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Abstract. With the tremendous growth of the Web, a broad spectrum of 
tourism information is already distributed over various Web sites. To fulfill the 
tourists request for an extensive data collection it is inevitable to make 
accumulated data from different sources accessible. In a first step towards a 
comprehensive integration of tourism data the official Austrian destination 
information and booking system TIScover is extended with a flexible data 
interchange adapter which allows interchange of structured data with other 
tourism information systems.  
Beside the problem of distributed data sources tourists are also confronted with 
differences concerning information presentation on various Web sites. To cope 
with this problem our approach extensively uses maps for data presentation and 
federation of multiple structured and semi-structured tourism information 
sources on the Web. For this purpose touristic maps are generated dynamically 
including data resulting from database queries. This concept allows a clear and 
meaningful representation of up-to-date tourism information embedded in a 
geographical context.  
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1   Introduction 

The aim of the official Austrian tourism information system TIScover [1], [2], [3] is 
twofold: First, tourists should be supplied with comprehensive, accurate and up-to-
date tourism information on countries, regions, villages and all destination facilities 
they offer like hotels, museums or other places worth seeing. Second, it aims to attract 
tourists to buy certain tourism products either offline or even more important to allow 
tourists to buy them online. 

The functionality provided by TIScover can roughly be categorized into three 
different components, the public Internet component, the Extranet and the Intranet.
The public Internet component comprises that functionality of the system that is 
accessible to the public, the most important modules are Atlas and Booking. The 
Extranet provided by TIScover allows authorized tourism information providers, 
regardless whether it is a small guesthouse or a large local tourist office to update and 
extend their tourism information and products directly. Finally, the Intranet
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component of TIScover which is accessible at the system provider's side only allows 
to configure the whole system in various ways. For example, it is possible to extend 
the geographical hierarchy, to specify expiration dates for reports and to define the 
default language for all system components. 

Currently, TIScover manages a database of about two gigabyte of data, more than 
500.000 Web pages (composed of more than one million files) covering among others 
2.000 towns and villages and over 40.000 accommodations. The system has to handle 
up to 21 million page views as well as up to 90.000 information and booking requests 
per month. 

Although, these figures illustrate that TIScover manages a fairly huge amount of 
tourism information, it is of course far from being complete. To be able to satisfy also 
requests for certain information which is not part of the TIScover database, but 
already available at other information systems, the IST project XML-KM (eXtensible 
Markup Language-based Mediator for Knowledge Extraction and Brokering) [4], [5], 
[6] was intended to provide a proper technical basis. 

Resulting of many years of project experience in the field of tourism information 
systems, we identify the following requirements having great impact on the quality of 
a tourism information system focusing the accessibility to the users (tourists): 

• integration of geographical data with tourism data and 
• integration of distributed data sources. 

It is obvious, that in the actual situation to search for and to locate interesting tourism 
information distributed over various Web sites takes a great effort, is time consuming 
and burdens tourists. The situation gets even worse since Web sites usually differ very 
much especially concerning information presentation and information access. For a 
satisfying result the user needs a fast and straightforward access to tourism 
information with a reliable and clear data representation. Typically, if tourists search 
for objects they are interested in, they often have to deal with large result sets 
characterized by complex tabular lists where it is difficult to obtain an objective view. 
In the case of integrating tourism data with a geographic information system (GIS), 
maps offer a unique possibility to combine geographical data with plain tourism data 
at the visualization level. Maps are a proper medium to support the human perception 
in a convenient way and use people’s inherent cognitive abilities to identify spatial 
patterns and provide visual assistance concerning geographic objects and their 
locations. 

Today most graphics on the Web are still in raster format. The new XML-based 
graphic specification language scalable vector graphics (SVG) [7] allows the 
presentation of dynamic and interactive vector graphics in the Web. SVG offers 
substantial advantages for tourism information systems because maps change from 
static raster graphics to interactive graphical representations allowing the presentation 
of the most extensive information possible thus satisfying the demands of the users. 

To fulfill the tourists request for an extensive data collection it is inevitable to 
make data from distributed data sources accessible. In a first step towards a 
comprehensive integration of tourism data TIScover is extended with a flexible data 
interchange adapter which allows interchange of structured data with other tourism 
information systems. Information about data interchange formats and data structures 
is transformed into a meta data structure represented by XML (extensible markup 
language) [8], [9], [15] document type definitions (DTDs). This concept allows a 
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flexible administration and maintenance of several data interfaces to other tourism 
information systems. 

The contribution of the presented approach is twofold: First, to provide an 
extensive data collection to a tourist, distributed and heterogeneous tourism 
information is accumulated and integrated. Thus, flexible data interchange 
mechanisms are introduced. Second, tourism information is combined with 
geographical information to achieve efficient visualization of tourism data. This 
purpose is enabled by the new SVG format, which allows to generate interactive 
tourist maps dynamically. 

The paper is organized as follows: Section 2 illustrates the new possibilities 
yielding from the integration of tourism data with geographic information systems. 
The basic concepts of XML and meta data based tourism information integration are 
presented in Section 3 including an overview about the objectives of the XML-KM 
project. Section 4 concludes the paper by discussing further improvements and 
pointing to future work. 

2   XML-Based Integration of GIS and Tourism Data 

Geographic information systems (GIS) is a rapidly expanding field enabling the 
development of applications that manage and use geographic information in 
combination with other media. Among others, this technology offers great 
opportunities to develop modern tourism applications using maps to present 
information to the user, thus exploiting the two dimensional capabilities of human 
vision and present the information in a compact and easy to read way [10]. 

GIS technology has broadened our view of a map. In contrast to paper-based maps, 
they are now dynamic representations of geographic data with the ability to visualize 
data according to the user's demands. The integrated GIS system generates maps 
based on data returned from databases. As a consequence changes of the GIS data and 
tourism data are automatically considered and valid after the generation of a new 
map.

Actual geographic information systems work with two fundamentally different 
types of geographic models - the raster model and the vector model. With the raster 
model objects are represented as a matrix of cells in continuous space. A point is one 
cell, a line is a continuous concatenation of cells and an area is represented as a field 
of contiguous cells. Today most of existing Web-based information systems use raster 
graphics for the representation of maps. In this case a satisfying user interaction (e.g., 
zooming) is not possible. In contrast to raster maps vector based graphics use x, y 
coordinates to define the position of graphical objects. This allows graphic 
transformations, like zooming, at the client without losses of quality or makes textual 
search mechanisms available. In addition a dynamic generation of maps is possible, 
which enables the presentation of up-to-date information to tourists. 

Until now, there have been several initiatives to establish a vector standard [11], 
e.g., SVF (simple vector format) [12], which was the first attempt for vector 
representation in the World Wide Web, or Flash [13] which is the most common 
vector format, but it has never been admitted to be an official standard. Furthermore, 
Microsoft specified his own proprietary vector format VML (vector markup 
language) [14], which was an appropriate attempt but limited to Microsoft platforms. 
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VML was one of the basics to define the more generalized and advanced vector 
format SVG. 

The SVG grammar comprises, generalizes and advances the preceding attempts to 
build an open standard recommended and developed from the World Wide Web 
Consortium [7] to describe two-dimensional vector graphics in XML. SVG enables 
the integration of three types of graphic objects: vector graphic shapes, text and 
images. Graphical objects can be grouped, styled, transformed and combined with 
other SVG objects. SVG offers the features of embedded interactivity (vector zoom, 
move operation, , etc.), animation, embedded fonts, XML, CSS and supports scripting 
languages with access to the DOM (document object model) to obtain full HTML 
(hypertext markup language) compatibility. 

Even though SVG is an upcoming standard, there already exist several SVG tools 
like editors, viewers, converters and generators. But until now Web browsers do not 
have an embedded support for SVG, which is promised for the next generation of 
Web browser. In the meantime Adobe's SVG plug-in [16] allows to process SVG-
based graphics within Web browsers. 

Buildings - layer

Road - layer

Watercourses -
layer

Railways -
layer, etc.

Vegetation -
layer

Hotel - layer

Infrastructure -
layers, etc.

Restaurant - layer

Sights -
layer

Event locations -
layer

Touristic map

Fig. 1. Integration of themed layers. 

The integration of geographical data, tourism information, textual data, images, 
and links are supported by SVG. Using vector graphics allows to interact, analyze, 
and to use screen-related functions, such as zooming and panning. It is easy to select 
features to be displayed, while ignoring unwanted data. Each kind of information 
within the map is located on a themed layer, which can be anything that contains 
similar features like roads, buildings, watercourses, hotels or sights. According to 
their needs users turn these layers on or off. To integrate GIS data and tourism data 
the traditional layer model (roads, buildings, vegetation, watercourses, railways, etc.) 
is enriched with additional tourism layers like hotels, restaurants, sights, event 
locations and further infrastructure layers (Figure 1). 



350      Franz Pühretmair and Wolfram Wöß

SVG supports themed layers and the generation of user individual maps. In 
addition it is possible to integrate the following types of information and graphical 
symbols: 

• object symbols representing the type of a touristic object, 
• alphanumerical object descriptions (e.g., name and category of a hotel), 
• colors, e.g.,  to visualize the availability of an hotel 
• links to a homepage represented by a graphical object (e.g., a hotel's homepage). 

In this approach tourism data stored in a tourism database still remains separated 
from GIS data stored in a GIS database. The XML-based integration of data takes 
place at the information visualization level. For the visualization of touristic objects it 
is necessary to add its geographical coordinates (latitude and longitude) which are 
then stored within the GIS database. The determination of the geographical 
coordinates of touristic objects is part of the administration expenses within the 
TIScover Extranet. 

There are two different ways to determine object coordinates: 

• Manual positioning. Authorized tourism information providers (e.g., hotel 
manager, tourist association) are responsible for the administration of geographical 
coordinates of those objects which are under their responsibility. The localization 
is done by marking the position of the object on the map. The corresponding 
geographic coordinates will be calculated and stored in the GIS database. 

• Automatic positioning. Based on the postal address of touristic objects the 
geographic coordinates are calculated automatically [18]. 

Both approaches have advantages and disadvantages. The automatic approach will be 
faster, but it is less accurate and error prone because it is a prerequisite that the postal 
address of the touristic object is complete and that the address data within the GIS 
system matches to the data of the tourism system to enable accurate mapping. The 
manual approach is more precise because it is an WYSIWYG (what you see is what 
you get) approach since the administration as well as the map generation is based on 
the same map data. The problem of this alternative is a great administration effort. 

After the geographic coordinates of touristic objects are determined, the objects 
can be visualized on touristic maps. Additionally, the geographic information system 
offers an advanced geographic search feature which allows to combine touristic 
search attributes like, object type, object name, category of hotels, etc. with 
geographic criterions like nearness, distance, location (city or province) or objects 
located inside a marked rectangular map region. Figure 2 describes the workflow of 
the data integration process. 

The user starts a request, which is transmitted to the integrated GIS system. The 
GIS system submits the query to the spatial database to get the map data and to create 
a list of objects which are located in the queried area. Each object returned will be 
completed with tourism data like object name, URL of the object's homepage, 
category of the hotel, availability of hotel rooms, etc. Afterwards the transformation 
module converts the characteristics (layer extent, coordinate reference, shape, points, 
etc.) into SVG representations (polygon, line, path, etc.) and integrates the GIS data 
with the tourism data, identifies the layers, and defines the representation of the 
touristic objects (symbols, visualization of layers, object linking etc.). The data of the 
SVG map is provided in standard XML format and fulfills a DTD, which means that 
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it is well-formed. Finally the touristic map is delivered to the client. On the client only 
queried layers are turned visible, but the users can turn layers on or off according to 
their needs. 

query

List of
objects

query

add tourism
data

Tourism
data

GIS data

create
object list

return
map data

User
request

Touristic map
Transformation
& integration

module

Query module

Integrated GIS

Web

Fig. 2. GIS data integration workflow. 

The results of the integration of GIS data and tourism data are touristic maps 
including the information where touristic objects are, how they can be reached, and 
which objects are located nearby. If the map representation of a touristic object is 
linked with the homepage of this object users acquire more detailed information about 
the object and / or in case of hotels features like online booking are provided. 

A first prototype of the SVG based data integration and map representation is 
already implemented. 

3.   XML and Meta Data Based Information Integration 

To fulfill the tourists request for an extensive data collection it is inevitable to make 
data from different sources accessible. In a first step towards a comprehensive 
integration of tourism data TIScover is extended with a flexible data interchange 
adapter which allows interchange of structured data with other tourism information 
systems (Figure 3). 

Beside the main purpose of a global information integration this approach also 
focuses on data interchange (e.g., invoice data, order data, personal tourist data) 
between tourism information providers and other business partners without involving 
the TIScover system. For these data interchange requirements the existing functions 
of the TIScover Extranet are not sufficient or not adequate (Figure 4). 

Especially the second data interchange scenario requires data interchange facilities 
which cope with the following demands: 

• support of data interchange with a large number of business partners, 
• high flexibility, 
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• lean administration and 
• low costs. 

In general, there are two contrary strategies to implement data interchange 
applications: 

• Implementation of one data interface per EDI (electronic data interchange) 
communication partner. In the worst case n EDI partners require n different 
interfaces. 

• Definition of a common standard which covers nearly all possible data interchange 
scenarios. 

In the first case the implementation and maintenance of the whole set of interfaces is 
very time and cost intensive. In the second case a common standard results in a 
complex interface specification with a more or less large overhead. The question is: 
Why put up with the whole overhead if, for example, only a very simple data structure 
has to be transferred? 

TIScover

tourism information
system A

tourism information
system B

data interchange
adapter

Fig. 3. Global information integration. 
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Fig. 4. Information interchange with other business partners. 

The approach presented in this paper supports both strategies in order to combine 
the advantages of each of them. Knowledge about data structures and data formats is 
separated from the process of generation of destination files and electronic 
transmission. This separation achieves the purpose to make the data interchange 
application configurable. If any changes or extensions of the data interchange 
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specification are necessary, it is sufficient to update the knowledge base. The 
implementation of the data interchange application remains unchanged. The required 
knowledge base is realized as a meta data structure. 

3.1   Architecture of the Data Interchange Adapter 

The general architecture of the data interchange adapter consists of three components 
(Figure 5): 

• A Knowledge base (meta data) about data structures and data formats, represented 
by XML DTDs stored within a central database. 

• The mapping knowledge editor is necessary for the administration of meta data 
information which is the representation of an individual data interface to an EDI 
communication partner. 

• The data interchange processor in the first step receives input data which has to be 
transformed into the required destination format. In the next step the processor 
scans the meta data information corresponding to the required destination format. 
Based on this meta data the destination data file is generated dynamically. Data 
interchange is possible in both directions to and from a TIS application. 

data interchange adapter

EDI partner 1

EDI partner n

EDITIS application

data interchange
processor

meta data
(KB)

mapping knowledge
editor

Fig. 5. General architecture of the data interchange adapter. 

Beside several other key characteristics XML is a new and flexible concept for the 
specification of an EDI message. In contrast to HTML (hyperText markup language) 
which aims at the presentation of information XML focuses on structuring of 
information which is also the most important process of an EDI application. Hence, 
for example, it is possible to model existing EDIFACT message types [17] as XML 
messages. 

Taking these considerations into account the latest implementation of the 
introduced data interchange adapter is based on XML DTDs (Figure 6). Within the 
XML based architecture source and destination files are in ASCII- (due to high 
compatibility) or XML-format. Meta data information for the specification of the 
transformation of a data source into its destination format is represented by XML 
DTDs.



354      Franz Pühretmair and Wolfram Wöß

S-model

Mapping

Processor

XML

DTD

D-model

XML /
ASCII-File

XML /
ASCII-File

meta data

mapping

data flow

S...source

D...destination

Fig. 6. XML based architecture. 
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Fig. 7. Business object mapping. 

A DTD also describes the mapping between the source model and the destination 
model each representing the data structures of the corresponding source/destination 
file. A model itself consists of business objects and references the corresponding 
source or destination file (Figure 7). Business objects are representations of the data 
structures within the source or the destination file. A business object is designed as a 
tree structure and therefore may itself consist of business objects and/or simple 
attributes (Figure 7). Each attribute of a source model knows its corresponding data 
field within the source file and each attribute of a destination model references the 
corresponding destination file, data field and data type. 
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The maintenance of the meta data information is done by using a mapping 
knowledge editor which allows to specify or update DTDs for source and destination 
models as well as the mapping between the represented data structures. Due to the 
central database system changes of the transformation specifications (meta data) are 
immediately valid for each interacting software system. 

A further key aspect of the XML based architecture is the possibility to specify 
layout information of an XML document separated from the XML document itself. 
Hence, it is possible to generate different outputs of one XML document using 
different layout styles which are defined with XSL (XML stylesheet language) [8]. In 
this case it does not take great effort to provide different outputs of the same EDI 
process for different EDI partners. 

3.2   The XML-KM Approach 

The main advantages of XML based EDI are high flexibility and low implementation 
costs. In combination with XSL XML is important for structuring information and for 
its presentation.  

A prototype of the XML and meta data based data interchange adapter is already 
finished. Towards a global and comprehensive integration of tourism information the 
introduced data interchange adapter is a first step, which makes flexible data 
interchange possible. Currently, XML is confined to syntactic exchange and thus can 
be regarded only as promising basis of semantically useful shared knowledge 
management [19], [20]. 

object-relational
database system

XML-KM
repository

tourism information
system A

TIScover

tourism information
system B

Fig. 8. Integration of tourism data in the XML-KM repository. 

The main technical innovative points of the XML-KM project overcome some of 
these limitations. First, by adopting a semantic approach to the deployment of XML, 
combined with techniques to extract knowledge and to create conceptual views. 
Second, by developing concepts for the collection, fusion and dissemination of 
irregular, evolving information sources as opposed to the bilateral exchange. XML-
KM extends XML DTDs with means to relate element-definitions and data types in 
ontologies using modeling means which will be harmonized with the efforts of the 
W3C working group on XML schemas [15]. This provides the basic framework to 
meaningfully collect information from diverse sources, integrate it into unified, 
domain-dependent schemas and to disseminate it according to the individual needs of 
diverse user groups or information systems. 
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Various data sources are integrated in the XML-KM repository (Figure 8), which 
provides facilities for querying integrated views of remote data and updating the 
repository. The XML-KM repository is built on top of an object-relational database 
system (Oracle 8). 

The data to be integrated in the XML-KM repository can be structured or 
unstructured and can be managed by use of different technologies (databases, HTML 
pages, XML pages and text files). 

Beside integration of tourism data in the XML-KM repository and integration of 
geographical data with tourism data the touristic part of the XML-KM project also 
focuses 

• location based services in WAP (wireless application protocol) and 
• dissemination of user obtained tourism newsletters on predefined schedules. 

4   Conclusions 

Due to the tremendous growth of the Web to search for and to locate interesting 
information distributed over various Web sites takes a great effort and is time 
consuming. This is especially true for tourism information systems. To fulfill the 
tourists request for an extensive data collection it is inevitable to make accumulated 
data from different sources accessible. 

As discussed in Section 1 the following requirements have great impact on the 
quality of a tourism information system focusing the accessibility to the users: 

• integration of geographical data with tourism data and 
• integration of distributed data sources. 

Actual tourism information systems are still characterized by a lack of integrated GIS 
data. The approach described in this paper integrates tourism and GIS data by using 
SVG the XML-based standard for vector and mixed raster-vector graphics for the 
generation of touristic maps. Dynamically generated vector maps based on SVG offer 
a wide spectrum of powerful functionalities like high performance zooming and 
printing as well as a flexible and open representation of interactive touristic maps in 
combination with the possibility to integrate other XML-related technologies. This 
kind of touristic maps gives tourist information providers the opportunity to present 
their tourism information to potential tourists in a clear, fast and powerful way. The 
flexibility of the presented concept and its implied technologies significantly improve 
the integration of tourism and GIS data to build dynamic interactive touristic maps. 

Beside the integration of GIS data federation of tourism information sources is a 
primary goal. Thus, flexible and powerful data interchange mechanisms are required. 
TIScover is extended with a data interchange adapter which allows interchange of 
structured data with other tourism information systems. In contrast to many existing 
systems the presented approach separates knowledge about data structures and data 
formats from the process of generation of destination files and electronic 
transmission. This knowledge is transformed into a meta data structure represented by 
XML DTDs. The main advantage of this concept is that if changes of the data 
interchange specification to other tourism information systems are necessary, it is 
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sufficient to update the corresponding meta data information within the XML DTDs. 
The implementation of the data interchange adapter remains unchanged. 

Further work will be done primarily in the course of the IST project XML-KM. 
The goal of XML-KM which is strongly based on XML is to improve the data 
integration process in order to be able to collect and disseminate knowledge instead of 
just data. Through a rule-based XML-wrapper, information from corporate databases, 
HTML pages and office applications will be collected in the XML-KM repository. 
Through XML-based query tools, users will be able to receive personalized 
information in an appropriate format on various devices including computers, mobile 
phones based on WAP services and faxes. 
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