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ABSTRACT
We describe the WebContent platform for the management of con-
tent from the Web. The platform is based on a service-oriented
architecture and Web standards (notably, Web services, XML and
RDF). An enterprise service bus (following the JBI specification)
and BEPL may be used to orchestrate service invocations. A peer-
to-peer architecture may also be used to facilitate cooperation be-
tween independent partners as well as provide scaling.

We briefly describe services that were developed for supporting
the main functions of the platform: acquisition, e.g., Web crawling,
semantic enrichment, e.g., concept annotations, high-scale XML
storage and querying (in a centralized or P2P architecture) and ex-
ploitation (including Web-based interfaces). Ontologies are perva-
sive in WebContent applications, supporting the description of the
harvested and derived information as well as that of applications.

WebContent brings together a large number of groups from in-
dustry and academia. The core of the platform is open-source.
A large toolkit of both open-source and commercial services is
already available. WebContent is being tested on different Web
surveillance applications. In the paper, we use a strategic watch ap-
plication in aeronautics that has been developed for Airbus to illus-
trate various aspects of the platform. WebContent is now available
for research and development outside the original group of partici-
pants.
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∗INRIA Saclay–Île-de-France and LRI, Univ. Paris XI, France
†CEA LIST, France
‡LIP 6 – Univ. Pierre et Marie Curie & CNRS, France
§INRA Met@risk/AgroParisTech, France
¶EADS DS/SDC/IPCC, France
‖Univ. Versailles Saint-Quentin-en-Yvelines & CNRS, France
Copyright is held by the author/owner(s).
WWW2009, April 20-24, 2009, Madrid, Spain.

1. INTRODUCTION
The main data sources available on the Internet today and even

internally in companies are in very large part textual. Furthermore,
the portions that are more controled (structured) are often hetero-
geneous, relying on different formats and different ontologies. As
a consequence, the full exploitation of the vast quantity of avail-
able Web resources by end-users such as experts performing watch
activities is difficult at best, and often impossible. Furthermore,
the development of Web applications to assist them is extremely
complex and often requires unavailable programming skills or bud-
get. In this paper, we introduce the WebContent platform that has
been developed to ease the development of Web content applica-
tions [44].

The platform warehouses content relying on a rich set of ser-
vices. These services are used for acquiring data, cleaning them,
storing and indexing, semantically enriching them (with machine-
processable annotations), and exploiting them notably via Web-
enabled visualization tools. The platform is based on the sharing
of XML documents. An Enterprise Service Bus (ESB) and BPEL
may be used to orchestrate service invocations. We also consider
performing tasks in a peer-to-peer network.

Observe that WebContent is in the spirit of the Semantic Web,
building of its technologies [8, 33] , notably stuctured data, linked
and semantically-enriched in a machine-processable manner, ex-
changed between applications and services.

In this paper, we describe the various components of the plat-
form. First, we introduce the WebContent data model that facil-
itates describing the content of Web documents that are relevant
to a particular application. Next, we consider the core services of
the platform, e.g., storage, and application services, e.g., ontology-
based classification. It should be observed that a large part of the
effort in the WebContent project comes from partners tailoring spe-
cific tools to the WebContent context.

Ontologies are pervasive in WebContent applications as they sup-
port the description of the harvested and derived information as
well as that of the applications. This knowledge is stored in an
XML database and efficient and scaling query processing is a cen-
tral aspect of the platform. Besides data and knowledge manage-
ment, the tools that equip the platform cover a wide range of do-
mains, from linguistic analysis to machine learning and vizualiza-
tion. We will discuss some of them and describe guidelines for
developing WebContent applications.

The WebContent platform was designed to facilitate Web content
processing at large. Since this is too broad a target to fully grasp, we
chose to focus our attention first on Web watch applications. The
platform is now up and running. We are testing its functionality
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Figure 1: Architecture of a WebContent application.

with a number of real-case applications: (i) technological watch in
the domain of food risk analysis, (ii) strategic watch in aeronautics,
(iii) intelligence watch, and (iv) seismic watch. The second one
that has been developed for Airbus is used throughout the paper to
illustrate the various aspects of the platform with a real-world use
case.

WebContent is a project from the Agence Nationale de la Recher-
che bringing together a large number of groups from industry and
academia. The platform has been a testbed for the integration of
a number of XML, Web service and Semantic Web technologies.
It has also been used for validating prototypes issued from sev-
eral research projects, including peer-to-peer (P2P) management of
Semantic Web data, ontology merging tools, machine learning al-
gorithms for structured content extraction, and Web-enabled data
visualization widgets.

The core of the platform is open-source. A large toolkit of both
open-source and commercial services is already available. Web-
Content is now available for R&D outside the original group of
participants. See http://www.webcontent.fr

The paper is organized as follows. Section 2 gives an overview of
the platform. Section 3 provides a detailed description of its archi-
tecture and data model. Section 4 discusses related work. Section
5 concludes the paper.

2. PLATFORM OVERVIEW
As mentioned in the introduction, the platform has primarily

been tested with Web watch applications, and we use one such ap-
plication as an illustration in this paper. Web-based watch applica-
tions are facing problems such as acquiring all kinds of documents
in various formats, analyzing them and extracting knowledge rel-
evant to the task at hand, performing a synthesis of the derived
information and alerting users of relevant events. Watch applica-
tions are thus very typical of a wide range of Web applications.
Beyond, Web processing applications can benefit from WebCon-
tent in a wide range of other domains, including economic intel-
ligence, open source intelligence, Enterprise Information Portals

(EIP), Content Management Systems (CMS), (multimedia) archiv-
ing, or knowledge management at large.

We describe next the platform functionalities and present the Air-
bus application.

2.1 Functionalities
Watch applications require the use of a wide variety of informa-

tion processing modules. While building our original functional
map, we identified thirty such modules, including: data collection,
acquisition, storage, indexing, transformation, normalization, de-
scription, ontology-based annotation, visualization, structuring, or-
dering, dissemination, sharing. Robust and efficient solutions are
available for some of these modules, whereas others are only par-
tially solved in research prototypes. Solutions come from various
vendors and research laboratories, handle documents and metadata
in various formats, and can take different forms: stand-alone appli-
cations, libraries, and Web applications. Integration is thus a seri-
ous problem. To overcome this issue, the WebContent platform is
built around a Semantically-Driven Service-Oriented Architecture
that:

• provides an open and extensible model for data sharing and
an (extensible) set of service definitions based on that model;

• provides application building guidelines and open-source de-
velopment toolkits in Java and C++;

• is designed with scalability in mind; and

• is fully compliant with the main Web standards.

Figure 1 illustrates the overall architecture of a WebContent ap-
plication. Each application is built around a set of services. Ser-
vices are currently provided as components supplied by the nine-
teen partners involved in the project. The platform presents a ser-
vice integration infrastructure: each service is thoroughly defined
and can exchange data with all other services in a format defined
and adapted to the specific type of targeted applications. WebCon-
tent applications are typically designed and implemented as Web



portal applications, using portlets to build rich and configurable
front-end graphical user interfaces.

Each service is independent from the others. It is defined by a
contract specifying its interface and conditions of use; it is nor-
malized, currently through a process internal to the WebContent
consortium. The intention is to make this process open to a broader
community. Similar components, providing the same kind of ser-
vices, possibly based on different technologies, can be implemented
by different suppliers. We consider two broad classes of services:
core services are a common base for applications development; ap-
plication services are used to realize functions related to actual in-
formation extraction and processing.

To accomplish a particular business objective through a complex
process, several atomic services may have to be combined. For that,
we use a WS-BPEL (Business Process Execution Language) [37]
engine. BPEL enables the description of a complex business pro-
cess using standard operations such as service invocations, condi-
tional blocks, loops, variable affectations, etc. In particular, service
calls may be “pipelined” with a service response directly used as in-
put to the next service. High flexibility is achieved with multi-level
service composition and the capability to use runtime endpoint se-
lection. A runnable process may be specified using a graphical
BPEL editor. Adding, updating or removing a service implemen-
tation does not have any functional impact on the whole business
process. The platform only needs to update its composite process
using BPEL capability to dynamically assign the endpoint refer-
ence before invocation.

The WebContent platform uses Web service and Semantic Web
technologies to provide a set of application services to collect, pro-
cess and exploit structured and unstructured content; a set of core
services for the management of available resources and in partic-
ular storage and querying; a middleware and a connector model
enabling services to communicate and insuring their technical in-
teroperability; a reference data model to normalize exchanges be-
tween services and insure their semantic interoperability; and a
suite of tools to realize, integrate, deploy, orchestrate and test the
services.

2.2 The Airbus application
In this section, we briefly describe one of the first four appli-

cations built using the WebContent platform. This application is
developed for the Documentation Department of Airbus, an EADS
company manufacturing aircrafts. It is targeting users performing
technical and economic watch activities in aeronautics. Its objec-
tive is to collect data from public sources such as headline news,
press releases, economical data and technical notes. The collected
data have to involve Airbus, its competitors or its subcontractors.

In this use case, two different kinds of users interact with the
application: administrators and watchers (Figure 2). Documents
are collected from the Internet and information relevant to the do-
main and tasks is extracted from them. This information is stored
in a knowledge repository where it can be retrieved and exploited.
Only administrators are involved in these preprocessing and anal-
ysis phases that are performed automatically as service orchestra-
tions. Administrators select the sources to be crawled and configure
the services to be invoked. When documents have been processed,
analyzed and indexed, the watcher can exploit the extracted knowl-
edge by asking queries to the knowledge repository.

The knowledge that is extracted by the platform is about the
products and companies that are involved in the engineering pro-
cess, the events that occur in the aeronautic business world, and
problems detected such as faulty parts, etc. One role of the analy-
sis is to detect relationships between concepts, e.g., the Airbus
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Figure 2: Architecture of the Airbus application for EADS

A350 uses the V35 engine produced by Roll’s Royce.
The watcher must be able to identify real and misleading informa-
tion regarding Airbus and annotate the knowledge base, e.g., vali-
date or invalidate. To develop an adequate tool to support watchers
in their tasks, we had to use a large panel of services from the We-
bContent platform, as detailed further.

The scenario begins with the collection phase that involves the
Web crawling service. This first service is based on Exalead’s
crawling engine [16] wrapped in a WebContent compatible inter-
face. Crawled documents are then converted into the WebContent
exchange format using the normalization service in order to be pro-
cessable by other services: the original documents are converted
into WebContent Media Units (Figure 3). These media units are
semantically annotated using an OWL [26] ontology pertaining to
aeronautics and designed for this application. Several annotation
services are invoked sequentially, each of them gradually enriching
the media units. Finally, the annotated media units are sent to two
distinct indexing services: a full-text indexer and a semantic in-
dexer. The semantic index takes into account, knowledge that has
been previously extracted by annotation services (i.e., concepts and
relationships between them defined in terms of the ontology). The
watcher can then access the documents through two modes:

• An interactive search mode to define textual or semantic queries
and then browses through results.

• A monitoring mode to specify feeds about specific topics,
and be notified (based on a specified frequency) when alerts
are detected.

Sophisticate visualization widgets are provided for browsing re-
sulting documents, including semantic network and timeline (Fig-
ure 5) features. In both modes, the documents are displayed with
highlighted text emphasizing annotations.

3. DETAILED PLATFORM DESCRIPTION

3.1 The WebContent model
To guarantee the full interoperability of services, it does not suf-

fice to normalize protocols and service interfaces. It is also nec-



Figure 3: Elements of the WebContent model.

essary to define the structure and semantics of data shared or ex-
changed by services. The WebContent data model must be able to
describe all kinds of source documents that go through the textual
information extraction process and be extensible to other kinds of
media. To reach this goal, all nineteen partners of the initial project
have contributed to the elaboration of the model by confronting
its evolutions to the specific needs of the provided services and to
those of the built applications. The model has since been extended
through other R&D projects, and other academic and industrial or-
ganizations are now using it.

The model defines an XML format. WebContent resources can
thus be stored into, and queried via, an XML repository. Their
structures closely matches that of the associated source documents.
Annotations are expressed in RDF [25] and serialized in RDF/XML
for easy handling and association of semantic data with each unit
of the document.

Figure 3 shows a UML class diagram displaying the elements
of the model. Each class inherits from the Resource class and
is thus identified by a URI. RDF annotations use this URI to re-
fer to specific units in the documents. Documents are composed of
MediaUnits. Recursive structures can be captured using Composed-
MediaUnits. Other elements include Text for leaf textual seg-
ments and elements to describe tables (with a terminology inspired
by XHTML). Multimedia documents may also be represented us-
ing different types of BinaryMediaUnits A mechanism allowing
the asynchronous transfer of binary data between services is sup-
ported. The different kinds of Segments are used to annotate parts
of media units.

The combination of data and annotations in the data model al-
lows for a better decoupling between services, each service receiv-
ing all the data it needs to do its processing in a single call. It
also closely follows the way data are processed in the applications.
This model does not impose any restriction on the way the data is
effectively stored and processed by each service. In fact, some We-

bContent applications use an XML/RDF store and SPARQL [31] to
query the data, while others use the annotations as pure metadata
attached to documents in a full-text index. For binary or large data,
annotations can be received separately.

An XML implementation of the model, examples, documenta-
tion and software utilities is available to the community in a free
development kit [45].

3.2 WebContent deployment architectures
The WebContent platform can be deployed in different architec-

tures depending on the constraints and requirements of the specific
applications and organizations considered.

The first architecture is built around an Enterprise Service Bus.
In this context, the warehouse’s Web services are connected to the
bus, and the bus manages their interaction (or composition) accord-
ing to a high-level imperative specification expressed in a subset of
BPEL [37]. The bus is responsible for routing messages to and
from the Web services, and for ensuring orchestration, i.e., that in-
teractions between services take place in the desired order. The
bus-centered architecture is well suited to applications in which the
Web services to be used are precisely identified, and interconnected
via the bus, prior to the actual activation of the application.

To facilitate service interoperability with controlled quality of
service, the platform includes an Enterprise Service Bus that allows
the integration of heterogeneous components as service providers.
We use Java Business Integration (JBI) [23], a commonly used
specification to implement ESBs. It makes it possible to compose
heterogeneous components using normalized deployment, request-
ing, and messaging paradigms. JBI defines two classes of internal
components for an ESB:

• Service Engines that implement core services such as XSLT
transformations, orchestration, scheduling, load balancing,
etc.


