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Abstract. A broad spectrum of tourism information is already distributed over
various web sites. However, a major problem for the tourist is to find these web
sites and to deal with the differences concerning information presentation and
information access. At the same time, it is not feasible to store every kind of
information a tourist might be interested in at one web site neither in terms of
storage costs nor and even more important in terms of maintenance overhead.
Therefore, in the course of the ESPRIT project MIRO-Web the official Austrian
tourism information and booking system TIScover is extended in order to
federate multiple structured and semi-structured tourism information sources on
the web. In particular, MIRO-Web supports a homogeneous view on these
heterogeneous sources which can be either materialized or defined as virtual.
On the basis of this view, appropriate query mechanisms as well as a web-based
interface provide the user with a single point of access.

1 Introduction

With the tremendous growth of the web, accessing information on the Internet has
become less a question of determining whether the information is out there, but
rather, in what form, and how to find it [5]. This situation is especially true for the
tourism industry where a broad spectrum of tourism information is already distributed
over various web sites and stored using heterogeneous formats. It is obvious that this
situation is very undesirable since the tourist is burdened with finding and visiting
various web sites in order to gather all the desired tourism information and products.
The situation gets even worse since web sites usually differ very much especially
concerning information presentation and information access. What is therefore
required is that the tourist is enabled to collect all desired tourism information and
tourism products at one place, no matter whether, e.g., information about weather and
traffic conditions, schedules of trains, planes and buses, or information about actual
events like movies at the local cinema including movie reviews as published in
different online newspapers are required.
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To fulfill this requirement it is of course not feasible to store every kind of
information a tourist might be interested in at one web site neither in terms of storage
costs nor and even more important in terms of maintenance overhead. A more
promising idea would be to take advantage of the huge amount of other relevant
tourism information that is already distributed all over the web. In the course of the
ESPRIT project MIRO-Web [4] which was started at the end of 1997, the official
Austrian tourism information and booking system TIScover is extended in order to
federate multiple structured and semi-structured tourism information sources on the
web. These sources comprise different in-house databases employed in the various
tourism offices, Excel files used for managerial purposes, and finally and most
important HTML-pages of other web sites [3].

The rest of the paper is organized as follows: After a short overview about
TIScover in Section 2, the basic concepts and technologies of MIRO-Web used in
order to integrate heterogenecous information sources are presented in Section 3.
Section 4 demonstrates the applicability of MIRO-Web to TIScover by presenting
two different application scenarios comprising an Event Agent and a Golf Agent.
Section 5 concludes the paper by discussing lessons learned and pointing to future
work.

2 An Overview of TIScover

The development of TIScover has been started in 1996 based on the experiences
made with the pioneering system TIS@WEB [1]. The aim of TIScover is twofold
[11, 12, 13]: 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 the tourist to buy certain tourism products either offline or even more
important to allow the tourist to buy them online. Originally, TIScover was realized
to market the facilities of a certain region of Austria, namely Tyrol, only. Meanwhile,
four other Austrian regions have joined TIScover [15]. Besides that, TIScover has
been employed in Asia, presenting tourism information about Thailand [16]', it is
used by the German company START Media Plus, a major player in the area of
online reservation systems, to present tourism information about Germany [17], and it
is online in Switzerland as KISSswiss, employed by the companies Kiimmerly+Frey
and Basler Versicherungen [18].

The functionality provided by TIScover can roughly be categorized into three
different components, the public Internet component, the Extranet and the Intranet
[12]. The public Internet component comprises that functionality of the system that is
accessible to the public, whereby the most important modules are Atlas and Booking.
The module Atlas allows the customer to browse through all kinds of tourism
information by navigating through a geographical hierarchy and to use a full text
search. The module Booking allows for a precise structured search based on a subset
of the tourism information presented by Atlas, like villages, hotels, available rooms,
events and camping sites along the geographical hierarchy as well as online booking

! Note, that due to the economical crisis in asia, TIScoverasia is currently not operating.
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of these tourism products. Furthermore, TIScover provides an Extranet allowing
authorized tourism information providers, no matter being a small guesthouse or a
large local tourist office to update and extend their tourism information and products
directly. Finally, the Intranet component of TIScover which is accessible at the
system provider’s side only allows to configure the whole system in various ways. It
is, for example, possible to extend the geographical hierarchy, to specify expiration
dates for reports and to define the default language for all system components.

Currently, TIScover stores all tourism information and tourism products within a
central relational database. The common database schema of TIScover Austria
consists of about 300 database tables and has been constructed on the basis of a
domain data model which incorporates all conceptual entities gathered during the
process of requirements definition with numerous tourism information providers and
from the experiences with the predecessor system TIS@WEB [1]. The database of
TIScover Austria comprises about two gigabyte of data. To facilitate performant
access, web pages are automatically generated out of the database every time one of
the 7.000 tourism information providers ranging from hotels to local tourism offices
maintains the content covering among others around 2.000 towns and villages and
nearly 40.000 accommodations [14]. As a result, there exist more than 400.000 web
pages stored in some million files. Per month, the system has to handle up to 8,6
million pageviews, 2 million visits as well as up to 40.000 requests for information on
booking and online bookings.

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 web sites, the MIRO-Web project was intended to provide a
proper technical basis.

3 Basic Concepts and Technlogies of MIRO-Web

The integration of heterogeneous data is a challenging problem when trying to
utilize existing information on the web. Many of the problems encountered in
building such systems are similar to those addressed in building heterogeneous
database systems [5, 8]. However, the integration of information sources on the web
poses some fundamentally new challenges:

Heterogeneity of Sources. Web information is stored within distinct
heterogeneous sources, whereas the important kind of heterogeneity in our context is
structural heterogeneity [2, 5]. As an extreme we find fully structured data coming,
e.g., from databases having a rigid and explicit schema. At another extreme, there is
data which is fully unstructured having no schema, such as images, sounds, and raw
text. But most of the data falls somewhere in between these two extremes, called
semi-structured data (e.g., HTML-files), where the schema can be implicit and does
not have to be rigid.

Evolution of Sources. Information sources at the Internet evolve at a much higher
pace than databases in a controlled business setting and therefore increase the
maintenance overhead of the integration schema.
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Autonomy of Sources. Many sources are characterized by a high degree of
autonomy, allowing a partial integration only.

Lack of Source Meta Data. Commonly, there is little meta data available about
the characteristics of the sources which further complicates their integration.

Most of current web sites do not fully cope with these challenges and do not allow
for the integration of multiple data sources beyond simple links between them. The
MIRO-Web project [4] focuses on the development of a set of middleware
components providing integrated and transparent access from standard web browsers
to multiple data sources, ranging from databases to more or less structured files,
located on different web sites.

3.1 The Architecture of MIRO-Web

MIRO-Web builds on the technology developed and the knowledge acquired in
the course of the ESPRIT project IRO-DB, aiming at the integration of heterogeneous
databases [8]. In the spirit of IRO-DB, MIRO-Web is based on a three-tier
architecture, consisting of a Data Source Adapter Layer, a Mediation Layer and a
Client Layer (cf. Fig. 1).

Data Source Adapter Layer. The Data Source Adapter Layer consists of a
number of adapters, also known as wrappers, which are needed to mask the
heterogeneity of data sources and to transform source data into a structured format
[7]. Data source adapters have two main functions: they first translate a query to the
underlying query system used by the source and then they translate the results sent by
the source after evaluation of the translated query. MIRO-Web adapters can be used
in conjunction with a mediator (cf. below) or independently by an application. In the
first case they provide an API well suited for the interaction between the mediator
and the adapter. In the latter case they provide a JDBC [9] interface through which
they support a subset of SQL depending on the query management capabilities of the
data source and on those implemented in the adapter itself. MIRO-Web supports
several kinds of adapters depending on the nature of the data source, such as
relational adapters as well as structured and semi-structured file adapters. To facilitate
both, building and maintenance of data source adapters a Java toolkit called Adapter
Development Kit has been developed.

Mediation Layer. According to [20], mediators “simplify, abstract, reduce,
merge and explain data”. The Mediation Layer of MIRO-Web provides the means to
combine and integrate these heterogeneous sources into a homogeneous view and
supports query possibilities on this view in terms of a single point of access. For a
more detailed discussion it is referred to Section 3.2.
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Fig. 1. Overall Architecture of MIRO-Web

Client Layer. The Client Layer provides web-based user interfaces, allowing
both, to express queries to the underlying heterogeneous sources and to present the
results of these queries in a uniform way. Section 4 presents the user interfaces,
which were realized for the application of MIRO-Web to TIScover.

3.2 Materialized Mediation versus Virtual Mediation

An important distinction in building web data integration systems is whether to
take a materialized approach or a virtual approach for mediation. MIRO-Web
supports both approaches in order to combine the advantages of each of them. It is the
responsibility of the database administrator to decide which approach is suitable for a
certain data source.

Materialized Mediation. In the materialized approach, data from multiple web
sources is loaded into a warehouse, and all queries are applied to the warehoused
data. In particular, a materialized mediator stores data received from the adapters, and
provides for integrated views on these imported data. The materialized mediator of
MIRO-Web is built on the basis of the object-relational data model of Oracle8 [10],
which can represent multi-valued attributes by means of nested tables as well as
object references. Appropriate tools are provided for the database administrator to
integrate necessary data and to query them through Oracle views.

Where data volume, timeliness, security considerations and frequent changes of
the remote data source do not prevent materialization, this approach has the following
advantages. First, autonomous sources need not be available all the time and adequate
performance can be guaranteed at query time. Second, adapters can concentrate on
data mapping and enrichment, and can be limited to rather restricted query
capabilities. Finally, queries combining information from multiple sources can be
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processed locally, and dedicated indices and representation schemes can be used for
improving efficiency.

Virtual Mediation. In the virtual approach, the data remains in the web sources
and is not replicated at the mediation layer. To manage query processing in this
scenario, the mediator proceeds in several steps at runtime. First the query is
decomposed and optimized into sub-queries and a composition query. Each sub-query
extracts the necessary information from an adapter. The composition query combines
the sub-answers from the sub-queries into the final answer, which is returned to the
user through the mediator. Virtual mediation is performed in MIRO-Web by DISCO
(Distributed Information Search COmponents) a distributed extensible query engine
which provides a uniform query language and data model for declarative access to a
heterogeneous collection of data sources [19].

Virtual mediation provides several advantages. First, it is not limited by the
storage capacity of the materialized mediator. Thus, arbitrarily large collections of
data can be combined. Second, no a priori decision must be made by the database
administrator which data must reside in the materialized mediator. All data is equally
available to a mediator using virtual views. Third, data returned through virtual views
is topical since data sources are accessed at query time. A materialized mediator must
consider the issue of the materialized data becoming out of date with respect to the
data sources. Finally, an additional advantage involves security, i.e., each query can
be considered independently from a security point of view.

4 Applying MIRO-Web to TIScover

To demonstrate the applicability of MIRO-Web to TIScover in the following two
different scenarios are presented, where some kind of agent assists the tourist in
querying heterogeneous tourism information sources in a transparent way. These
agents comprise an Event Agent and a Golf Agent and correspond to the Client Layer
of MIRO-Web as described in Section 3.1.

4.1 The Event Agent

A common case is that a tourist wants to find a hotel, which should be near some
event locations, such as an exhibition, a sporting event or a cultural event, e.g., a
musical or a movie. Furthermore, the weather forecast should be fine and the hotel
should cost less than a certain amount of money, issued in an arbitrary currency. To
specify such a request, the Event Agent provides a uniform graphical interface in
terms of a Java applet (cf. Fig. 2).

The Adapter Layer of MIRO-Web extracts the answer for this request out of
different heterogeneous data sources. First, information about hotels is extracted
directly out of the TIScover database. Second, information about actual events can be
found on different already existing web sites (cf, e.g., Wwww austria-
tourismat or ww. filmat or www events. at). Third, the weather
information is gathered via file transfer protocol in form of a structured file and
finally the exchange rates for calculating the requested currency is available in a
semi-structured format, namely as an email.
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Fig. 2. Event Agent User Interface

The basic join criteria for the query which is used by the Mediation Layer to
satisfy an information request is the name of the location. On the basis of this join
attribute information about the events can be joined with weather information and
hotel information. Finally the price can be calculated and converted by means of the
exchange rates and joined with the hotel information. Finally, the Client Layer, i.e.,
the Java applet presents the result of the information request in a uniform way at the
right side of the panel (cf. Fig. 2).

4.1 The Golf Agent

The Golf Agent represents a scenario, where among others, the services of a
geographical information system in terms of a route planner are integrated. In
particular, the Golf Agent allows a tourist to specify the kind of desired golf courses
in a detailed way as well as to define the maximal driving distance to the course (cf.
Fig. 3).

As result, the user gets a list of all golf courses taken from a web site providing all
golf courses in upper Austria (Www. gol f web. at ), as well as map, containing the
driving directions to each of the proposed golf courses. The latter information is
extracted from a German web site, providing online route plans.
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Fig. 3. Golf Agent User Interface

As in the case of the Event Agent, the join criteria for golf courses a driving
directions is again the location.

5 Lessons Learned and Future Work

This paper has illustrated the MIRO-Web approach and its application to
TIScover. In the course of applying MIRO-Web to TIScover, several interesting
issues have been encountered. It has been shown for example, that a lot of web server
providers are interested that their data is published not only on their own web sites,
but also on other web sites, thus facilitating the federation of web sources. However,
a major problem concerning the integration of the various sources is to find a
common join criteria for all of the sources. In most of our prototypical realizations,
the location or the zip code of a location has been used. One of the most severe
problems is the dependency on the web sources to be integrated. If the network is
down or slow or if the servers of the provider are even shut down the integration of
the data sources is in case of virtual mediation not possible. Furthermore, every time
the structure of a data source changes, the corresponding adapter has to be modified
too, constituting a maintenance effort which should not be underestimated.

Future work will be done primarily in the course of the follow up ESPRIT project
of MIRO-Web called XML-KM (XML-based Mediator for Knowledge Extraction
and Brokering). The goal of XML-KM which is strongly based on XML [21] is to
enhance the components and tools developed in the course of MIRO-Web 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 files and office
applications will be collected in data warehouses [6]. Using classical data mining
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tools, knowledge will be extracted out of the warehouses in the form of derived
information and rules. Through XML-based query tools, users will be able to
subscribe and receive personalized information in an appropriate format on various
devices including computers, mobile phones and faxes.
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