in
CM, and thus no mapping. In CM
it will be represented by a constant
string (a name of a working group

{Researcher}name || {Person}fname ®
{Person}surname

{Researcher}email || no appropriate attribute in CM

{Researcher}papers|| {Member}created by~ 1 U
{Contributor }contributed_by~!

{Paper}ptitle {Paper}title

{Paper}published_al| {Paper}published_as
{Proceedings}ctitle u
{Paper}published_as
{Journal}jtitle

{Paper}year {Paper}year

{Paper}url {Paper}link

Table 1. TCM to CM attribute mapping

3.3.4 Deployed Navigation Template

When theArticulations are specified, an appropriate de-
ployed NT can be generated. A deployed NT is an (part of)
AM. In this process slice relationships based on the TCM
are replaced by those based on the CM at hand. Due to
possibly different schema structures of a TCM and a con-
crete CM, in some cases simple slice aggregations based on
a single CM relationship must be replaced by more com-
plex queries. For instance, this is the case when for a path
expression in the TCM with the length (hnumber of proper-
ties in the path expression) one, there exists a correspond-
ing path expression in the CM with length more than one
(the result would be a join query). During the deployment
process thepapersslice aggregation in the original TAM
Researcher.Detailslice is automatically transformed to a
query (we name it herBaperQuery that is a union of the
two queries (for thePersonsubclassedemberand Con-
tributor):

SELECT X
FROM {P}contributed_by{X}

and

SELECT X
FROM {P}created_by{X}

whereP is an instance of th@ersonconcept given by the
Person.Detailslice instance.

The AddPaperquery appearing in the original TAM is
during the deployment process automatically transformed
into two different queries, one for tHeroceedingsubclass
of Publication
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CONSTRUCT DISTINCT we mention the conflicts and their possible solutions. This
{P}rdf:type{cm:Paper}; descriptions are used as guidelines for developing the NT
cm:created_by{M}, deployment softwareNT2AM Transformelin Figure 2).
{Proc}rdf:type{cm:Proceedings}; Most of the possible situations have been discussed and
cm:ctitle{Title}; classified in [14]. Concretely we name:
cm:link{URL}; ) . . )
cm:year{Year); e Data rgprgsentatlon conflict: corresponding I|teral
cm:ptitie{Published}, properties in the TCM and a concrete CM have dif-
{P}cm:published_at{Proc} ferent data types. An example is th&aper}year
FROM - property Stringandintegertypes).

{session:session}<session:res|D>{M},
{form:AddPaper}<form:Iptitle>{Title},
{form:AddPaper}<form:lurl>{URL},
{form:AddPaper}<form:Ipub>{Published},
{form:AddPaper}<form:lyear>{Year}

e Missing literal property conflict: a TCM concept at-
tribute does not have its counterpart in the CM. An ex-
ample would be thdtcm : Researcher}tem : email
attribute.

e Concept-property and property-concept conflicts can
appear when a concept in the TCM is modeled as a

CONSTRUCT DISTINCT (literal) property in the CM and vice versa.
{P}rdf:type{cm:Paper},
cm:created_by{M},

and one for thdournalsubclass oPublication

e A few cases of schema isomorphism conflicts:

{Proc}rdf:type{cm:Journal}; — A TCM concept does not have its counterpart in
cm:title{Title}; the CM. An example would be th&em:Group
cm:link{URL}; concept.

cm:year{Year};
cm:jtitle{Published},
{P}cm:published_at{Proc}

FROM
{session:session}<session:res|D>{M},
{form:AddPaper}<form:Iptitle>{Title},
{form:AddPaper}<form:lurl>{URL},

— A TCM concept literal property has only a
reversed counterpart in the CM. An example
is {tem : Researcher}tem : papers that
can be mapped toem : Member}em
created_by=! (or to {em : Contributor}em :
contributed_by1').

{form:AddPaper}<form:lpub>{Published}, — A TCM literal property is mapped to (composed
{form:AddPaper}<form:lyear>{Year} of) multiple attributes in the CM. An example is
{tem : Researcher}tem : name that is mapped
The queries create differeRublicationtypes (subclasses) into a concatenation ofcm : Person}tem :
with different attributes. The user of the application desi fname and{cm: Person}cm: surname.

what kind ofPublicationhe wants to add. This is facilitated o ) )
by two buttons (one for each subclass and executing the first ® Generahz.atlon conflicts where a TCM concept is
or the second query) that are automatically generated (dur- ~ Mapped into a CM concept with more specializa-

ing the NT deployment process) and placed toAldelPa- tions. An example of this would be thetcm :
per form (see Figure 9). Note the simplification we made Paper}tem : published_at literal property that can
here due to the lack of space. Both queries are applicable ~ P€ mapped tdcm : Paper}em : published-as{cm :
for the Membertype of Researche(can be determined by Proceedings}cm : ctitle and to{cm : Paper}cm :
thecm:createdby property appearing in the CONSTRUCT published_as{cm: Journal}cm: jtitle

clause). In a real example, every form button would execute
two optional queries depending on the type of last visited
ResearchefContributor or Creator).

We do not mention other possible conflicts such as integrity
constraint conflicts that can arise when more sophisticated
constraints are imposed on the concepts and their propertie

3.4 Major Problems in TCM to CM Mappin . :
J Pping 3.4.1 Data Representation Conflicts

We can highlight a few typical situations, where the map- In this case the data types of the corresponding literalprop

ping from the TCM to a CM is not as straightforward as erties are not compatible. A simple type conversion is

for instance the naming conflicts naturally solved by paired made: concretely, the type of a conflicting TCM attribute

path expressions explained in Section 3.3.3. In this sectio is transformed (possibly during the model transformation



Reusable Navigation Templates to Support Navigation Design 97

since we can transform schemas) to the data type of the cor-  instances are created), despite the fact that there is no

responding CM attribute. Applied to our example, the type notion of these specializations in the TCM. One of the

Integer of attribute {tcm : Paper}year_at in the TAM is possible solutions is the automatic generation of a se-

changed t&tringin the resulting AM. lection input field allowing the user to choose the type
of concept to be created (according to existing concept

3.4.2 Missing Literal Property Conflict subclasses). In the example it would be a selection
between thé’roceedingsand Journal concepts when

In the case of such a conflict such a literal property (at- adding a new publication.

tribute) is omitted in the resulting concrete AM. An example
is theemail attribute of theResearcher.Detailsy TAM that

does not appear in the resulting AM (see Figures 7 and 9). 3.4.6 A TCM Concept Property Has Only a Reversed

CM Counterpart

3.4.3 Concept-property and property-concept conflicts This situation occurs when a TCM property does not have a
directly matching counterpart in the CM, but there is a CM
property with inverse semantics. There is no direct ilkstr
tion of this in the example, buttem : Researcher}tem :
papers can be mapped to the union of the inversions of
{em : Paper}cm : created-by and {cm : Paper}em :
contributed_by.

This conflict appears if a concept in the TCM is modeled
as a literal property in the CM or vice versa. An exam-
ple of the property-concept conflict {$cm : Paper}tem :
published_at that is mapped to{cm : Paper}cm
published_as. This conflict is discussed in Section 3.4.5.

3.4.4 ATCM Concept Does not Have a Counterpart in

the CM 3.4.7 A TCM Literal Property is Mapped to a Con-

catenation of Multiple CM Literal Properties
In this case th&lT2AM Transformemust replace the miss-
ing concept with a single (virtual) constant concept, so all
its attributes are constants. For instance, the example pub
lication CM is intended for a single research group, so the
group name will be replaced with a constant string. The re-
placement by a constant is needed due to the fact that som
top-level slices can be based on non-existing concepts. Dur
ing the transformation process these slices are replaced by

constant slices. 4 Implementation

This is a case when an attribute is mapped to a concate-
nation of multiple literal properties. An example is the
concatenation ofcm : Person}em : fname and {cm :
Person}tem : surname for the {tem : Researcher}tem :
name. The solution is to replace one TAM slice attribute in
the TAM by several attributes in the resulting AM.

3.4.5 Generalization Conflict The usefulness of the approach described in this text re-
lies to a large extent on the availability of tools suppaytin
the design and automated deployment of NTs. The most es-
sential tool is theNT2AM Transforme(Figure 2) that trans-

This problem typically occurs when the TCM concept has
specializations with a different property structure. An

example is the mapping of th¢tcm : Paperjtem : forms an NT specification to a concrete Hera AM or a part
published_at attribute that can be mapped infem : of it using the mapping to a concrete domain CM. This tool
Paperem: published as{cm: Procee‘lmgs}cm : ctitle, is a single Java application that reuses some classes from
but also '”to{?m : Paperjem : published as{cm :  he Hera Mediator [16] for the processing of articulations.
Journaljem : jtitle depending on the type of the publi- A gesign support tool for the graphical specification of
cation Proceedingsr Journa). _mappings (articulations) is currently under development,
The solution to this problem needs to cover the following 4,4 uses part of the functionality of the EROS RDFS Ex-
two S|tuat|0ns.(as well as some other problems, but theyp|Orer [15] that provides an interface for building SeRQL
appear to be simpler): queries, and thus also supports the building of path expres-

« Transformation of slices for presentation purposes (i.e. sions, which are the essential part of articulations. It wil
transformation of SELECT queries). In this case the allow rapid and easy specification of needed articulations.
result should be the union of two queries containing The main window of the tool is shown in Figure 10. The NT

both path expressions. graphical design tools are based on existing Hera CM and
AM Builders (for the construction of the TCM and TAM)
e Transformation of data manipulation queries. For the that are also used for the regular (graphical) design of Hera
data consistency reasons the type of the manipulatedapplications (i.e. without using an NT). These tools are be-
concept should be determined (especially when newing updated for specification of the NT interfaces.
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£ ~T™Mapperv. 1.0

File:
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Figure 10. The main window of the mapping
tool

5 Conclusion

In this paper we have shown the principles of building
NT specifications that are portable over domains. These[14]

principles use existing expertise of modelling techniques

and data integration. In the implementation we exploit-soft
ware packages we have already developed, for instance the

Hera Mediator and the EROS RDFS explorer. Although we 1
chose a concrete (Hera) method for demonstrating the ap-

(6]

(7]

(8]

9]

(10]

(11]

(12]

(13]

proach, we believe that the idea of mapping from a TCM 16]

to a concrete CM is rather universal.

The advantage of

our method compared to some other approaches lies in the
possibility of precise specification of the navigation stru

ture and the data manipulation within an NT that is sub-
sequently automatically transformed to appropriate speci

fication matching a concrete domain. Thus, this approach

and its implementation will facilitate the reuse of naviga-

tion

primitives in web engineering.
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