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Abstract. The current web is composed mostly of a great amount of
hyperlinked (X)HTML documents. Searching such a large information
space or even small part of it can be quite a difficult task, since (X)HTML
is not a machine-understandable format and the keyword search has
many limits.

The semantic web was developed to overcome these disadvantages by
adding machine-understandable metadata to web documents, so that
computers can ”"understand” the meaning of information. According to
this idea the web information can be processed automatically, which en-
ables deployment of semantic information retrieval, automatic knowledge
sharing or intelligent agents.

In this paper we describe a system that enables a semantic web search
in a hyperspace annotated by semantic web metadata. We discuss both
sides of the the system - the automatic annotation of existing web re-
sources and the semantic search engine.

1 Introduction

Current web information retrieval is based on the keyword search that has many
well known limitations. The reason is that most of web documents are in human-
oriented formats (HTML, PDF, RTF etc.), which are suitable for the presenta-
tion, but machines cannot understand the meaning of published information.
The semantic web technologies (RDF[2] and OWL[4]) are capable to describe a
meaning of web page information in a machine-understandable way. The seman-
tic web [1] is meant to be an extension of the current web, in which existing web
documents are annotated by machine-understandable metadata. Concerning the
domain of an information retrieval, such an extension means the web documents
could be searched according to the meaning of their content. That means a search
engine would ”understand” documents on the annotated web and could find all
web pages, where ”the person working on project X” is mentioned.

However, these possibilities are not used yet. Though the semantic web stan-
dards are already deployed, the web is still not annotated by metadata. The
metadata generation and processing are still topics of a research.

In this paper we describe the infrastructure that should enable a semantic search
in a particular web space. This work has two steps. In the first step the exist-
ing web resources have been annotated by metadata so that every relevant web
document is described also by the machine-understandable information. In the
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second step the search engine was built. This search engine crawls both HTML
pages and RDF documents. Aggregated data are indexed and stored in a knowl-
edge base, which is queried by the end-user by means of the simple web interface
with the semantic search capability.

All these issues are detailed in the following sections.

2 Dynamic web page annotation

When creating metadata, we suppose the following scenario: there is a web pre-
sentation, which is grounded on data from a relational database. The semantic
web metadata should be created to extend existing web resources, but the ex-
isting web application should not be changed very much.

In our annotation model the maintainer of existing web presentation is responsi-
ble for the generation of metadata. The metadata in RDF format are generated
from the same database as HTML web pages. For every relevant HTML page
one RDF document is generated with the same information content, then these
two representations of the same concept are joined together by hyperlinks.

To enable such a generation of metadata we implemented a system called META-
morphoses, described in [5]. This system is able to map a database schema into
an ontology structure and generate RDF metadata according to this mapping
directly from a database.

The process of annotation is following: first an ontology for the knowledge do-
main is designed, then the mapping from database schema to this ontology is
created and finally RDF documents can be produced. These documents are pub-
lished by means of HTTP protocol with the result that every RDF document
has its own URL. When referencing this RDF from corresponding HTML page,
we use special hyperlink designed for this purpose:

<link rel="meta" type="application/rdf+xml"
href="sewebis/person.rdf ?username=svihlml" />

The architecture of such semantic web extension of classical web application is
depicted on figure 1.

3 Crawling web domain

To fetch web content into the search engine index we created two different
crawlers, one for crawling the HTML pages and another one for RDF meta-
data.

These agents cooperate asynchronously. The former crawls HTML pages in a
specified domain and searches for hyperlink references to RDF documents. These
references are passed to the RDF crawler, the content of HTML pages is not
stored.

The RDF crawler is designed to collect the metadata. A basic set of URLs is
provided by the HTML crawler, but not all RDF documents must be referenced
from HTML. An RDF document can also be referenced from another RDF doc-
ument (RDFS properties rdfs:seeAlso and rdfs:isDefinedBy), so that RDF
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Fig. 1. METAmorphoses extends a dynamic web site
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agent must also follow these links in order to build a knowledge base. This con-
stitutes defintely an added value as the machine-understandable nature of the
metadata allows agents to decide which links to follow according to the mean-
ing of the information. We did not explore these possibilities yet, but our work
constitutes a very good environment for research of intelligent agents on the
semantic web and we plan to use it in the near future.

4 Building search engine index

All collected RDF documents are indexed and stored in the knowledge base of
the search engine. An index is built so that for every RDF statement in the
knowledge base it is possible to track a particular HTML page, which contains
an information from the statement.

An RDF document is a set of RDF statements and every statement (T - triple)
consists of subject (s), predicate (p) and object (0):

T = (s p, o)

To store statements we use the RDF storage system YARS [3], which enables us
to mark every triple by a string. We use the URL of the RDF document (rdf-url)
that contains the marked triple for this purpose. Result is a 4-tuple:

T=(s, p, o, rdf-url)

Moreover, to store the information about HTML-to-RDF references another in-
dex was created, which is set of ordered pairs [rdf-url, html_url].

Additionally, we store in the knowledge base a set of ontology classes and
properties that are used in fetched RDF.
All these data are used later in the semantic search.
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5 Semantic web search

On the top of the knowledge base we built a web-based user interface (figure
2). When an end-user searches for a particular web page, he or she queries the
knowledge base by a meaningful query, which is a simple sentence consisting of
subject, predicate and object. A subject and a predicate can be selected from the
list of ontology classes and properties in the knowledge base, objects can be only
a literal now. An answer for this query is found in metadata, but according to
the index structure the search engine is able to assert which web documents are
annotated by these particular metadata. Final search result contains not only
found RDF statements (in a human-readable format), but also a list of links to
classical web resources, as it is common in normal search engines.

This way the end-user searches HTML pages by means of metadata.

Fig. 2. Semantic search engine user interface
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6 Conclusion and Future Work

In this short paper we described the system that enables a semantic search in a
semantically annotated web domain - both web annotation and semantic search
engine were discussed.

Though our research is still a work-in-progress, we also deployed the first test-
ing system. We annotated the web information system of the Department of
Computer Science at Czech Technical University! and we implemented a simple

! http://webing.felk.cvut.cz/sewebis/



search engine that semantically searches this web portal. The annotated hyper-
space contains over 200 HTML pages about people, publications, projects or
courses and we have up to a million statements in our RDF knowledge base.
The semantic search user interface is very simple now, but it can be used as a
proof-of-concept for the idea of semantic information retrieval.

In the near future we want to improve our search engine so that the more com-
plex semantic queries were possible. We also plan to improve the index structure
and examine the combination of semantic search with classical full-text search
of HTML resources.

However, the deployed infrastructure is meant mainly as a base for a further
work. Main topics of our next research are merging of various information re-
sources on the web, automatic knowledge interchange and semantic intelligent
agents.
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