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Abstract. In this paper we present an implementation using XML and Java (X-
SHAAD) based on a modular architecture of SHAAD to support a web-based 
Adaptive Hypermedia System. This architecture considers the hypermedia 
adaptation along three different “adaptivity dimensions”: user characteristics, 
technology (the network and the user’s terminal), and user interaction. At 
present, web content delivery from server to clients is carried out without taking 
into account such heterogeneous and diverse characteristics as user preferences, 
the different capacities of the clients' devices, the different types of access, the 
state of the network and the current load on the server, all of which directly 
affect the behavior of web services. The growing use of multimedia objects in 
the design of web contents further complicates the issue, greatly affecting 
appropriate contents delivery. Thus, the objective of the system we present here 
is a treatment of web pages that takes into account such heterogeneity and 
adapts content with the aim of improving web performance.  

1   Introduction 

At present, the enormous heterogeneity in terms of types and capacities of access 
devices, network bandwidth and the needs or preferences of users is not taken into 
account by a server when providing web content that is rich in images, audio or video. 
The server will deliver the document requested even if the terminal being used 
(WebTV, PDAs or mobile telephones) cannot access this content due to various 
limitations (e.g. display, storage capacity, processing or network access) The page is 
also provided independently of users’ preferences. In addition, the interaction 
between users in different environments (i.e. commercial, educational, etc.) modifies 
the requirements made on a requested web page. 

To tackle this problem, different alternatives have been developed that allow 
universal access to any type of material while taking into account certain aspects of 
this heterogeneity. For example, user preferences [1][2][3]; the capacity of client 
devices [4][5], access types [6][7], the state of the network [8], or/and current load on 
the server [9][10], and/or the interaction of users[11]. 
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We consider that adaptation can be made along three different adaptivity 
dimensions (Fig.1): 

 
− User characteristics: preferences, background knowledge, navigation activity, etc. 
− Technology: network state, client’s device characteristics, bandwidth, etc. 
− User interaction: collaborative, cooperative, etc. 

 
One point in this space represents the adaptation to be made for one user, the state 

of their technology and their interaction with other users. In other words, it represents 
the adaptation as a function of three dimensions. 

adaptation = f(user, technological, interaction) 

 
 

 
Fig. 1. Adaptativity dimensions 

 
Cannataro in [12] and [13] proposes an architecture where the Application Domain 

is modeled along three different orthogonal adaptivity dimensions: User’s behavior 
(browsing activity, preference, etc.), Technology (kind of network, bandwidth, 
Quality of Service, user’s terminal, etc.), and External environment (times-spatial 
location, language, socio-political issues, etc.). The External environment dimension 
differs from the User interaction dimension of the SHAAD model. User interaction 
reflects the existing interaction between users which depends on the working 
environment, i.e. educational hypermedia, on-line information systems, hypermedia 
for information retrieval, etc. it also reflects the collaborative or cooperative aspects 
of this interaction. 

In [14], SHAAD1 is defined as a system that takes into account the problem of 
heterogeneity and tries to adapt the available information dynamically or statically 
and to deliver it in the most efficient way. It incorporates concepts of adaptability, 
adaptivity and dynamism summarized from work carried out by Brusilovsky [1] [15], 
and De Bra [2] [16] [17]. SHAAD represents, through its nested structure, a simple 
model that takes into account these concepts for hypermedia systems and reflects the 
necessary mechanisms for an appropriate content delivery. 

                                                           
1 SHAAD is the Spanish acronym for “Adaptable, Adaptive and Dynamic Hypermedia System” 
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The latest modification of the system takes into account adaptivity dimensions, and 
is made up of 4 modules (Fig. 2): 

− Mechanisms for characterization of adaptation variables. 
− Content repository: data can be provided by different sources. 
− Decision Engine: the kernel of the system and the place in which the adaptation 

variables and the available content are evaluated. This module reflects through 
three decision types the three different “adaptivity dimensions”: user 
characteristics, technology, and user interaction. 

− Content Generator: includes the adaptation mechanisms decided upon by the 
Decision Engine 

The SHAAD modular structure allows an independent development of the parts it 
is made up of. The function of the Content Generator is to deliver the requested 
content, either through a dynamic generation (from the unit elements that make up the 
web page - on-line generation), or by selection from the various different static 
versions of this content (previously generated - off-line generation). This generator 
includes the media object transformation module that will make the necessary 
transformations of media objects.  

In the present work we describe the X-SHAAD, an XML-SHAAD approach 
dedicated to the analysis, regeneration and adaptation of HTML content, which takes 
into account some of the variables of the technological dimension (the characteristics 
of the client's device and the current state of the net). 

In our research, we are also developing two implementations that consider:  

− the User characteristics dimension through MAS-PLANG (MultiAgent System 
PLANG2)[3]. This is a multiagent system developed to transform the virtual 

                                                           
2 This is a Broadband Communications and Distributed System (BCDS) group project of 

Girona University for the “Implementation and study of a new generation telematics platform 
to support open distance learning. 
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Fig. 2. Modular structure of SHAAD 
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educational environment of USD3 into an Adaptive Hypermedia System, AHS, 
which takes into account the student learning style; and  

− the User interaction dimension through an Adaptive Collaborative Learning 
Hypermedia System [11] that relates the individual learning and the collaborative 
learning through an adaptive model.   

This paper is organized as follows: In Section 2, we describe the implementation 
and processes of X-SHAAD. In Section 3, we describe how requested pages are 
readdressed to X-SHAAD. In Section 4 we show some adaptation examples of the 
system. Finally, in Section 5 we give some conclusions and describe future work. 

2   X-SHAAD  

X-SHAAD architecture represents one way to implement SHAAD, and the different 
modules defined by it are shown in Fig. 3. The processes to take into account in the 
X-SHAAD are: 

− HTML to XHTML transformation at the Content Repository module. 
− Obtaining the adaptation profile to be applied at Decision Engine module. 
− Obtaining the Adapted HTML at Content Generator through XSLT parser. 

 

 
Fig. 3. X-SHAAD structure 

                                                           
3 USD is Spanish acronym of “Teaching Support Unit” 
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We used XML [18] and XSL for the implementation of X-SHAAD. XSL 
(eXtensible Stylesheet Language) uses XML notation and is a language for expressing 
stylesheets. An XSL stylesheet specifies the presentation of a class of XML 
documents by describing how an instance of the class is transformed into an XML 
document that uses the formatting vocabulary. 

XSL consists of three parts: XSL Transformations (XSLT) [19], a language for 
transforming XML documents; XML Path Language (XPath), an expression language 
used by XSLT to access or refer to parts of an XML document; and XSL Formatting 
Objects (XSL-FO), an XML vocabulary for specifying formatting semantics.  

2.1   HTML to XHTML Transformation 

Currently different browser technologies exist. Some browsers run internet on 
computers, and some browsers run internet on mobile phones and hand held devices.  
Each of these handle "bad" marked up HTML documents in a different way. For 
example, the following HTML could present a problem for them: 

<html> 
<head> 
<title> Bad HTML code </title> 
<body> 
<h1>Bad HTML 
</body> 

Transforming HTML to XHTML solves problems that arise from mal-formed 
HTML files. XHTML [20] consists of all elements in HTML 4.01 combined with the 
syntax of XML. HTML was designed to display data and XML was designed to 
describe data. XML is a markup language where everything has to be marked up 
correctly, which results in "well-formed" documents 

Some of the most important characteristics of XHTML are as follows: XHTML 
elements must be properly nested, XHTML documents must be well-formed, tag 
names must be in lowercase, all XHTML elements must be closed and attribute 
values must be quoted.  

In X-SHAAD, for one time only, HTML to XHTML transformation is carried out 
beforehand through JTidy [21]. It is an open source code program that allows HTML 
files to be analyzed and to obtain a well formed XHTML. Then, we can apply XSL 
and its tools to make the transformation.  

2.2   Obtaining the Adaptation Profile to Apply 

In order to check the operation of the X-SHAAD, the user specifies values of input 
variables by means of a web interface. The assignment is carried out through a given 
values list. Table 1 shows the variables considered in this implementation and the set 
of possible values for each variable. X-SHAAD’s Decision Engine infers the adequate 
profile for each situation and determines a set of adaptation mechanisms will be 
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applied to the requested web page in the Content Generator. Table 2 shows various 
adaptation mechanisms to be applied to each media object. 

In the current implementation, different static versions of each multimedia object 
exist in the server to simulate the adaptation mechanisms. When a profile is applied, 
the directory that contains the elements to send is determined. Table 3 shows two 
system application examples with the corresponding adaptation mechanisms to be 
applied. 

Table 3. Application examples of X-SHAAD operation 

 
Screen 
Area 

Color Video Sound State of 
Network 

Adaptation Mechanism to be applied 

High Color Yes Yes Semi-busy 
Image: Reduced image to 1/2 
Video: Sequence of 10 images 
Sound: Audio file is sent 

Low Grayscale Yes No Free 
Image: Reduced image to 1/4 
Video: Sequence of 5 images 
Sound: Audio file is not sent 

2.3   Obtaining the Adapted HTML  

The adaptation of requested HTML files is carried out through the XSLT templates 
that are applied on obtained XHTML files (section 2.1)  

From these XHTML files and using XSL / XSLT, transformations can be 
implemented in two ways: 

− Defining, on a unique XSLT template, all profiles that can be applied to the 
XHTML document. This template will include as many conditional branches as 
there are profiles. In order to consider a new profile, a new branch in this template 
must be introduced. 

− Defining individual templates, one for each media object and considering profiles 
inside these templates. Taking a new profile into account means modifying each 

Table 1. Variables considered and possible 
value 

Variable considered  Possible value  
High  
Medium (640x480)  

Screen area  

Low (PDA)  
Color  Color  
Gray Scale  
Yes  Video  
No  
Yes  Sound 
No  
Free  
Semi-busy  

State of the network  

Busy   

Table 2. Adaptation mechanisms to be applied 
to each media object. 

Media object  Adaptation mechanism 

Image in original size 
Reduced size image to 1/2 
Reduced size image to 1/4 

Image (*) 

No image 
Original video 
Sequence of 10 images 
Sequence of 5 images 

Video (*) 

No video 
Audio file is sent Sound 
Audio file is not sent 

(*) Both of these take the values that are indicated in 
Table 1.  
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template individually. Considering a new media object implies generating the 
corresponding XSLT template. This treatment, carried out on individual templates, 
allows for easier maintenance. It has been selected for our proposal.  

Now, to apply an XSLT template to an XHTML file and to introduce parameters, a 
stylesheet processor should be used, for example SAXON[22] or XALAN[23]. This 
processor is used to check that the document is well formed and validates against the 
corresponding DTD and it is in charge of applying the stylesheet XSL, etc. 

SAXON, is a processor written in Java with its own parser, although it can use an 
external one. XALAN, from the Apache XML project, is a free tool written in Java 
that needs a Java virtual machine (JVM) and an XML parser to work. Xerces is the 
parser used and the corresponding file (xerces.jar) is included in the distribution. 

Since we use an Apache server, we have used XALAN to implement our analyzer. 

3   Readdressing of Requested Pages  

The X-SHAAD execution is carried out on-line. When receiving the petition, the 
requested page is analyzed. If the petition is an HTML file, X-SHAAD is executed 
and the page obtained is adapted to the particular profile.  

The module mod_rewrite of Apache server is used [24] to do this. It provides 
virtually all of the functions required to manipulate URLs, and works in most 
situations. Consequently, mod_rewrite can be used to solve all sorts of URL-based 
problems. We considered two directives of this module: 

− RewriteEngine. This directive enables or disables the runtime rewriting engine. If it 
is set to off, then mod_rewrite does no runtime processing 

− RewriteRule. This directive allows us to write the rules that will readdress the 
requested URLs. The basic syntax of this directive is:  

RewriteRule  url-pattern  url-new 

The url-pattern is a regular expression that is applied to the current URL. The 
current URL may not be the URL requested originally, because any number of 
rules could have already matched and altered it. The url-new argument is the 
string that is substituted for the original URL matched by the url-pattern. 

The module activation mod_rewrite of the Apache is carried out through the file 
httpd.conf. The code below shows part of this file, in which the mod_rewrite module 
is activated, including the rules to apply with the RewriteRule directive: 

<IfModule mod_rewrite.c> 
RewriteEngine On 

RewriteRule /adaptador/web/([^\.]+)/([^/\.]+)\.(html|htm) 
/adaptador/jsp/adaptar.jsp?&PATH=$1&XML=$2 [R] 

</IfModule> 

Where:  
[^\.] : any text that doesn’t contain point + / 
PATH : requested URL address, without the name of the HTML / HTM file 
XML : name of requested page –HTML / HTM 
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If the requested page coincides with some of rules specified through the 
RewriteRule, a JSP program is executed that will trigger the processor of style sheets 
to carry out the adaptation (Xalan). The following command shows the sentence of 
Xalan execution. 

java org.apache.xalan.xslt.Process -IN prova.xml -XSL 
prova.xsl –OUT prova.out  -PARAM perfil 2 

4   Adaptation Examples 

In this section we describe some adaptations. For this experiment, a web site was 
designed with the purpose of showing how X-SHAAD operates. Table 4 shows the 
different input variable values considered and the resulting web page.  

Table 4. Application examples of X-SHAAD operation 

5   Conclusion  

We believe that adaptation can be made in three different “adaptivity dimensions”: 
technology, user characteristics and user interaction. In this paper, we considered a 
particular implementation that takes into account the technological dimension. 

X-SHAAD shows the feasibility of adapting the requested web page according to a 
series of input variables. The main advantage of the proposed approach is its 
simplicity. At the same time, it represents a way of implementing SHAAD 
architecture.  

In this way, the final objective is to use SHAAD to obtain an integral system that 
represents the Adaptive Hypermedia System, and completely takes into account the 
problem of heterogeneity and independent technologies used to implement it. In this 
case, XML and Java are a simple way to implement and maintain X-SHAAD. 

Further work in the future will include more elaborated profiles for X-SHAAD in 
order to obtain an integrated support for adapted content delivery. Furthermore, the 
different “adaptivity dimensions” have so far been considered separately, and the 
results of these studies must be integrated into one system.  

Screen 
Area 

Color Video Sound State of 
Network 

Adaptation Mechanism to  be 
applied 

High Color No No Free Figure 4a  
Medium Grayscale Yes No Free Figure 4b 
Low Color Yes No Semi-busy Figure 4c 
Medium Color Yes Yes Busy Figure 4d 
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