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Abstract. In previous works we have been developing a tourism support 
prototype that offers a proven solution for aspects of multi-platform, 
personalisation and spatial-awareness. The aim of this paper is to analyse its 
drawbacks and limitations, and to propose an architecture that solves these 
problems relying on the principle of abstraction. It consists of a reflexive 
architecture based on models, and component-oriented, that allows specifying 
the user interface independently of the rest of the implementation. Thus, 
developers only have to focus on modelling the functionality of the application 
�which resides at a base level-, leaving the interface to a meta level, 
constructing thereby applications without apparent interface. The generation of 
the UI is not carried out until run-time, applying an automatic translation from 
abstract interaction components to concrete ones according to the device and the 
user�s features and current state. 

1 Introduction 

Mobile computing offers the possibility of dramatically expanding the versatility of 
computers, by bringing them off the desktop and into new and unique contexts. As it  
grows, it offers a wider variety of devices suitable for multiple and varied contexts of 
use1. However, to take advantage of all these new possibilities, UI designers are 
forced to accommodate a growing variety of devices and contexts of use, as well as to 
solve any contextual or environmental changes, while preserving usability. Only that 
way it will be possible to create UIs that get together all of the demanded features: 
adaptivity, context-awareness, device independence and usability. 

  In this line, what we intend is to exploit the possibilities of mobile computing in 
the tourism sector. Our specific aim is to develop a generic tourism support tool that 
gets together all of the previously mentioned features, applicable to any tourist 
enclave. Nevertheless, our experimentation laboratory has been until now the 
mountainous zone of Montsec. It is an area of outstanding natural and cultural wealth, 
situated in the western sector of the Catalan Pre-Pyrenees (province of Lleida).  

The previous prototype we developed �tested and published in [1] -, already solved 
the adaptation to the device and to the user�s profile, by providing a specific template 
                                                           
1 It includes a set of environment parameters that describe a particular context in which a 

determined user is realizing a concrete task.  
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in XSL (eXtensible Style Language), adapted to each context of use. However, that 
solution had strong limitations. On one hand, it is a method notably inflexible and 
difficult to maintain. On the other hand, it is necessary to diversify and extend the 
offer of pre-designed templates for each new demand, turning this task into a 
repetitive, complex and hard process that makes it difficult to preserve the consistency 
between the different interfaces. This approach could only be appropriate if the set of 
devices or of adaptation possibilities to different profiles taken into consideration was 
quite restricted. However, if we do not want it to fall quickly into disuse, we cannot 
ignore the increasing availability of diverse devices. It is accordingly necessary to 
make the accommodation to different platforms easier and more flexible, and thereby 
the generation of suitable UIs. 

We think that many of the portability problems in UI development are caused by 
the low abstraction level at which design decisions are made, resulting in lack of 
overview in the design process. The abstraction level is the key, and also the base of 
programming paradigms, such as the component-oriented paradigm [2]. This 
paradigm proposes implementing systems by means of the incorporation of 
components adaptable to different contexts and formalised through models, as in a 
model-based technique -see [3] to look up a complete overview of some of the best- 
known model-based techniques. This is the design and implementation base that is 
proposed in this paper: the provision of as many concrete components of interface as 
necessary, which will be automatically selected according to the user�s technology 
(device) and preferences. The rest of the application will work making use of the 
abstract interface components, obtaining therefore generic UIs2, and accordingly 
reusable in other applications. The translation of abstract to concrete components, and 
also the relation between functionality and interface are situated at a meta level 
corresponding to a typical reflexive architecture. 

 
 

2 Our Proposal 
 

2.1   Environment Recognition 
 

As a tourism support tool, our system also has to solve all kind of spatial 
consultations, thus providing the spatial-awareness property. In order to offer 
environment recognition, a detailed spatial model from the real world is required, 
which has to be built and integrated into the architecture.  

The modelling is being solved using an object-oriented approach - this makes the 
adaptation to each particular case easier, following the concept of ontology-, in an 
XML-based language. Henceforth, we will name this model Augmented World model 
(AW-m). It provides an integrated and homogeneous view of the data. 

The automatic extraction of the objects in the model that may interest the user �
according to his profile, state and current circumstances- with regard to position, is 
going to be delegated to a spatial data managing module: the Nexus platform [4]. We 
can define this as a global and open infrastructure, sufficiently versatile to contact to 
any spatial-awareness application �independently of its functionality-, provided that 

                                                           
2 UI whose aspects can vary in different devices, while its functionality prevails in all of them. 
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the application works with XML-based languages to define the AW-m, and also with 
XML-based query languages to formulate the queries. 

The essential components of the AW-m are the static geographical objects (in the 
Montsec case: castles, towers, monasteries, rural areas, churches, etc), the location 
information of mobile objects (the zone visitors), and also virtual objects which 
provide additional information or services to Nexus users. The answer to a query  
consists of a list of matching objects in a particular zone. For example, a list of the 
nearest restaurants with their respective attributes �address and menu-, if it is 
lunchtime, or a list of the castles that can be visited in the zone, according to attributes 
such as historical period and visiting timetable. This would be suitable if our user had 
a certain preference for History. Other parameters that also take part in the adaptation 
are, for example, the information level required by the user, if he already knows a 
term related to the information -such as the features of the Romanesque style of a 
church-, the number of similar visits already realised, etc. 

The Nexus platform is currently being developed at the University of Stuttgart [4]. 
For more details about it or how to join our prototype, consult [1]. 
 

 
2.2   The Reflexive Architecture 

 
Under an object-oriented reflexive architecture view [5], [6], a system is considered to 
be integrated by two parts: the application part and the reflexive part, which reside at 
two different levels: the base level and the meta level, respectively. The application is 
represented at the base level and is manipulated by the meta level. Both levels are 
connected causally, so that changes in the base level are reflected in the meta level. 

Our objective consists of developing a system where the part destined to 
contemplate the interface and the part destined to the functionality are independent. 
At the base level, following the abstraction principle, there is no conception of 
interface. The interface will be taken on in the meta level, at run-time, fixing which 
concrete interface components will represent the functionality described by the 
abstract ones, depending on the device and the user�s profile. Other responsibilities of 
the meta level will be the interaction validation, the aid to the user in his actions, etc, 
in a transparent way for the user. Following the component-oriented programming 
approach [2], the base level can be formed, independently of its functionality, by a 
control structure similar to a states machine, where each state is associated with a 
dialogue, identified in the design phase. Fig. 1 represents the whole idea.  
     With respect to the required models, the ones that we consider relevant for 
applying the proposed architecture to tourism, are the next ones: user model, task 
model, dialogue model, presentation model and platform model. The AW-m 
described previously corresponds to the domain model. 

In device-based UIs the connections between the platform model and the 
presentation model acquire crucial importance, because they tell us how the 
constraints posed by the various platforms will influence the UI visual appearance. In 
short, they determine the transition from abstract components to concrete ones, 
decision that depends in a great deal on the final device to interact with.  
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Fig. 1.  Reflexive architecture and distribution of responsibilities 
 
 

3  Conclusions 
 

This paper proposes the construction of an application without apparent interface. As  
happens in the hardware elaboration, we can dispose of concrete interface 
components available for selection, leaving the interface generation at run-time. At 
this moment the suitable crystallization from abstract to concrete components occurs, 
making use of a reflexive architecture. One of the advantages of this mechanism is 
that the developer only has to focus on modelling the functionality of the application, 
leaving the interface to a meta level. This will be, for definition, reusable. 
     The use of abstract models to describe the UI makes the development of usable 
UIs to mobile devices substantially easier, providing an automated support that allows 
designers to overcome the challenges posed by mobile computing. 
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