
Abstract 
In this paper we report results obtained by using 
the XeOML mapping language to harmonize two 
ontologies developed as a support for a multilin-
gual, distributed question answering system for 
two university domains. The test bed has al-
lowed us to test the various possibilities offered 
by the language to express simple and complex 
mappings that reflect different levels of similari-
ties between classes and properties of the two 
ontologies. Inference rules were also created to 
expand the coverage of the initial manually de-
fined mapping document. The non-trivial nature 
of the study is backed up by overall quantitative 
information on the nature of the mapping re-
source produced. 

2 The MOSES Scenario 
Our approach to ontology mapping has being developed 
in the context of the EU project MOSES  IST-2001-
37244. The project’s overall objective was to develop an 
ontology-based methodology to create, maintain, search 
and adapt semantically structured Web contents in a fed-
eration of sites (Atzeni et al, 2004) (Paggio et al. 2004).  
 As a test bed the project has produced  an agent-based 
knowledge management system and an ontology-based 
search engine that accept questions and produce answers 
in natural language for the Web sites of the two European 
universities of Roma Tre and Copenhagen. The specific 
purpose of ontology mapping is to support question an-
swering across the two nodes, each of which is equipped 
with its own domain model.  
 In this scenario, a user submits questions to the system 
from one of the two sites in the language pertaining to 
this site, and indicates whether the question is to be in-
terpreted as a single-node one – to be processed locally – 
or a federated one. In the case of a federated question, 
access to all the nodes in the federation is supported. Af-
ter having analyzed the input by means  of a local lin-
guistic analyzer, the local content agent issues a mapping 

request to the agents responsible for the remote nodes to 
get the query mapped onto the remote ontologies and 
processed by the remote content agents. The content re-
trieved from the remote nodes is then combined with the 
relevant local content and presented to the user, e.g. as 
shown – in English for readability’s sake – below. 
 
Q: Who teaches history?  
The following answers are found on the KU site: 
“Lars Hansen underviser i historie”  
The following answers are found on the ROMA III site: 
“Paolo Rossi insegna storia dell’arte” 

2.1 MOSES Ontolog ies  
The ontologies underlying the Danish and Italian nodes 
of the MOSES test bed build on the “university ontol-
ogy” from the DAML-OIL ontology library. Several 
changes and extensions were necessary to cover the two 
university sub-systems and to adapt the ontologies to the 
OWL implementation of the Topic Maps formalism (Gar-
shol, 2003) used by the MOSES content management 
system. Instances have been created by the project’s user 
groups by downloading them from existing databases or 
manually extracting data from the Web pages.  

Having to deal with two separate ontologies for the 
same domain poses several challenges. Firstly, classes 
and relations in the two ontologies are labeled in differ-
ent languages. Secondly, there are structural differences: 
not all the nodes in one ontology are represented also in 
the other and vice-versa; moreover, domain relations are 
treated differently. In the Italian ontology, all relations 
are binary in keeping with the original DAML-OIL 
model, whereas the Danish ontology makes use of n-ary 
relations in the spirit of the Topic Maps formalism. Fi-
nally, even when a mapping can reasonably be defined 
between classes and properties of the two ontologies, this 
may be at the cost of hiding differences intrinsic to the 
cultural and social aspects of the two academic worlds. 
Thus to map instances that appear only superficially 
similar, the set-oriented semantics of OWL mapping 
primitives had to be extended.  
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3 Mapping the ontologies 
The mapping between the two ontologies has been ex-
pressed using XeOML (Pazienza et al., 2004), a language 
for ontology mappings which has been developed at the 
University of Rome, Tor Vergata. 

The principle beyond XeOML is to define a layered 
view in which the complex logical-algebraic aspects of 
the ontology mapping task coexist (but are neatly sepa-
rated) with the semantics describing the nature and qual-
ity of the identified correspondences. In XeOML a neu-
tral ontology structure is adopted to achieve interopera-
bility between different representation languages all of 
which share an object oriented approach to knowledge 
modeling.  This approach allows for a mediation activity 
between independent agents, since each agent needs only 
know about the knowledge model adopted to express the 
ontological resource without necessarily understanding 
the model owned by the interlocutor. 

Mappings are conceptually divided into two catego-
ries: Simple Mappings, which define one-to-one relations 
between ontology elements of the same type, and Com-
plex Mappings, which link heterogeneous objects. Com-
plex mappings vary in the nature of the concepts in-
volved and in the operations they apply over them, e.g.:  

• restrictions on classes/associations applied to the 
range of their attributes 

• aggregations (on an extensional basis) of multiple 
classes/associations 

• transformations between heterogeneous object 
structures: properties into relations (reified 
through use of classes and properties), classes into 
instances. 

• join of relations upon common roles 
In addition, it is possible to express  similarity between 
different mapped conceptual structures. For instance, 
there is no direct equivalent of the Italian class Profes-
sore Associato in the Danish ontology. However to 
answer a federated question involving this notion, the 
system should resort to the Danish class Lektor, which 
describes a similar type of position in the Danish aca-
demic career. The mapping cannot be expressed through 
an OWL same-as primitive, as this is not a problem of 
translation between two identical objects. Furthermore, 
the fact that a similar rather than equivalent concept has 
been used should be reported to the user. 

1.2 XeOML reasoning 
Our approach to ontology mapping aims at reducing the 
cost related to manual production of the mapping rela-
tions. Inference rules for deriving relations which are not 
explicitly mentioned in an MD (mapping document) have 
thus been defined. This reasoning is limited to the infor-
mation asserted in the MD, while resolution of complex 
expressions related to the two domains is delegated to 
local reasoners, in the spirit of a modular and distributed 
environment. 
Table 1 expresses some quantitative information on the 
resulting mapping experiment, reporting – for each cate-
gory of ontological elements – the number of objects 
which are present in each of the two ontologies (Source 
column), the number of elements which needed to be 
made explicit in the mapping document (MD), the num-
ber of objects which can be mapped by retrieving bags of 
more/less specific concepts from the other ontology (D-
Imp, A-Imp), and the total number of concepts retrieved 
through reasoning on documented mappings (Imp). 
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 Italian Ontology  Danish Ontology 
 Source MD D-Imp A-Imp Imp  Source MD D-Imp A-Imp Imp 

Classes (Subject) 94 50 55 86 89  152 54 67 146 147 
Classes (Document) 48 17 19 27 29  22 17 17 20 20 
Classes (Relations) 47 24 X X X  36 18 X X X 
ObjectProperties 95 52 X X X  58 37 X X X 

DatatypeProperties 18 4 X X X  10 3 X X X 

Table 1: Statistics of the MOSES mapping 


