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The paper describes VIeWs, a system that combines ontologies, web-based in-
formation extraction, and automatic hyperlinking to enrich web documents with
additional relevant background information. The central idea behind VIeWs is
to demonstrate how web portals can be dynamically tailored to specia interest
groups by use of corresponding ontologies. As a particular use case we devel-
oped an application for the “saarland.de” web portal of the Saarland region in
Germany, which we present here in some detail. The paper describes the ideas
behind the system and the Saarland.de application and provides an overview of
the system architecture and components. Additionally, next to a comparison
with related work, also some discussion on end user aspects of the application
and its connection to the Semantic Web is given. It is argued that VIeWs is a
typical end user application that depends on ontologies as semantic models for
different scenarios, but that the need for Semantic Web technology beyond this
has not been proven yet.

1 Introduction

The central idea behind VieWs is to demonstrate how web portals can be dynami-
cally tailored to special interest groups by use of corresponding ontologies. For this
purpose, the VieWs system combines ontologies, web-based information extraction,
and automatic hyperlinking to enrich web documents with additional relevant back-
ground information, relative to particular ontologies selected by individual users.

The automatically generated hyperlinks are based on specific ontological “views’
on the web portal information, which allow for a high level definition of specific in-
terest topics. As a particular use case we developed an application for the “saar-
land.de” web portal of the Saarland region in Germany, which we present here in
some detail.

The paper is organized as follows: first in section 2 an overview of the VieWs saar-
land.de application will be described, followed by a brief description of the system
architecture and individual components in section 3, and in section 4 by a discussion
of end-user issues of the application described here as well as of related work.
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2 VieWson saarland.de

The “saarland.de” web portal! provides general information on events concerning
the local government and institutions. Additionally, sub-sections of the portal include
information on various broader topics, such as tourism (“tourismus.saarland.de”),
business (“wirtschaft.saarland.de”), etc.

The VIeWs saarland.de application automatically provides users with additional in-
formation that is specific to their interests (e.g. hotel information with indication of
price and location for tourists or information on the city council, representations of
political parties or similar for a local citizen) as derived from the saarland.de portal
itself (interlinking portal web pages) or from the web in general (interlinking portal
web pages with external information).

2.1 Scenarios

Two application scenarios have been defined and represented in ontologies reflect-
ing the profiles of user groups that correspond to these scenarios:

The Tourism scenario reflects a visit of the saarland.de web portal by someone who is
interested in tourism options of the Saarland region. The “Tourist” will be interested
to know about hotels, restaurants in any city mentioned on the pages of the web portal.
In the Tourism ontology this ‘view’ on saarland.de has been defined as follows: a city
has Cultura Institutes (Theatre, Cinema), Accommodations (Hotel, “Gasthof”), and
Gastronomy (Restaurant, “Konditorei”). These topics are defined in the ontology as
classes that are connected over attributes with the class “Stadt” (City). Additionally,
every class has attributes such as Location, Number of Rooms, Name, Address and
Homepage for the Accommodations class and its subclasses (Hotel, “ Gasthof™).

The Administration (“Verwaltung”) scenario reflects a visit of the saarland.de web
portal by alocal citizen who knows the cities in the region but may be interested in
specifics, such as administrative offices, political parties, etc. In the Administration
ontology this ‘view’ on saarland.de has been defined as follows: a city has a City Ad-
ministration, Organizations (Political Party, “Wirtschaftsverband”), and Council Of-
fices (“Arbeitsagentur”, " Standesamt”) In the ontology these topics again are defined
as classes that are connected with the class “Stadt”. Additionally, every class has at-
tributes such as Name, Address and Homepage for the Organizations class and its
subclasses (Palitical Party, “Wirtschaftsverband”).

1 http://www.saarland.de (see http://www.english.saarland.de/ for an English version - only
partial)
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2.2 Demonstrator

VieWs is a server side application that can be used with a standard web browser?,
which makes it transparent to the normal web user. The user simply browses the saar-
land.de web portal as normal, but is now being supported by the VieWs system that
adds additional information on the basis of a web-based search and from an automati-
cally extracted knowledge base and shows this over generated hyperlink structures.
The user can simply decide to follow the regular links or the generated links with
added information.

The new links include information from within the saarland.de domain, or also
from outside. Depending on the application scenario, this should be set by the user or
could be fixed by the system administrator. For instance, in the case of tourism it does
make sense to include also external web sites, e.g. hotel home pages. On the other
hand, in the case of information for the citizen it may be better to include only ‘con-
trolled’ information, i.e. only web pages from within the saarland.de domain. The
current demonstrator leaves this decision up to the user.

The VieWs entry page® for saarland.de enables the user to select their specific in-
terest, currently either “Tourismus’ (Tourism) or “Verwaltung” (Administration). By
selecting a preference the user automatically enters the VieWs system. From this point
on al navigation will be supported by the system according to the selected ontology
and, dependent on how the user entered (as a tourist or as a citizen), identified city
names will be hyperlinked with additional tourist- or administration-related topics and
web-based information.

2.3 VIeWson Tourism in saarland.de

For example, if the user entered as a “Tourist”, as shown in Figure 1 below, the
generated hyperlink structure shows web links to accommodation (e.g. hotels), dinner
options (e.g. restaurants) and cultural institutions (e.g. cinema, theatre) for each identi-
fied city name (of the Saarland region) on the page. The added information is included
through a Google-based web search for each recognized city name in combination
with keywords (“Hotel”, “Restaurant”, etc.) derived from the ontology class label
names.

For selected classes (e.g. hotels) additional information (e.g. address, indication of
size, location) is added as shown in Figure 2. This additional information has been
previously extracted from retrieved web pages. For this purpose each time a web
search has been executed, al retrieved URLSs are checked for existence in the knowl-
edge base. If the URL is not in the knowledge base, it will be send to the information
extraction component for further extraction of relevant, class-specific information.

The hyperlink structure is generated out of the corresponding ontology, i.e. from
the underlying RDF/S file. Over a separate window this structure can be inspected by
the user as shown in Figure 3.

2 The demonstrator has been optimized for Internet Explorer 6.x.
3 http://views.dfki.de
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Figure 3: User interaction with the Tourism Ontology

3 TheVIeWs System

VieWs is implemented as a web-based system and consists of several components
as shown in Figure 4 below. The user activates the system over the VieWs web inter-
face as discussed in section 2. The accessed web page is processed by extracting text
segments and sending these to the named-entity recognition component for the identi-
fication and markup of relevant hyperlink anchors (e.g. city names). For each combi-
nation of city name and keyword (“hotel”, “restaurant”, etc.) derived from the ontol-
ogy, a Google-based web search is started. The results of the web search and informa-
tion aready in the knowledge base is shown in the form of generated hyperlink menus
on each of the identified city names. Additionally, an information extraction processis
started in the background over the retrieved documents to extract additional relevant
information that will be stored in the knowledge base for future access.

The online part of the VIeWs system is written entirely in Java and consists of a
hyperlinking component (for generating hyperlink menus in JavaScript), the Google
API (for web search with ontology-based keywords), a web service interface with the
named-entity recognition component, a database connection with the knowledge base
and a crawling component (for downloading the web pages that were retrieved by the
web Google API).

The offline part of VIeWs consists of an independently developed information ex-
traction system (the same as used for the online named-entity recognition) and the
knowledge base.

The ontologies are an additional static resource that are used online (in building up
the hyperlinking menus) and offline (in information extraction).
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Figure4: VIeWs System Overview

3.1 Hyperlinking

The hyperlinking component takes the accessed web page and regenerates it with
the addition of JavaScript hyperlink menus for al identified anchors. The hyperlink
structure shows the five best results from Google for each ontology-based keyword
(i.e. ontology class name) with stored facts if available.

In this process the following information is integrated:

Identified hyperlink anchors — named-entity recognition with SProUT
Ontology structure — ontologies are parsed with Jena

Results of web search with Google — accessed with Google API
Stored facts from the knowledge base

3.2 Named-Entity Recognition

The named-entity component is based on SProUT#, a type-driven information ex-
traction tool that was developed at DFKI [Drozdzynski et al., 2004]. Anchors, e.g. city
names, are recognized on the basis of gazetteers and extraction rules over shallow
linguistic information (part-of-speech, morphological analysis). A rule in SproUT
consists of aregular expression over typed feature structures representing the recogni-
tion pattern, and a typed feature structure on the right-hand side that specifies posi-
tions and attributes of identified entitiesin an XML format (see also [Busemann et al.,
2003]).

4 More information on SProUT is available at http://sprout.dfki.de/
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3.3 Ontologies

Ontologies are defined using Protégé with export in RDF/S, which is accessed and
processed by the V1eWs system to generate a corresponding hyperlink menu in Java-
script. As described in section 2 above, each ontology defines a particular user sce-
nario that is organized around a central object class (e.g. cities), over which more
specific information objects are defined (e.g. city institutes or organizations). The
information structure that is defined in an ontology also guides the information extrac-
tion process for filling out the corresponding knowledge base (see also below).

3.4 Web Search

The VieWs system is a hyperlinking application that integrates information on one
web page with information from other web pages. For this purpose, a web crawler is
included that searches for relevant web pages, given a set of keywords that can be
derived from the ontology. The web crawler that we currently use is the Google AP,
but asit israther slow and not always reliable in terms of precision we are considering
the integration of other search engines (such as Yahoo) or the implementation of a
dedicated crawler for the Saarland region.

3.5 Information Extraction

The information extraction component is also based on SProUT and is used offline
to derive class-specific information from web pages. For instance, the address, loca-
tion description (e.g. “central”, “no traffic”, “near railway station”) or the number of
rooms for a hotel could be extracted from the hotel home page. The extracted informa-
tion is stored in the knowledge base and accessed if the corresponding URL of the
web page has been retrieved by the web search component. In this way, stored infor-
mation is only shown if the corresponding web page is till regarded as ‘relevant’ by

the web search component (i.e. Google currently).

3.6 Adapting VIeWsto Other Domains and Applications

The VieWs system has been designed to be adaptable to other scenarios, either
within the saarland.de application or in a completely new application context®. For this
purpose the following components should be adapted: an ontology should be defined
for the new scenario; a corresponding information extraction grammar should be de-
fined; additionally, if the ontology is defined around a different central object class
(i.e. different from “cities’ in the current implementation) then also the named-entity
recognition component should be adapted accordingly.

5 For instance, we are currently working on an application of Views for http://www.dfki.de
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4 End User Issuesand the Semantic Web

As shown by the examples in this paper, the VieWs system is a typical end user ap-
plication, in which any level of technological complexity should be kept fully trans-
parent. In this respect it is also irrelevant if the technology used in VieWs is based on
Semantic Web technology or not. The main goal is to satisfy user needs in accessing
relevant information at the right moment and in the right context.

Nevertheless, exactly this context is the central aspect of the VieWs application that
can be expressed by use of available Semantic Web standards and technology. The
user context, i.e. a user group profile such as “those web portal visitors interested in
tourism”, can be captured in an ontology defined for instance in RDF/S or OWL.
Extracted information can be stored in and accessed from a corresponding knowledge
base that can be based on Semantic Web technology, such as SESAME, Jena, etc.
Reasoning facilities can then also be easily added to the application, e.g. to integrate
class-specific semantic web services [Dzbor et al., 2004] or to derive further knowl-
edge by use of rules or axioms.

On the other hand, it is also true that VIeWs in its current form can be implemented
without a complete use of Semantic Web standards and tools. Relational databases
and other standard technology are equally capable of providing the current functional -
ity of the VIeWs application. Although reasoning capabilities cannot be offered, the
use case for these has not been established yet. At the same time, web-based search is
central to VIewWswhich obvioudly is aso not Semantic Web based.

In summary, semantic context models such as user profiles and associated knowl-
edge bases seem to provide an application scenario for Semantic Web standards and
technologiesin the VIeWs context, but the use case for this needs still to be proven.

5 Reated Work

Related work to VIeWs exists in various respects, i.e. on the level of semantic-
based indexing and hyperlinking (e.g. [Pustejovsky et al., 1997], [Carr et a., 2001],
[Dill et a., 2003]), information extraction and hyperlinking (e.g. [Busemann et a.,
2003], [Popov et d., 2003], [Basili et a., 2004]), and ontologies as user models - in
hyperlinking (e.g. [Maedche et al., 2002]).

In general however, VIeWsis most similar to Magpie [Dzbor et al., 2003] although
it seems also complementary in some respect. In particular, VieWs integrates an
online web search functionality, which makes it very flexible in the kind of informa-
tion it is able to show. Magpie on the other hand has access only to an underlying
static knowledge base. Secondly, VieWs includes an information extraction compo-
nent that is fully integrated in the automatic processing of retrieved web pages and
knowledge base extension and updating. It is not clear if information extraction has
been similarly completely integrated with Magpie. Finaly, VIeWs can handle most
web page formats and seems therefore more robust in real-life applications than Mag-

pie.
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6 Conclusions

We presented the VieWs system and its application in the context of the saar-
land.de web portal. The system consists of clearly defined and efficiently integrated
components for web search, information extraction and hyperlinking and has been
designed in such a way that it can be readily adapted to other application scenarios
and domains.

VieWs can be seen as a Semantic Web application as it uses related standards such
as RDF/S and tools such as Jena. On the other hand, the core functionality of Semantic
Web applications, reasoning and inference, has not been integrated as the use case for
this functionality has not been proven yet. In future work, we will concentrate on iden-
tifying the use case for reasoning and inference in the context of real-life applications,
such as the saarland.de scenarios described here.
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