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2. Overall Objectives
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adaptation, ontologies, ontology alignment, property preservation, semantic web, semantics of knowledge
representation, semiotics.

We assume that expressing formalised knowledge on a computer is useful, not especially for the need of the
computer, but for communication. In future information systems, formalised knowledge will be massively
exchanged. Exmo’s goal is the development of theoretical and software tools for enabling interoperability in
formalised knowledge exchange. Exmo contributes to an emerging field called the semantic web which blends
the communication capabilities of the web with knowledge representation.

However, there is no reason why this knowledge should be expressed in a single format or by reference to a
single vocabulary (or ontology). In order to interoperate, these representations will have to be matched and
transformed. Moreover, in the communication process computers can add value to their memory and medium
role by formatting, filtering, classifying, consistency checking or generalising knowledge.

We currently build on our experience of alignments as representing the relationships between two ontologies
on the semantic web. Ontology alignments express correspondences between entities in two ontologies. They
allow maximising sharing on the semantic web: various algorithms can produce alignments and various uses
can be made of these alignments. Such alignments can be used for generating knowledge transformations (or
any other kind of mediators) that will be used for interoperating. In order to guarantee properties of these
transformations, we can consider the properties of alignments and generate transformations preserving them.

Our current roadmap focusses on the design of an alignment infrastructure and on the investigation of
alignment properties (and especially semantic properties) when they are used for reconciling ontologies.

On a longer term, we want to explore "semiotic" properties, i.e., properties which concern the interpretation of
the communicated representation by a human user. This goal should require an analysis of the extra-semantic
rules that govern the choice of subsets of models.

Anticipated applications are in transformation system engineering (in which the information system is seen as
a transformation flow) and semantic web infrastructure.
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2.2. Highlights of the year
Jérôme Euzenat, from INRIA project-team Exmo, and Pavel Shvaiko have written the first comprehensive
reference book on Ontology matching: the art of finding relations between ontologies. The book presents
currently available work in a uniform framework by providing a detailed account of matching techniques
and matching systems in a systematic way from theoretical, practical and application perspectives. For more:
http://book.ontologymatching.org.

3. Scientific Foundations

3.1. Knowledge representation semantics
We usually work with semantically defined knowledge representation languages (like description logics [31],
conceptual graphs and object-based languages). Their semantics is usually defined within model theory
initially developed for logics. The languages dedicated to the semantic web (RDF and OWL) follow that
approach. RDF is a knowledge representation language dedicated to the annotation of resources within the
framework of the semantic web. OWL is designed for expressing ontologies: it offers the description of concepts
and relations that can be used within RDF.

We consider a language L as a set of syntactically defined expressions (often inductively defined by applying
constructors over other expressions). A representation (o ⊆ L) is a set of such expressions. It is also called
an ontology. An interpretation function (I) is inductively defined over the structure of the language to a
structure called interpretation domain (D). This expresses the construction of the "meaning" of an expression
in function of its components. A formula is satisfied by an interpretation if it fulfills a condition (in general
being interpreted over a particular subset of the domain). A model of a set of expressions is an interpretation
satisfying all these expressions. An expression (δ) is then a consequence of a set of expressions (o) if it is
satisfied by all of their models (noted o|=δ).

A computer must determine if a particular expression (taken as a query, for instance) is the consequence of
a set of axioms (a knowledge base). For that purpose, it uses programs, called provers, that can be based on
the processing of a set of inference rules, on the construction of models or on procedural programming. These
programs are able to deduce theorems (noted o ` δ). They are said to be sound if they only find theorems
which are indeed consequences and to be complete if they find all the consequences as theorems. However,
depending on the language and its semantics, the decidability, i.e., the ability to create sound and complete
provers, is not warranted. Even for decidable languages, the algorithmic complexity of provers can prohibit
their exploitation.

To solve this problem a trade-off between the expressivity of the language and the complexity of its provers
has to be found. These considerations have led to the definition of languages with limited complexity - like
conceptual graphs and object-based representations - or of modular families of languages with associated
modular prover algorithms - like description logics.

Exmo mainly considers languages with well-defined semantics (such as RDF and OWL that we contributed to
define), and defines the semantics of some languages such as multimedia specification languages, in order to
establish the properties of computer manipulations of the representations.

3.2. Ontology alignment
When different representations are used, it is necessary to identify their correspondences. This task is called
ontology matching and its result is an alignment. It can be described as follows: given two ontologies,
each describing a set of discrete entities (which can be classes, properties, rules, predicates, etc.), find the
relationships (e.g., equivalence or subsumption), if any, that hold between these entities.

http://book.ontologymatching.org
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An alignment between two ontologies o and o
′

is a set of correspondences 〈e, e′
, r, n〉 in which

• e and e
′

are the entities between which a relation is asserted by the correspondence, e.g., formulas,
terms, classes, individuals;

• r is the relation asserted to hold between e and e
′
. This relation can be any relation applying to these

entities, e.g., equivalence, subsumption.

• n is a degree of confidence in this particular correspondence (which will be omitted here).

Given the semantics of the two ontologies provided by their consequence relation, we define an interpretation
of the two ontologies as a triple made of an interpretation for each ontology and an equalising function (γ)
which maps the domain of each of the models to a common domain on which the relations are interpreted.
Such a triple 〈m,m

′
, γ〉 is a model of the aligned ontologies o and o

′
if and only if, for each correspondence

〈e, e′
, r〉 ∈ A of the alignment, then m|=o, m

′ |=o
′

and 〈γ(m(e)), γ(m
′
(e

′
))〉 ∈ rγ .

This definition is extended to a distributed system which is a set of ontologies and associated alignments.
A model of such a distributed system is a tuple of local models and an equalising function such that each
alignment is valid for the models and the equalising function involved in the tuple. In such a system, alignments
play the role of model filters which will select the local models which are compatible with all alignments.

So, given a distributed knowledge system, it is possible to interpret it. However, given a set of ontologies, it is
necessary to find the alignments between them and the semantics does not tell which ones they are. Ontology
matching aims at finding these alignments. A variety of methods is used for this task. They perform pair-wise
comparisons of entities from each of the ontologies and select the most similar pairs. Most matching algorithms
provide correspondences between named entities, more rarely between compound terms. The relationships are
generally equivalence between these entities. Some systems are able to provide subsumption relations as well
as other relations in the support language (like incompatibility or instanciation). Confidence measures are
usually given a value between 0 and 1 and are used for expressing preferences between two correspondences.

3.3. Transformations and properties
A transformation (τ ) is an algorithmic manner to generate a representation (τ(o)) from another one (o), not
necessarily in the same language. We focus on transformations made by composition of more elementary
transformations for which we only know the input, output and assumed properties. These transformations may
have been generated from an alignment or by any other means.

A transformation system is characterised by a set of elementary transformations and a set of composition
operators. A transformation flow is the composition of elementary transformation instances whose input/output
are connected by channels. A transformation flow is itself a transformation.

The design of information systems like transformation flows requires the ability to express such flows and
to determine their properties. A property is a boolean predicate about the transformation, e.g., "preserving
information" is such a predicate - it is true or false of a transformation - which is satisfied if there exists an
algorithmic mean to recover o from τ(o).

We consider more closely preservation properties that can allow the preservation (or anti-preservation) of an
order relation between the source representations and the target representations. For instance, one can identify:

• Syntactic properties: based on the organisation of syntactic elements, like the completion (τ(o) ≤ o,
in which ≤ denotes structural subsumption between representations);

• Semantic properties: based on the concepts of model and consequence, like consequence preserva-
tion (∀o ⊆ L,∀δ ∈ L, o|=Lδ ⇒ τ(o)|=L′ τ(δ));

• Semiotic properties: based on the interpretation of the manipulated objects as signs, like interpre-
tation preservation (let σ be the interpretation rules and |=L,i be the interpretation of individual i,
∀o ⊆ L,∀δ ∈ L,∀i, j, o, σ|=L,iδ ⇒ τ(o), τ(σ)|=L′ ,jτ(δ)).
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Our goal is to study transformations based on transformation properties rather than on representations or
transformation structures. This does not deal only with semantics but considers various properties, e.g.,
content or structure preservation, traceability, and confidentiality. However, we more specifically address
semantic properties. We also consider properties of transformation systems (given a transformation system,
is information preservation decidable and at what cost?). We try to characterise, given a particular type of
property, which transformations leave them invariant and what is the action of composition operators.

4. Application Domains
Two application contexts motivate and spur our work: the "semantic web" infrastructure (§4.1) and transfor-
mation system engineering (§4.2).

4.1. Semantic web technologies
Internet technologies support organisations in accessing and sharing knowledge, often difficult to access
in a documentary form. However, these technologies quickly reach their limits: web site organisation is
expensive and full-text search inefficient. Content-based information search is becoming a necessity. Content
representation will enable computers to manipulate knowledge on a more formal ground and to carry out
similarity or generality search. Knowledge representation formalisms are good candidates for expressing
content.

The vision of a "semantic web" [32] supplies the web, as we know it (informal) with annotations expressed
in a machine-processible form and linked together. In the context where web documents are formally
annotated, it becomes necessary to import and manipulate annotations according to their semantics and
their use. Taking advantage of this semantic web will require the manipulation of various knowledge
representation formats. Exmo concerns are thus central to the semantic web implementation. Our work aims
at enhancing content understanding, including the intelligibility of communicated knowledge and formal
knowledge transformations.

The semantic web idea is essentially based on the notion of ontology (that can be quickly described as
conceptual schemes or knowledge bases). Even if a standard knowledge representation language emerges,
it will still be necessary to import and exchange ontologies in such a way that the semantics of their
representation language is taken care of. We work on finding correspondences between various knowledge
representation languages and ontologies (see §6.1) in order to take advantage of them in ontology merging
and bridging or message translation. Bringing solutions to this problem is part of the ambition of Exmo.

In addition, Exmo also considers a more specific use of semantic web technologies in semantic peer-to-peer
systems. Semantic peer-to-peer systems are made of a distributed network of independent peers which share
local resources annotated semantically and locally. This means that each peer can use its own ontology for
annotating resources and these ontologies have to be confronted before peers can communicate.

4.2. Transformation system engineering
Computerisation and networking lead organisations to exchange information in machine-readable form. E-
commerce generates a continuous flow of such documents. As transmitted information is neither addressed
nor adapted to all the members of an organisation, it is necessary to transform document structure and content.
Similarly, web sites are generated from databases or primary funds and e-commerce documents are applied
various transformations before goods are shipped. Additionally, the Object Management Group Model-Driven
Architecture (MDA) considers that a part of software development can be reduced to the composition of
transformations from (platform independent) domain models to other (platform dependent) models in function
of platform description models. This is considering any implementation as adaptation.

Interoperability requirements have led to the definition of the structured document representation language
XML which helps handling the syntax of documents straightforwardly. Other languages, such as XSLT or
Omnimark, enable the implementation of standalone transformations.
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However, this view of transformations is only partial and local. It seems unavoidable that, in the future, we
will have to deal with complex transformation flows automating the combination of transformations, some of
which coming from external sources. This will require the global understanding of the behaviour of the flow of
transformations. This calls for real "transformation system engineering" which should address the following
issues:

• the lack of global consideration of transformations: they are processed in relation with other
transformations;

• the need to consider properties of transformations and especially their semantic properties: this will
require the semantic analysis of the transformations;

• the design of transformation flows from external resources (as it is in software engineering): this will
require the ability to consider the properties of imported transformations.

Transformation system engineering will require tools, methodologies and formal methods. As a matter of fact,
it will be necessary to check that a particular transformation system does not export sensitive information or
that the transformation process terminates. For that purpose, the transformation flow must be expressed in a
parsable way and the expected properties of the flow must be expressed (see §3.3). Exmo is concerned by tools
and formal methods and aims at combining them in solutions for transformation flow design environments.

5. Software
Exmo’s work can be implemented in software: we have proposed an API for expressing ontology alignment
(§5.1) and we have designed and developed a query evaluator for the PSPARQL query language (§5.2).

5.1. Alignment API: manipulating ontology alignments
Participants: Jérôme Euzenat [Contact], Seungkeun Lee, Jérôme Pierson, Chan Le Duc.

We have designed a format for expressing alignments in a uniform way [1]. The goal of this format is to be
able to share on the web the available alignments. It should help systems using alignments, e.g., mergers,
translators, to take advantage of any alignment algorithm and it will help alignment algorithms to be used in
many different tasks. This format is expressed in RDF, so it is freely extensible, and has been defined by a DTD
(for RDF/XML), an OWL ontology and an RDF Schema. Aligned entities are identified by their URIs.

The API itself is a Java description of tools for accessing the common format. It defines four main interfaces
(Alignment, Cell, Relation and Evaluator) and proposes the following services:

• Storing, finding, and sharing alignments;
• Piping matching algorithms (improving an existing alignment);
• Manipulating alignments (thresholding and hardening);
• Generating processing output (transformations, axioms, rules);
• Comparing alignments.

We have provided a first implementation for this API which can be used for producing transformations, rules or
bridge axioms independently from the algorithm which produced the alignment. The proposed implementation
features:

• a base implementation of the interfaces with all useful facilities;
• a library of sample matchers;
• a library of renderers (XSLT, SWRL, OWL, C-OWL, SEKT mapping language);
• a library of evaluators (precision/recall, generalised precision/recall, precision/recall graphs and

weighted Hamming distance);
• a parser for the format.
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To instanciate the API, it is sufficient to refine the base implementation by implementing the align()
method. Doing so, the new implementation will benefit from all the services already implemented in the
base implementation.

We have developed on top of the Alignment API an Alignment server that can be used by remote clients for
matching ontologies and for storing and sharing alignements [25]. The Alignement server can be accessed
through HTML, web service and agent communication interfaces. It is developed as an extensible platform
which allows to plug-in new interfaces.

The Alignment API is used in the Ontology Alignment Evaluation Initiative data and result processing. It is
also used as input or output by a number of alignment tools (among which OLA that we develop jointly with
the Université du Québec à Montréal, see §8.3.1).

The Alignment API is freely available since december 2003 under the LGPL licence at
http://alignapi.gforge.inria.fr

5.2. PSPARQL Query evaluator
Participants: Faisal Al-Khateeb [Contact], Jean-François Baget, Jérôme Euzenat.

PSPARQL is a query language for RDF that we designed by extending SPARQL with regular expressions.
CPSPARQL extends PSPARQL with constraints on path steps (see §6.2.1). We have implemented a PSPARQL query
evaluator in Java. This evaluator can parse SPARQL, PSPARQL and CPSPARQL queries, parse RDF documents
written in the Turtle language, evaluate the query and then return the answer set.

The algorithm follows the backtrack technique developed in our work. The evaluation of regular expression
patterns is used for calculating the satisfiability set of a given regular expression, to take into account the
multiple appearances of a given variable in different places of the query, i.e., to take into account the current
mappings.

This evaluator passed 435 test cases out of the 440 in the W3C Data Access Working Group SPARQL first test
base. The 5 missed tests are those that use the DESCRIBE result form which is not implemented.

The PSPARQL query evaluator is available for download as well as an online test servlet under
http://psparql.inrialpes.fr.

6. New Results
The results in 2007 are mainly related to the use of our semantics of alignments in evaluation, modules, and
alignment language (§6.1) and distributed systems (§6.2.2), the extension of the PSPARQL interpreter (§6.2.1),
the introduction of semantic social networks (§6.2.3), experiments with our context management framework
(§6.3) and the adaptation of the interactive structure in multimedia documents (§6.4).

6.1. Ontology matching and alignment
Pursuing the work on ontology matching and alignment [7] carried out in the framework of the Knowledge
web network of excellence, we have developed independent contributions about the semantics of alignment.

6.1.1. Benchmarking
Participant: Jérôme Euzenat [Contact].

In order to evaluate the performance of ontology matching algorithms it is necessary to confront them with test
ontologies and to compare the results. Since four years, we run the Ontology Alignment Evaluation Initiative
which organises evaluation campaigns for assessing the degree of achievement of actual ontology matching
algorithms [28]. This year’s event has been held in Busan, Korea [6]. 18 different teams entered the evaluation
which consisted in 7 different sets of tests. As the year before, the participation in this effort is thus increasing
both in the number of participants and challenges.

http://oaei.ontologymatching.org
http://www.iro.umontreal.ca/~owlola
http://alignapi.gforge.inria.fr
http://psparql.inrialpes.fr
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We have also pursued our investigations on generalising precision and recall by developing new measures
[14] based on the new semantics of alignments (see §3.2). These measures go as far as possible in taking into
account the actual meaning of ontologies and alignments.

6.1.2. Expressive alignment language
Participants: Jérôme Euzenat [Contact], Antoine Zimmermann.

The Alignment format [1] designed by Exmo is widely used. However, it is only able to express simple
alignments between ontologies. In order to offer a format which is both expressive and independent from
concrete ontology languages we developed the Expressive Alignment Language [26].

The high expressivity of the language allows the expression of complex alignments even if the ontology
languages are not themselves expressive. The language independence guarantees that we can define expressive
alignments between any languages and provides a declarative definition of the alignments which will be usable
in various manners (ontology merging, data translation, etc.).

We defined for this language an abstract syntax (used for describing the semantics), an exchange syntax (in
RDF/XML) and a more readable surface syntax. We provided a model theoretic semantics for the language
which rely upon the semantics of aligned ontologies while remaining independent from their details. We also
provided support for this language by combining and extending the API for the Alignment Mapping Language
developed at Innsbruck and our Alignment API (see §5.1).

This work is carried out in cooperation with Innsbruck Universität (François Scharffe) in the context of the
Knowledge web project (see §8.2.1).

6.1.3. Ontology modules
Participants: Jérôme Euzenat, Antoine Zimmermann [Contact].

The goal of the semantic web is to share knowledge. In this context, knowledge is expressed in interlinked
chunks rather than large monolitic ontologies. Ontologies can be assembled from ontology modules like
programme modules in software engineering.

We have designed a model of modules which combines an interface and an ontology implementation, in which
a module can import other modules through alignments with their interface [15]. This is a very natural way to
do since alignments can be used to adjust the components in the ontologies. We have provided the semantics
of such modules which is a combination of ontology semantics and our own alignment semantics.

This work is carried out in cooperation with Frederico Freitas (see §8.3.2) and in the framework of the NeOn
project (see §8.2.2).

6.2. Distributed semantic systems
Dealing with the semantic web, we are interested in distributed semantic systems, i.e., sets of distributed
ontologies that have to work together. One way for these systems to interact consists of exchanging queries
and answers. For that reason, we pay particular attention to query systems.

6.2.1. Constrained Path RDF as a query language for RDF
Participants: Faisal Al-Khateeb [Contact], Jean-François Baget, Jérôme Euzenat.

Though RDF itself can be used as a query language for an RDF knowledge base (using RDF semantic
consequence), the need for added expressivity in queries has led to the definition of the SPARQL query language.
SPARQL queries are defined on top of graph patterns that are basically RDF (and more precisely GRDF) graphs.

To be able to characterise paths of arbitrary length in a query, e.g. "does there exist a trip from town A to town
B using only trains and buses?", we have already proposed the PRDF (for Path RDF) language effectively mixing
RDF reasoning with database-inspired regular paths [23][10]. However, PRDF graphs do not allow expressing
constraints on the nodes, e.g. "Moreover, one of the correspondences must provide a wireless connection.". To
express these constraints, we propose an extension of PRDF, called CPRDF (for Constrained Path RDF [24]).
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For these two extensions of RDF, we have provided an abstract syntax and an extension of RDF semantics. We
characterise query answering (the query is a PRDF or a CPRDF graph, the knowledge base is an RDF graph) as a
particular case of PRDF or CPRDF entailment that can be computed using some kind of graph homomorphism.
Query answering thus remains an NP-hard problem in all these languages. Finally, we use these PRDF or CPRDF
graphs as graph patterns in SPARQL, defining the PSPARQL and CPSPARQL extensions of that query language.

6.2.2. Reasoning with distributed semantic systems
Participants: Faisal Al-Khateeb [Contact], Antoine Zimmermann.

Query answering in expressive knowledge bases is a difficult task and becomes more tedious when knowledge
is described in different knowledge bases. We have considered query answering over a system in Distributed
Description Logics, such that each ontology is a description logic knowledge base and alignments are made
of directed relations called bridge rules. More precisely, we have defined the distributed answers of a given
query expressed in terms of one ontology (called the target ontology) in the system [9]. These answers may
contain individuals from different ontologies. Our definition of distributed answers is well founded since
it covers local query answers. To compute these answers, we have provided an algorithm that reduces the
problem of distributed query answering to local query answering. This algorithm extends the target ontology
with knowledge deduced using bridge rules and local axioms of other ontologies, then locally evaluates the
query over the extended ontology alone. Although this algorithm has been proved correct, it is not complete
with highly expressive logic. However, the completeness of the algorithm for fragments of less expressive
description logics is still open. There are two main defects for this algorithm: First, it is much time and
resource consuming; Second, it requires total access to the foreign knowledge.

To overcome these problems, we provided another approach that consists in broadcasting a set of queries to
each foreign ontology [11]. Each query in the set is obtained by translating terms of the initial query using
bridge rules. Despite the incompleteness of this approach, it provides highly parallelised distributed query
evaluation.

In order to effectively reason on distributed systems of ontologies and alignments, the abstract semantics
proposed in §3.2 has been specifically formalised for particular logics and alignments. More precisely, we
described a new kind of distributed logics, namely Integrated Distributed Description Logics [22], where
ontologies are represented as description logic knowledge bases, and alignments assert cross-ontology con-
cept/role subsumptions or disjunctions, or cross-ontology instance membership. In particular, this formalism
is adapted for reasoning with OWL ontologies aligned by automatic ontology matching tools.

6.2.3. Semantic social networks
Participant: Jérôme Euzenat [Contact].

Social networks are simply the graph between people along social relations (usually denoting that they know
each others). There has been much work on social network analysis for finding central people in a network or
connecting efficiently an individual to another.

We introduced the notion of semantic social networks in order to describe networks embedding not only
relations between people, but also the ontologies that people use. These ontologies can be used, for instance,
in order to annotate resources such as documents, pictures, etc. We proposed an organisation for semantic
social networks in three layers: social layer, ontology layer and concept layer. Each layer features a network
based on different relations [17].

People in the social network are related to the ontologies they use, and ontologies are related to the concepts
they use and they define. However, it would be useful to be able to infer relations between people from the
relations between concepts and ontologies. This has the advantage of providing potential proximity relations
for people who do not even know each others. Such techniques can be useful for instance, for finding people to
which it will be easier to forward a query or group of homogeneous people who will be more prone to design
a consensus ontology [18]. We proposed some tentative propagation rules as well as measures for computing
network analysis.
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6.3. Dynamic aspects of alignments
We apply the results obtained on alignments in various contexts where semantic web technologies and
alignments are useful.

6.3.1. Context management in pervasive computing
Participants: Jérôme Pierson [Contact], Seungkeun Lee, Jérôme Euzenat.

In a pervasive computing environment, the environment itself is the interface between services and users. Using
context information coming from sensors, location technologies and aggregation services, applications adapt
their run time behaviour to the context in which users evolve, e.g., physical location, social or hierarchical
position, current tasks as well as related information. These applications have to deal with the dynamic
integration in the environment of new elements (users or devices), and the environment has to provide context
information to newly designed applications. We study and develop a dynamic context management system
for pervasive application. It must be flexible enough to be used by heterogeneous applications and to run
dynamically with new incoming devices.

We have designed an architecture in which context information is distributed in the environment. Each device
or service implements a context management component in charge of maintaining its local context. It can
communicate with other context management components: some of them are context information producers,
some of them are context information consumers and some of them are both. We have defined a simple
protocol to allow a consumer to identify and determine the right producer for the information it needs.
Context management components express their context information using an OWL ontology, and exchange
RDF triples with each other. The openness of ontology description languages makes possible the extension
of context descriptions and ontology matching helps dealing with independently developed ontologies. Thus,
this architecture allows the introduction of new components and new applications without interrupting what is
working.

We have developed a library to build the distributed context management system. It provides support for most
operations of context management, i.e., searching, broadcasting and updating, context information.

In 2007, we have developed the Alignment server [18] and, in particular, the JADE plug-in for communicating
with agents which is used in our distributed context management system. The Alignement server allows the
context information manager component to find the correspondences between various ontologies with which
it is confronted and thus to match application needs in terms of context information with the information
provided by the other devices.

We have built a complete easily deployable ambient home environment. Our infrastructure manages context
information flows from sensors and web services to pervasive application and a dynamic service composition
infrastructure. We demonstrated it through several applications composed of a set of potentially interchange-
able sensors and actuators. These applications are combined to present an integrated scenario which shows
how an ambient home environment can improve the experience of a typical Grenoble resident and helps him
to organise his leisure. This environment was showned at the Ubicomp 2007 conference.

This work is developed in collaboration with France Telecom R&D and more specifically Fano Ramparany.

6.4. Semantic adaptation of multimedia documents
Participants: Sébastien Laborie [Contact], Jérôme Euzenat, Nabil Layaïda [WAM team], Jean-François Baget,
Antoine Zimmermann.

When a multimedia document is played on platforms with limited resources, e.g., a mobile phone that can only
display one image at a time or an interactive display without keyboard, it is necessary to adapt the document
to the target device. In order to assess the meaning of adaptation, we have defined a semantic approach [3],
which considers a model of a multimedia document as one of its potential execution (an execution satisfying
its specification). In a first approximation, adaptation reduces the set of models of a specification by selecting
those satisfying the adaptation constraints. Adapting amounts to finding this subset of models or, when it
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is empty, finding a compatible execution as close as possible to the initial execution. For that purpose, we
proposed to express the set of possible interpretations by a resolved relation graph. Each relation of this graph
could be a temporal, spatial, or spatio-temporal relation. This approach has been applied to the temporal and
spatial dimensions based on Allen and RCC algebras respectively.

This year, we have followed on our work on semantic adaptation contributing in various areas:

Firstly, when considering the hypermedia dimension of multimedia documents, we have shown that it is
possible to identify several loosely dependent sub-specifications. In order to adapt them and let the profile
changing between each user interaction, we proposed an incremental adaptation approach. It adapts document
sub-specifications step by step according to user interactions.

Secondly, we have extended our adaptation approach with the capability to suppress multimedia objects [19].
For example, a profile may indicate that only a few multimedia objects are allowed in a presentation. When
multimedia objects are removed, we forced the adapted document to satisfy properties such as presentation
contiguity. Moreover, we presented a method for summarising multimedia documents using a relevance degree
for each multimedia object.

Thirdly, we have considered relation graphs containing mixed quantitative and qualitative relations. To
efficiently check the satisfiability of this kind of temporal constraint network, we have to deal with the infinite
domains of variables, which can generated an infinite number of candidates during backtrack algorithm. For
solving this problem, we rely upon finite partitions of domains using bi-intervals (intervals of intervals) [12].
We have implemented sound and complete backtrack and forward checking algorithms and shown that bi-
intervals, used in a hybrid algorithm which also instantiates constraints, improve our backtrack efficiency.

Finally, we have considered media adaptation [20]. For that purpose, we propose to adapt media items by
replacing incompatible media items by others found on the web. The adapted media items must convey the
same message as the original ones, while satisfying the target profile. We have presented a possible architecture
to implement this and we have shown that search engines can already do it to a limited extent. Nonetheless,
some results are unsatisfactory because media annotations lack semantics, are partial and are heterogeneous.
Hence, we have proposed to use semantic web technologies, such as RDF descriptions, ontologies, ontology
merging and matching, in order to select better alternatives, thus improving this adaptation framework.

7. Contracts and Grants with Industry

7.1. France Telecom R&D
Participants: Jérôme Pierson [Contact], Jérôme Euzenat.

The work of Jérôme Pierson is developed in collaboration with the Centre Norbert Segard of France Telecom
R&D (also known as Orange labs). Jérôme Pierson’s thesis is jointly supervised by Fano Ramparany and
Jérôme Euzenat under a CIFRE contract. The topic of this thesis is to investigate the notion of context in
ambient computing and the ability to match ontologies when shifting context (see §6.3.1).

8. Other Grants and Activities

8.1. National grants and collaborations
8.1.1. WebContent RNTL platform

Participant: Jérôme Euzenat [Contact].
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Exmo is involved in the WebContent platform development subsidised by the Agence Nationale de la
Recherche (ANR). Its goal is to build a national platform for knowledge retrieval involving natural language
and semantic web technologies. Exmo is co-responsible with Gémo (Chantal Reynaud) of work-package 3.2 :
Ontology matching. It aims at integrating ontology matching solutions from several partners on the platform.
We plan to use an Alignment server for that purpose.

More information on WebContent can be found at http://www.webcontent.fr.

8.1.2. Réseau régional Web intelligence
Participants: Jérôme Euzenat [Contact], Sébastien Laborie.

Exmo is involved in the Web intelligence project supported by the Rhône-Alpes region. Jérôme Euzenat is
in charge of the research area of the project. Exmo is more specifically involved in ontology matching in
peer-to-peer systems with Marie-Christine Rousset (LIG) and Jean-Marc Petit (LIRIS) [5].

More information on Web intelligence can be found at http://eric.univ-lyon2.fr/wi.

8.2. European initiatives
8.2.1. Knowledge web network of excellence: realising the semantic web

Participants: Jérôme Euzenat [Contact], Faisal Al-Khateeb, Jean-François Baget.

Exmo, as part of INRIA, is a founding and active member of the Knowledge web Network of Excellence. The
INRIA node comprises the Acacia, Exmo and Orpailleur teams. Exmo is in charge of the work package 2.2 on
"Heterogeneity" (see §6.1). Jérôme Euzenat is vice-scientific director of Knowledge web and represents INRIA
in the executive management board.

More information on Knowledge web can be found at http://knowledgeweb.semanticweb.org.

8.2.2. NeOn integrated project: Networked ontologies
Participants: Jérôme Euzenat [Contact], Chan Le Duc, Antoine Zimmermann.

Exmo contributes to the NeOn integrated project considering all the aspects of "networked ontologies", i.e.,
the ontologies considered with their links to other ontologies. We work on the aspects of providing semantics
to these networked ontologies (through alignments and ontology modules) and using ontology matching to
recontextualise ontologies.

More information on NeOn can be found at http://www.neon-project.org.

8.3. International Initiatives
8.3.1. Collaboration with Université du Québec à Montréal

Participant: Jérôme Euzenat [Contact].

Exmo collaborates with Petko Valtchev at the Université du Québec à Montréal on the topic of "ontology
matching". We develop together a matching algorithm called OLA. The new version of OLA has obtained very
good results at the OAEI-2007 evaluation campaign [13].

8.3.2. Collaboration with Universidade Federal de Pernambuco
Participants: Jérôme Euzenat [Contact], Antoine Zimmermann.

We have started collaborating with Frederico Freitas of the Universidade Federal de Pernambuco (Recife) on
ontology modules and composition (see §6.1.3).

Frederico visited Exmo in September 2007.

http://www.webcontent.fr
http://eric.univ-lyon2.fr/wi
http://knowledgeweb.semanticweb.org
http://www.neon-project.org
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9. Dissemination

9.1. Leadership within scientific community
• Jérôme Euzenat is founding member of the "Semantic Web Science Association" (steering commit-

tee for the ISWC conference series), founding member of the "Scientific Steering Committee" of the
"European Semantic Web Conference Series" (SSCESWC), member of the "Scientific advisory board"
of the "European Academy for Semantic web Education" (EASE) and foundig member of EASE and
member of the steering committee of the LMO conference series.

• Jérôme Euzenat is vice-scientific director and coordinator of "Heterogeneity" work package of the
Knowledge web network of excellence (see §8.2) (2004-2007).

9.2. Editorial boards, conference and workshop committees
• Jérôme Euzenat is the editor-in-chief of the "Journal électronique d’intelligence artificielle (JEDAI)".

• Editorial board of the journal "Journal of Web Semantics" and "Journal on Data Semantics" (Jérôme
Euzenat).

• Programme committee for the 2007 issues of the conferences "International Semantic Web Con-
ference (ISWC)", "European Semantic Web Conference (ESWC)", "(US) National conference on AI
(AAAI)",

9.3. Conferences, meetings and tutorial organisation
• Faisal Al-Khateeb, Sébastien Laborie and Antoine Zimmermann have been members of the organis-

ing committee of the 2007 AFIA platform, Grenoble, 2007.

• Jérôme Euzenat has organised (with Paolo Bouquet, Chiara Ghidini, Deborah L. McGuinness,
Valeria de Paiva, Luciano Serafini, Pavel Shvaiko, and Holger Wache) the "Context and ontologies:
representation and reasoning" workshop of the 6th Context, Rokskilde (DK), 2007 [4].

• Jérôme Euzenat has organised (with Pavel Shvaiko, Bin He and Fausto Giunchiglia) the "Ontology
matching" workshop of the 6th ISWC, Busan (KR), 2007 [6].

• Jérôme Euzenat has organised (with Jean-Marc Petit and Marie-Christine Rousset) the "Passage à
l’échelle des techniques de découverte de correspondances" workshop of the 7th EGC, Namur (BE),
2007 [5].

• Jérôme Euzenat has organised (with Laurent Vercouter, Yves Demazeau and François Jacquenet)
the "Intelligence artificielle et web intelligence" workshop of the 4th AFIA platform, Grenoble (FR),
2007.

• Jérôme Euzenat has organised (with many other colleagues) the Ontology Alignment Evaluation
Initiative 2007 at the "Ontology matching" workshop of the 6th ISWC, Busan (KR), 2007 [16].

9.4. Invited conferences and other talks
• XML transformation composition: early attempts and current state: Seminar Xerox research centre

europe, Meylan (FR), March 1st, 2007 (Jérôme Euzenat)

• Réseaux dynamiques d’ontologies hétérogènes personnelles: Séminaire de prospective en modélisa-
tion des processus perceptifs et cognitifs, Saint-Dié des Vosges (FR), October 26th, 2007 (Jérôme
Euzenat)

• Dynamic networks of heterogeneous personal ontologies: Web intelligence project meeting, Greno-
ble (FR), November 5th, 2007 (Jérôme Euzenat)
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• The semantic web: from document annotation to ambient knowledge: Seminar Yeungnam university,
Gyeongsan (KR), November 16th, 2007 (Jérôme Euzenat)

9.5. Teaching
• Co-ordination of the Web intelligence profile of the second year of mathematics and informatics

master, Intelligence, Interaction, Information track, Joseph Fourier university and INPG, Grenoble,
resp. Yves Demazeau

• Ontology matching lecture and hands-on session (Jérôme Euzenat, 3h): European Summer School
on Ontology Engineering and the Semantic Web, Cercedilla (ES), resp. John Domingue

• Semantic interoperability tutorial (Jérôme Euzenat with Natasha Noy, 1h): ISWC invited tutorial,
Busan (KR), resp. John Domingue.

9.6. Miscellaneous
• Development and maintainance of the web site (http://jedai.afia-france.org) for the Journal électron-

ique d’intelligence artificielle (JEDAI).
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