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A Semantic Search Engine for the International Relation Sector
Luis Rodrigo-Aguado, V. Richard Benjamins,  Jesús Contreras-Cino, Diego-Javier Patón-Villahermosa,  David

Navarro-Arnao, Robert Salla-Figuerol, Mercedes Blázquez-Cívico, Pilar Tena-García, and Isabel Martos-Laborde

The Royal Institute Elcano (Real Instituto Elcano, RIE) is a prestigious independent political Spanish institute whose mission is
to comment on the geo-political situation in the world focusing on its relation to Spain. As part of its dissemination strategy it
operates a public website. In this paper we present and evaluate the application of a semantic search engine to improve access
to the Institute’s informational content: instead of retrieving documents based on user queries of keywords, the system accepts
queries in natural language and returns answers rather than links to documents. Topics that will be discussed include ontology
construction, automatic ontology population, semantic access through and a natural language interface.

Keywords: Knowledge Acquisition, Ontology, Ques-
tion Answering, Semantic Search.

1 Introduction
Worldwide there are several prestigious institutes that

comment on the geo-political situation in the world, such
as the UK's Royal Institute for International Affairs, <http:/
/ www.riia.org>, or the Dutch Institute for International
Relations, <http:// www.clingendael.nl>. In Spain, the Real
Instituto Elcano (Royal Institute Elcano, RIE, <http://
www.realinstitutoelcano.org>) fulfils  this role. The insti-
tute provides several types of written reports which discuss
the political situation in the world, with a focus on events
relevant for Spain. The reports are organized into different
categories, such as Economy, Defense, Society, Middle East,
etc. In a special periodic report - the "Barometer of the Royal
Institute Elcano" - the Institute comments on how the rest
of the world views Spain in the political arena. Access to
the content is provided by categorical navigation and a tra-
ditional full text search engine. While full text search en-
gines are helpful instruments for information retrieval
(<http://www.google.com> is the champion), in domains
where relations are important, those techniques fall short.
For instance, a keyword-based search engine will have a
hard time finding the answer to a question such as: "Gov-
ernments of which countries have a favorable attitude to-
ward the US-led armed intervention in Iraq?" since the crux
of answering this question resides in 'understanding' the
relation "has-favourable-attitude-toward".

In this paper we present a semantic search engine that
accepts natural language questions to access content pro-
duced by the Institute. Semantic in this context means re-
lated to the domain of International Relations (politics).

2 An Ontology of International Affairs
When searching for a particular datum, looking for a

concrete answer to a precise question, a standard search
engine that retrieves documents based on matching key-
words falls short. First of all, it does not satisfy the primary
need of the user, which is finding a well-defined data, and
provides a collection of documents that the user must ex-
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amine, looking for the desired information. Also, not all of
the retrieved documents might contain the appropriate an-
swer, and some of the documents that do contain it may not
be included in the collection. These drawbacks suggest the
need for  a change in the search paradigm, evolving from
the extraction of whole documents to the information con-
tained in those documents. This approach, however, is not
feasible in all conditions. It is not cost justifiable  to build
such a search engine for general usage, but can be justified
for limited, well-defined domains. Such is the semantic
search engine developed for the Real Instituto Elcano, which
focuses on the topics covered by the reports written by the
institute analysts i.e. international politics.

In order to be able to analyse the documents, and reach
sufficient 'understanding' of them to be able to answer the
users' questions, the system relies on a representation of the
main concepts, their properties and the relations among them
in the form of an ontology. This ontology provides the sys-
tem with the necessary knowledge to understand the ques-
tions of the users, provide the answers, and associate with
them  a set of documents that mention the concept of the
answer. Based on the ontology, each document gets its rel-
evant concepts annotated and linked to the representing
concept or instance in the ontology, allowing a user to
browse from a document to the information of a concept he
is interested in, and backwards, from the ontology to any of
the reports that mention that concept.

2.1 Ontology Design
An ontology is a shared and common understanding of

some domain that can be communicated across people and
computers [6][7][3][8]. Ontologies can therefore be shared
and reused among different applications [5]. An ontology
can be defined as a formal, explicit specification of a shared
conceptualization [6][3]. 'Conceptualization' refers to an
abstract model of some phenomenon in the world by hav-
ing identified the relevant concepts of that phenomenon.
'Explicit' means that the type of concepts used, and the con-
straints on their use are explicitly defined. 'Formal' refers to
the fact that the ontology should be machine-readable.
'Shared' reflects the notion that an ontology captures con-
sensual knowledge, that is, it is not private to some indi-
vidual, but accepted by a group. An ontology describes the
subject matter using the notions of concepts, instances, re-
lations, functions, and axioms. Concepts in the ontology
are organized in taxonomies through which inheritance
mechanisms can be applied. It is our experience that build-
ing a commonly agreed ontology is not easy,  especially the
social part [2].

Based on interviews with experts of the Elcano Insti-
tute, we used the CIA world factbook, <http://www.cia.gov/
cia/publications/factbook/>, as the basis for the design of
the ontology of International Affairs. The CIA fact book is
a large online repository with actual information on most
countries of the world, along with relevant information in
the fields of geography, politics, society, economics, etc.

We have used the competency questions approach [10]
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Figure 1: Ontology for International Affairs.

Ontology population from unstructured sources can be
considered as the problem of extracting information from
the source, its assignation to the appropriate location in the
ontology, and finally, its coherent insertion in the ontology.
The first part deals with the information extraction and docu-
ment interpretation issues. The second part deals with the
information annotation, in the sense of adding semantics to
the extracted information, according to domain information
and pre-existing strategies. The last part is in charge of popu-
lating, i.e., inserting and consolidating the extracted knowl-
edge into the domain ontology. The three phases can be seen
in the architecture of the system, illustrated in Figure 2.

3.1 Information Extraction
The KP system at present handles HTML (HyperText

Markup Language) pages, and there are plans to extend it
to handle also PDF (Portable Document Format), RTF (Rich
Text Format), and some other popular formats.

To be able to capture as much information as possible
from the source document, KP analyzes it using four differ-
ent processors, each one focusing on a different aspect: the
plain text processor, the layout processor, the HTML source
processor and the natural language processor.

The plain text source interpretation supports the usage
of regular expressions matching techniques. The usage of
these kinds of expressions constitutes an easy way of re-
trieving data in the case of stable, well known pages. If the
page suffers frequent changes the regular expression be-
comes useless.

It is very common that even when documents of the same
domain have very similar visual aspect they have a com-
pletely different internal code structure. Most of the online

to determine the scope and granularity of the domain ontol-
ogy. The ontology consists of several top level classes, some
of which are:

Place: concept representing geographical places such
as countries, cities, buildings, etc.

Agent: concept taken from WordNet [11] represent-
ing entities that can execute actions modifying the domain
(e.g.: Persons, Organizations, etc.).

Events: time expressions and events.
Relations: common class for any kind of relations

between concepts.
Without instances information, the ontology contains

about 85 concepts and 335 attributes (slots, properties). The
ontology has been constructed using Protégé [9]. Figure 1
shows a fragment of the ontology in Protégé.

3 Automatic Annotation
One of the challenges for the success of the Semantic Web

is the availability of a critical mass of semantic content [17].
Semantic annotation tools play a crucial role in upgrading the
actual web content into semantic content that can be exploited
by semantic applications. In this context we developed the
Knowledge Parser © (KP), a system able to extract data from
online sources populating specific domain ontologies, adding
new or modifying existing knowledge facts or instances. The
Semantic Web community often calls this process semantic
annotation (or just annotation).

The Knowledge Parser offers a software platform that
combines different technologies for information extraction,
driven by extraction strategies that allow the optimal tech-
nology combination application to each source type based
on the domain ontology definition. 
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banks offer a position page where all the personal accounts
and their balance are shown. These pages have very similar
visual aspect, but their source code is completely different.
The KP system includes layout interpretation of HTML
sources, which allows to determine if certain pieces of in-
formation are visually ABOVE, UNDER, RIGHT, LEFT,
IN_ROW, IN_COLUMN, IN_ROW RIGHT;… of another
piece of information.

In addition to HTML rendering of the source code in a
visual model, the KP system needs to process the HTML
elements in order to browse through the sources. The source
description may include a statement that some information
is a valid HTML link (e.g., a country name in a geopolitical
portal), and when activated takes one to another document
(a country description).

Finally, the fourth model tries to retrieve information
from the texts present in the HTML pages. To do that, the
user describes the pieces he is interested in in terms of lin-
guistic properties and the relations among them (verbal or
nominal phrases, coordinations, conjunctions, appositions,
etc.).

3.2 Information Annotation
Once the document is parsed using different and com-

plementary paradigms, the next challenge is to assign the
extracted information piece to the correct place in the do-
main ontology. This task is called annotation, since it is
equivalent to wrapping up the information piece with the
corresponding tag from the ontology schema.

In most cases the annotation of information is not di-
rect. For instance, a numeric data extracted from the de-
scription of a country can be catalogued as the country popu-
lation, its land area, or its number of unemployed. It is nec-
essary to have some extra information that facilitates re-
ducing this ambiguity. This information, formulated in an-
other model, enlarges the domain ontology with background
knowledge, the same way a  human uses for its understand-
ing. The extraction system needs to know, for example, that
in online banking the account balance usually appears in
the same visual row as the account number, or that it is usu-
ally preceded by a currency symbol. This kind of informa-
tion describing the pieces of information expected in the
source and the relations among them is formalized in a, so

called, wrapping ontology. This ontology supports the an-
notation process holding information describing the follow-
ing elements: document types, information pieces and rela-
tions among the pieces (any kind of relation detectable by
the text, layout, HTML or NLP -  Natural Language Process-
ing - models).

According to the domain ontology and the background
information added, the system should construct possible
assignments from the information extracted to the ontology
schema. The result of this process is a set of hypotheses
about data included in the source and their correspondence
with the concepts, properties and relations in the domain
ontology. During the construction process the system can
evaluate how much the extracted information fits the infor-
mation description.

The different ways in which hypotheses can be gener-
ated and evaluated are called strategies. Strategies are
pluggable modules that, according to the source descrip-
tion, invoke operators. In the current version of the system
there are two possible strategies available. For system us-
ages where the response time is critical we use the greedy
strategy. This strategy produces only one hypothesis per
processed document using heuristics to solve possible am-
biguities in data identification. On the other hand, when
quality of annotation is a priority and requirements on re-
sponse time are less important, we use a backtracking strat-
egy. This strategy produces a whole set of hypothesis to be
evaluated and populated into the domain ontology.

3.3 International Affairs Ontology Population
Using the Knowledge Parser system, we populated the

ontology of international affairs, designed as described in
Section 2.1. The domain experts selected four sources where
they could find most of the information that they used on
their daily basis. These four sources are:

CIA World Factbook, <http://www.cia.gov/cia/publi-
cations/factbook/>.

Nationmaster, <http://www.nationmaster.com>.
Cidob, <http://www.cidob.org/bios/castellano/indices/

indices.htm>.
International Policy Institute for Counter-Terrorism,

<http://www.ict.org.il>.
The set of sources is, of course, not exhaustive, but it

Figure 2: Architecture of The System.
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tries to follow the 80-20 rule, where a few sites cover most
of the knowledge needed by the users of the system.

For each of the sites, a wrapping ontology was devel-
oped, describing the data contained in it, the way to detect
it and the relations among them. The development of these
kinds of descriptive ontologies is at present done by experi-
enced knowledge engineers, but future advances will be
designed to develop some kind of tools that will allow the
domain experts to describe a new source and populate the
ontology with its contents themselves.

As a result of this process, we evolved from an empty
ontology to an ontology with more than 60,000 facts, occu-
pying more than 20 MB of RDF files.

4 The International Relations Portal
Modeling the domain in the form of an ontology is one

of the most difficult and time consuming tasks in develop-
ing a semantic application, but an ontology itself is just a
way of representing information, it provides no added value
for the user. What becomes really interesting for the user is
the kind of applications (or features inside an application)
that an ontology allows.

In the following, we will describe how we have exploited
the semantic domain description, in the form of enhanced
browsing of the already existing reports, and a semantic
search engine integrated in the international relations por-
tal, interconnected between them.

4.1 Establishing Links between Ontology Instances
and Elcano Documents

The portal holds two different representations of the
same knowledge, the written reports from the institute ana-
lysts and the domain ontology, which are mutually inde-
pendent. However, one representation can enrich the other,
and vice versa. For example, an analyst looking for the Gross

Domestic Product (GDP) of a certain country may also be
interested in reading some of the reports where this figure
is mentioned, and, in the same way, someone who is read-
ing an analysis about the situation in Latin America may
want to find out the political parties present in the countries
of the region.

Trying to satisfy these interests, we inserted links be-
tween the instances in the ontology and the documents of
the Institute. The links are established in both directions.
Each concept in the ontology has links to the documents
that mention it, and each document has links that connect
the concepts mentioned in the article with the correspond-
ing concepts in the ontology. This way, the user can make a
question (for example, "Who is the USA president?") and
gets the information of the instance in the ontology corre-
sponding to George Bush. From this screen, he can follow
the links to any of the instances appearing in the text, George
Bush being one of them. This process can be seen in Figure
4, where the information about George Bush in the ontol-
ogy contains a set of links, and the document seen can be
reached following one of them.

To generate these links a batch process is launched that
generates, at the same time, both the links in the ontology
and the links in the articles.

At present, the process of adding links is a batch proc-
ess that opens a document, and looks for appearances of the
name of any of the instances of the ontology in that text.
For any matching, it adds a link in the text to the instance in
the ontology and link in the ontology with a pointer to the
text. To evaluate the matching, not only the exact name of
the instance is used, but also the possible synonyms, con-
tained in an external thesaurus, which can be easily extended
by any user, i.e., the domain expert.

Future plans include the automation of this task, so that
any new document in the system (the institute constantly
produces new reports) is processed automatically by the link
generator tool and the new links are transparently included
in the system.

4.2 The Semantic Search Engine
With the objective of making available the knowledge

contained in the ontology in a comfortable, easy to use fash-
ion, we also designed a semantic search engine. Using this
engine, users can ask in natural language (Spanish, in this
case) for a concrete data, and the system retrieves the data
from the ontology and presents the results to the user.

5 Related Work
Our Knowledge Parser is related to several other initia-

tives in the area of automatic annotation for the Semantic
Web, including KIM [12], which is based on GATE [13],
Annotea [14] of W3C., Amilcare [15] of the UK Open Uni-
versity (also based on GATE), and AeroDAML [16]. For an
overview of those approaches and others, see [4]. All ap-
proaches use NLP as an important factor to extract seman-
tic information. Our approach is innovative in the sense that
it combines four different techniques for Information Ex-

Figure 3: Domain Ontology Population Process.
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traction in a generic, scalable and open architecture. The
state of the art of most of these approaches is still not ma-
ture enough (few commercial deployments) to provide con-
crete comparison in terms of performance and memory re-
quirements.

6 Conclusions
A semantic search engine for a closed domain was pre-

sented. The figures of the evaluation are promising, as more
than 60% of the spontaneous questions are understood and
correctly answered when they belong to the application
domain. However, some things need to improve, such as
the automatic link generation, a more flexible mechanism
for building queries, an automated process to generate com-
plete synonym files from linguistic resources, just to men-
tion a few.. It would also be of a high interest to completely
decouple the search engine from the domain information,
which are currently lightly connected, in order to be able to
apply the semantic search engine to a new domain just by
replacing the domain ontology and the synonyms files.

The semantic search engine is, at the same time, a proof
of the utility and applicability of the Knowledge Parser ©
which will also be further developed in future projects.
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