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Introduction

Esperonto is an IST project (www. esper ont 0. net ,
IST-2001-34373) whose objective is to bridge the gap
between current web technologies and the Semantic
Web (Fen 2003). The current web is aimed at human
consumption, and is ed on markup languages such as
HTML, which specify the page layout in order to render
it more appealing to human users. On the other hand,
the Semantic Web is intended to be used and under-
stood by software programs, and is based on new or rel-
atively new types of languages such as RDF(S) (Decker
et al. 2000), DAML+OIL (DAM ), and more recently
OWL (OWL).

This change in the user perspective is determined by
the increasing information overload which is character-
ising the information society (Maes 1994). More and
more often, when querying search engines, we are faced
by hundreds of documents which need to be at least
scanned through in order to determine whether they
are relevant to our needs, and search engines are strug-
gling to ensure the quality of retrieved results. More-
over, these result do not include dynamic web content,
such as the content generated by querying databases.
We therefore face the challenge of taming the huge
growth of the WWW by making use of novel retrieval
approaches that make use of other information in addi-
tio to simple keywords, information that concerns the
meaning, that is semantics, of the content of web pages.
In fact, Semantic Web (SW) pages store both human-
understandable content (the text composing the docu-
ment) together with an encoding of the semantics and
the structure of the digital content. The semantics and
the structure of digital content is represented by means
of ontologies (Studer, Benjamins, & Fensel 1998), which
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are explicit and machine sharable representations of the
conceptualisation abstracting a phenomenon.

Ontologies are represented in one of the aforemen-
tioned SW languages; these languages are all based on
XML and they provide different expressive capabilities.
Software agents are able to process the digital content,
and can thus offer services which make use of or re-
trieve this knowledge. The advantage of using soft-
ware agents comes from their intrinsic characteristics of
autonomy, proactiveness, and social ability which per-
mit them to carry out complex tasks on behalf of the
users (Wooldridge & Jennings 1995). This paper de-
scribes the approach we follow in the Esperonto project
to the retrieval of both static and dynamic content, and
we present it in the context of one of the test cases we
are using to prove the validity of our approach: scien-
tific discovery.

The Esperonto architecture

The Esperonto project (IST-2001-34373,
wwmv. esperont 0. net)  (Benjamins et al a)
started in September 2002 and explicitly aims to
bridge the gap between the current web and the SW.
In order to achieve this goal, Esperonto provides three
main type of knowledge services that we describe
below, relating them to the Esperonto architecture
shown in Figure 1 (Benjamins et al. b).

Content availability services: One of the main
challenges that research in the SW has to face is the
availability of SW content. In order to get this tech-
nology up to speed it is essential to make available web
pages in which the semantics of the text in natural lan-
guage is defined and made explicit in a machine pro-
cessable language. The amount of effort involved with
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Figure 1: The general architecture of the Esperonto
system

writing such pages is considerable, and some tools are
being developed to reduce the burden of annotating web
pages with semantic information. This effort is usually
related to writing new web pages, whose content is an-
notated while the page is written. In addition, many of
these tools focus only on static content and do not give
any provision for the annotation of dynamic content
generated from databases, which represent a consider-
able amount of the retrieved content. But restricting
only to new web content would mean discarding the
content represented in the current web: an unpractical
and anti-economical choice.

Esperonto tries to solve this problem by providing anno-
tation services to content providers in the form of tools
and techniques that enable them to publish their (ex-
isting and new) content on the SW, irrespective of their
native language. The content made available by the an-
notation services is used by software agents providing
the search and retrieval services described below, and
can be used to facilitate human access to the informa-
tion by means of visualisation and semantic navigation
tools.

Content availability services are provided by the SE-
Mantic Annotation Service Provider (SemASP) (Ben-
jamins et al. a) which has two main components: the
ontology repository service, which provides the ontol-
ogy services described below, and the wrapper services
which perform the annotation of different types of con-
tent. The SemASP in its totality provides a suite of
tools that are aimed at different types of users, and
which include manual annotation and semi-automatic
annotation of digital content, multilingual support in
the most common European languages, and ontology
services. The SemASP permits us to annotate static,
and dynamic content, multimedia content and even web
services.

A comparison with other annotation techniques pre-
sented in the literature can be found in Deliver-
able 2.1 (Esp a) downloadable from the Esperonto por-
tal (ww\. esper ont 0. net ).

Ontology services: Ontology services are provided
by the Ontology repository service component of the
SemASP. The services offered are those related with
the management and validation of multiple related
ontologies and/or multiple versions of the same on-
tology. They include an ontology editor suite (We-

bODE) (Arpirez et al. ) which facilitates ontology
construction, selection, and browsing, and translation
into the most common ontology and knowledge repre-
sentation languages such as, DAML+OIL, OWL, Pro-
log, and Jess. The suite supports consistency checking,
ontology versioning, and ontology maintenance. Knowl-
edge sharing among different user communities is also
supported, by means of ontology import, alignement
and mapping services.

A review on the state of the art of ontology services can
be found in Deliverable 1.1 (Esp b) downloadable from



the Esperonto portal (Www. esper ont 0. net ).

Search and retrieval services: Search and re-

trieval services are provided by the Semantic Routers,
a peer-to-peer multi-agent system that deals with user
queries. This component is responsible for query de-
composition, answering and aggregation. During the
process of query aggregation, the retrieved web pages
are also evaluated in order to avoid duplicate or incom-
plete data and to improve performance. The semantic
routers are based on the notion of semantic indexing of
the resources, where the web pages are indexed not on
the basis of the keywords identifying them, but on the
concepts corresponding to the meaning of the keywords.
The semantic indices are the mechanisms that permit
the routing of the queries to the competent agent on
a P2P basis. A simple query is initially routed to an
agent, which consults the indices to verify whether it
can answer the query. If the agent cannot answer the
query, or if it believes that the answer is incomplete, it
routes the query to the agent with the closest interests.
The decision about which agent has the closest inter-
ests is based on the evaluation of a measure of semantic
stmilarity between the concepts composing the indices,
which takes into account the ontological definition of
the concepts in terms of degree of similarity and degree
of differences (Tversky 1977; Rodriguez & Egenhofer
2002).
A literature review of the relevant efforts in the
area, of peer to peer systems and of informa-
tion retrieval is presented in the Esperonto Deliver-
able 4.1 (Esp ¢) downloadable from the Esperonto por-
tal (Wwww. esper ont 0. net ).

Scientific discovery

The technology proposed in the Esperonto architec-
ture will be demonstrated in a prototype that aims to
provide services to European citizens, exploring at the
same time innovative uses of available and novel tech-
nological solutions. One of the domains we will use as
a test case is scientific discovery.

The scientific domain offers a huge amout of infor-
mation in print as well as in electronic format. Usually,
this information is organised according to the structure
defined by indices, hyperlinks, database schemas, etc.
However, it is of crucial importance that scientific data
is not only stored correctly, but also that the new in-
formation related in ways that have not been explicitly
noted is stored, thus easing the process of scientific dis-
covery. Most of this information is contained in textual
sources, such as written reports, e-mail messages, jour-
nal articles, etc. Very few efforts have aimed to develop
techniques that search and make discoveries in these
textual resources.

Literature-based discovery methods aim to to dis-
cover new, and potentially meaningful relations be-
tween a given starting concept of interest and other con-
cepts, by means of mining bibliographic databases such
as Medline. The main principle behind literature-based
discovery is that new knowledge can be obtained as the
result of the combination of existing, though not con-
nected, bibliographic information results in new knowl-
edge. One publication may state the relationship be-
tween two phenomena A and B, while another reports
on the relationship between the phenomena B and C. If
no assciation has been reported between A and C, such
an association can be considered new and may be of sci-
entific interest. The crucial notion is this view is that
two pieces of information are not explicitly related, but
there is a hidden relation that needs to be discovered
and made explicit. Useful clues to discover the relation
might be one or more common aspects of the two pieces
that eventually provide indirect links.

There are a number of literature-based discovery
approaches (Swanson 1990; Gordon & Lindsay 1000;
Weeber 2001). They mainly describe the literature-
based discovery process as a two-step approach. In the
first step, a hypothesis is formulated, while in the sec-
ond step, this hypothesis is validated or tested by exten-
sive bibliographical analysis. The hypothesis-generated
approach is usually named as an open discovery mode,
whereas the testing approach as a closed discovery
mode. The main difference between the two approaches
concerns textual sources that are analysed. In the open
search, the literatures on a phenomenon and the links
that play a role in the phenomenon are studied in or-
der to find the elements which act on selected links. In
the closed search, textual sources concerning the phe-
nomenon and the related elements are studied in order
to find the links.

Scientific discovery in Esperonto

Research on how to perform scientific discovery in the
Esperonto project is still at an early stage, however we
can make here some observations on the role that the
knowledge services provided by the Esperonto architec-
ture play in the process of scientific discovery. We have
concentrated our attention on the domain of drug dis-
covery, and in particular, of drugs related to the cure of
rheumatoid arthritis (RA). The scientific discovery pro-
cess will need the following components: Corpus repos-
itory, Ontology services, Semantic Annotation, Search
and Retrieval.

Corpus repository: Corpus repository is the com-
ponent that manages textual resources. It provides the
typical functionalities of a repository, and perfoms lim-
ited consistency checking.



Ontology services: Biovista (who is the test case

provider and the knowledge expert for the medical do-
main) designed a disease-drug-anatomical location on-
tology, which focussed on RA, and that described this
disease in terms of the related diseases and their symp-
toms, the drugs that can treat it with their properties,
and the anatomical part which can be affected by a dis-
ease. The ontology was originally written in Protege-
2000 (Fridman Noy, Fergerson, & Musen ) and later
imported in WebODE by means of the import func-
tionality provided as part of the ontology services. The
ontology plays a central role in the scientific discovery
process, since it permits the annotation of the corpus in
the repository, but it also supports the analysis phase,
by means of the explicit representation of the relation-
ships existing between the concepts represented in the
ontology. Furthermore, the semantic router component
of the Esperonto architecture makes use of the ontology
to build the semantic indices and compute the seman-
tic similarity between the interests of the agents in the
architecture.
The ontology services must support the creation, main-
tenance, and browsing of the ontology (and its in-
stances) and must also ensure a required degree of qual-
ity.

Semantic Annotation: The SA component pro-
vides users with both manual and semi-automatic an-
notation services. It is able to identify the terms of
interest and relate them to the ontology by means of
correct relationships such as synonymy or partonomy.

Search and retrieval: This component pro-
vides the problem-solving functionalities to support
literature-based scientific discovery. Two main func-
tionalities are supported: query expansion and the
provision of multiple-link explanations. The semantic
router component, responsible for the search and re-
trieval functionalities, interacts with the users and with
the ontology repository (to build its indices and to find
related concepts). Query expansions are performed by
merging the relevant ontology with other existing tax-
onomies, such as UMLS and PubMed. Multiple-link
explanations is the ability to support a user query with
the relevant data in one or more steps, from initial query
formulation, down to the resources providing the final
data.

The semantic router component is also provided with
inference capabilities in order to attempt the formula-
tion of hypotheses related to the user query. Initally,
we will concentrate on candidate drugs for diseases, but
we aim to generalise the method for all kind of queries.
The semantic router reasons with the knowledge repre-
sented in the ontology in order to make explicit hidden
links between concepts.

Conclusion

We have presented in this paper some initial experiences
on scientific discovery in the context of the Esperonto
project. Esperonto aims to provide knowledge services
that can make it possible to bridge the gap between
the current web and the semantic web. One of the ap-
plications we have considered to prove the validity of
the tools we are currently building is that of literature-
based scientific discovery.
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