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Abstract. Public institutes often face the challenge of managing vast volumes
of administrative documents, a need that is often met via Content Management
Systems (CMSs). CMSs offer various advantages, like separation of data struc-
ture from presentation and variety in user roles, but also present certain disad-
vantages, like inefficient keyword-based search facilities. The new generation
of content management solutions imports the notion of semantics and is based
on Semantic Web technologies, such as metadata and ontologies. The benefits
include semantic interoperability, competitive advantages and dramatic cost re-
duction. In this paper a leading Enterprise CMS is extended with semantic ca-
pabilities for automatically importing and exporting ontologies. This functional-
ity enables reuse of repository content, semantically-enabled search and
interoperability with third-party applications. The extended system is deployed
in semantically managing the large volumes of documents for a state university.

Keywords: semantic web, metadata, content management, ontology.

1. Introduction

Public institutes, like state universities, often face the challenge of managing vast vol-
umes of (mainly administrative) documents, which are rapidly increasing every day.
The need to manage massive volumes of content imposes the deployment of content
management systems (CMS), software applications that allow creating, editing, man-
aging and publishing content, as well as controlling access and versioning [1]. CMSs
mainly offer the advantage of separating data structure from presentation, defining
user roles, in order to control what (subset of) information each user has access to.
Nevertheless, besides simply managing content, a key functionality is also the abil-
ity to efficiently and effectively retrieve information. Paradoxically, most current
CMSs offer only basic keyword-based search, similarly to Web search engines [2].
Although several techniques (word occurrence frequency measurement, lexical analy-
sis etc.) have been developed for improving the retrieved results, they have not been
adequately evolved yet, in order to offer more advanced features than basic search.



A lot of effort is now concentrated on developing a new generation of content man-
agement solutions for efficiently managing the rapidly growing volumes of informa-
tion, based on the notion of semantics (study of meaning). The use of semantic tech-
nologies in content management (referred to as “Semantic Content Management”)
will bring various benefits to organizations working with large volumes of data, like
syntactic/semantic interoperability, dramatic cost reductions, revenue improvements
and opportunities for competitive advantages. Semantic Content Management meth-
ods are based on the Semantic Web (SW), an evolving effort towards extending Web
content with semantic information (metadata) [4]. A key factor in the development of
the Semantic Web are ontologies — data models that represent a given domain and are
used to reason about the objects in that domain and the relations between them [5].
RDF Schema (RDF/S) is an ontology language for encoding ontologies [6], providing
a vocabulary for describing properties and classes of RDF resources as well as hierar-
chies among them. Overall, the Semantic Web provides a set of standards for encod-
ing and querying knowledge, so that data integration is facilitated. Therefore, Seman-
tic Web technologies seem promising for improving CMS data handling capabilities
and for leading to advantages in all situations, where data integration is beneficial.

Especially in e-Government (e-Gov) that involves a wide array of IT-related as-
pects, like human-computer interaction (HCI), software/systems engineering and Web
service design, the SW can resolve many HCI- and access-related issues and allow
users to facilitate e-Gov processes [7]. Additionally, e-Gov networks are among the
largest networks in existence, according to size, number of users and information pro-
viders; thus, creating a Semantic Web infrastructure to meaningfully organize e-Gov
networks is highly desirable. At the same time, the complexity of the existing e-Gov
implementations also challenges the feasibility of Semantic Web development [8].

In this paper we are extending a leading Enterprise CMS, called Alfresco [9], with
semantic capabilities and, more specifically, the capacity of automatically importing
and exporting RDF/S ontologies. The implemented Alfresco plug-in parses the input
ontologies and automatically updates the corresponding Alfresco core files that are re-
lated with the creation of categories, properties, metadata and their appearance in the
Alfresco front-end. The reverse process, namely, exporting content from the Alfresco
repository into an RDF/S ontology, is also integrated in the plug-in, allowing third-
party applications to use and process Alfresco content. In order to test the imple-
mented extensions, the system was deployed for managing the large volumes of docu-
ments for a state university (as in e.g. [10]), also offering semantic interoperability be-
tween the university and other education-related organizations.

The rest of this paper is structured as follows: Section 2 gives a brief overview of
related work paradigms, followed by a more thorough presentation of the Alfresco
CMS. Section 4 comprises the backbone of this work, presenting the test application
domain and the proposed semantic extensions implemented in Alfresco, while the pa-
per is concluded with the final remarks and directions for future work.

2. Related Work

SCORE (Semantic Content Organization and Retrieval Engine) [11] is a system that



offers semantic content organization and recuperation of information. The software
has the capability of processing information, by interrelating different pieces of in-
formation existing in its repository with the knowledge that a person can possess over
a specific subject. These semantics-based information processing capabilities offer a
significantly superior performance over syntactic information searching methods.
Other vital advantages of SCORE include its high output and extensibility.

Caravela [12] is another CMS that provides dynamic unification and automatic
categorization and is mainly used for categorizing published scientific researches and
for the on-line creation of bibliographies on issues related to schema evolution and
data cleaning. Content and documents of various types from diverse (semi-structured)
sources can be unified and categorized in different dimensions. The system offers: (a)
dynamic information unification with simultaneous attachment of related sources, (b)
automatic interconnection that offers dynamic categorization without any time- or ef-
fort-related cost to the user, (c) semi-automatic categorization at length of multiple
dimensions, and, (d) flexible and functional points that make search tasks easier.

The Rhizomer platform [13] is a CMS based on REST and Semantic Web tech-
nologies, offering advanced content management services. All content is described
using semantic metadata that is semi-automatically extracted from multimedia con-
tent, facilitating publishing, querying, browsing, editing and interacting with semantic
data. Rhizomer supports search via semantic queries and the user can navigate
through the graph of data, retrieving fragments and rendering them as interactive
HTML. Additionally, two or more pieces of metadata about common or similar re-
sources can also be mixed and simple mappings between concepts from different on-
tologies can be defined. Finally, the user can annotate new semantic metadata describ-
ing a resource, or edit existing annotations via user-friendly HTML forms.

A more e-Gov-oriented approach is featured in [14], where a system for multime-
dia management is proposed. The system supports: automatic information extraction,
retrieval, semantic interpretation of the relevant information presented in the docu-
ment, storing and long term preservation. Since an e-Gov document is typically com-
posed by various multimedia data types (images, text, graphic objects, audio, video
etc.), the textual processing phase involves the use of legal ontologies.

The systems described above are semantic-enabled CMSs with possibly more re-
lated capabilities than the “semantically enhanced” Alfresco presented here. However,
the aim of this work is to convert a “traditional” CMS into a semantically-enabled
system, offering the capability of interoperation with other applications via import-
ing/exporting ontologies, which is a feature none of the other systems possesses.

3. Alfresco

Alfresco [9] is an open-source enterprise CMS and is considered a pioneer in its do-
main. It comprises a client/server application that provides a powerful Application
Programming Interface (API) for web services integration. The server-side of the
software resides inside an application server, where the Alfresco application and re-
pository are kept. On the other hand, the client-side does not require installation of
additional packages, as it is launched by the user’s web browser and runs like a typi-



cal web application. This modular architecture provides the advantage that existing
components can be replaced, providing better implementation and optimum integra-
tion with existing environments/applications. Additionally, unneeded features can be
removed, offering a lighter and potentially more flexible version of the system.

Alfresco integrates a variety of cutting-edge open-source technologies and can co-
operate with any popular data base repository. Furthermore, Alfresco is fully com-
patible with XML, supporting importation and exportation of content in any XML
format (e.g. Dublin Core). Moreover, the system is strongly supported by a wide de-
veloper community. In order to encourage further development of the system, the Al-
fresco Company consistently offers the latest Alfresco versions openly to the commu-
nity and has translated the software in more than 20 languages.

The two most important factors for choosing Alfresco as the development platform
were its distributed architecture and open source code. The former is based on a scal-
able Service-Oriented Architecture (SOA), while the latter allows for incorporation of
further technologies into the system as well as the extension and interoperability with
external applications. Additional advantages involve Alfresco being easy to install
and use, without requiring any additional third-party applications and its support by
well-written documentation as well as an enthusiastic developer community.

4. Implementation: Alfresco Semantic Extensions

A running example will be used throughout section 4, for illustrating the usability of
the presented implementation. The International Hellenic University (IHU) was cho-
sen as the application domain, since it is a newly founded state organization that in-
evitably faces the challenge of managing large volumes of administrative documents
and is currently developing its ICT infrastructure. In addition to improving content
management and information search and retrieval, the deployment of a semantically-
enabled CMS in organizing IHU will also contribute in the semantic interoperability
between the institute and other organizations (e.g. Ministry of Education, other uni-
versities, international education-related organizations etc.).

4.1. Source Ontology Specifications

The Alfresco extension is designed to accept as input all RDF/S ontologies that com-

ply with the following specifications:

¢ The input ontology can contain any number of classes, subclasses and properties.

¢ Only data type properties are allowed in the ontology, since Alfresco cannot handle
object properties.

e Each class should have a label that will enclose a human-readable identifier for the
class. The tag content is used for representing the class in the Alfresco front-end.

e Hierarchy correlations among classes and subclasses are allowed, but their property
counterparts (properties/subproperties) are not, as Alfresco does not support them.
As a sample model, an RDF/S ontology was deployed that was used for testing the
Alfresco semantic extensions and represents the organizational chart of IHU, contain-



ing 25 classes and 20. The root class in the hierarchy is “University Branch” that de-
clares a categorization of the various operational branches of IHU and has four sub-
classes, “Administrative Board”, “Administration”, “Secretary”, “Department”, which
are further subdivided.

4.2.  Importing Ontologies into Alfresco

Initially, the Ontology Loader module reads the input RDF/S ontology that conforms
to the above specifications and detects all included classes, subclasses and properties,
as well as their interrelations. For accomplishing these tasks, the software deploys the
Jena Semantic Web Framework [15] and the Pellet reasoner [16]. Since Alfresco
treats classes (represented as “categories” in Alfresco) and properties (represented as
“aspects”) separately, the module also follows this principle, generating two separate
vectors that include classes (vector V¢) and properties (vector Vp), respectively. Each

vector member “is aware” of all relevant information, e.g. a member class C; € V¢ is

aware of all its predecessor and descendant classes, while a member property p; € Vp

is aware of its domain and range. Eventually, the Ontology Loader passes vector V¢ to
the Categories Manager module and vector Vp to the Aspects Manager module,
which are the components responsible for updating repository content.

The Categories Manager module modifies file categories.xml (a core Alfresco
XML file responsible for classifying repository content), adding the categories/classes
that were extracted from the ontology (vector V¢). The new categories are appended,
starting with the root superclass (i.e. the class that has no further superclasses) and
gradually proceeding to its subclasses etc. In case of categories with more than one
parent category, the corresponding child category is appended more than once into the
document. The process terminates, when all members of vector V¢ have been added.
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Fig. 1. Ontology import plug-in architecture (left); Ontology export plug-in architecture (right).

The Aspects Manager module, on the other hand, is responsible for adding the ex-
tracted properties (vector Vp) into myModel.xml (another core file responsible for
properties, rules and metadata). For every class that appears as domain in (at least)



one of the detected properties, a new aspect with the same name is created. The range
of the property determines the type of the aspect and the process terminates, when all
members of vector Vp have been added.

Finally, the Ul Manager module is responsible for modifying file web-client-
config-custom.xml that is responsible for displaying the aspects and categories in the
Alfresco web client front-end. The module receives the two vectors V¢ and Vp from
the previous two modules and proceeds to three basic modifications to the file. Firstly,
the classes and their properties are declared. Secondly, the module has to define
which classes should appear in the Alfresco wizard for creating rules on the content.
The third modification involves the aspects that will be included in the Alfresco
search window. Fig. 1 (left) displays the architecture of the implemented plug-in re-
sponsible for importing an ontology into Alfresco.

4.3. Exporting Ontologies from Alfresco

The process of exporting ontologies from the repository was integrated as a second
plug-in to the system, which implements a similar but functionally inverse approach.
Again, the two Alfresco core files that play a major role are categories.xml and my-
Model.xml, the former provides the set of RDF/S classes, while the latter is responsi-
ble for generating the corresponding set of properties. This process is realized via two
of the modules presented previously: Categories Manager and Aspects Manager.

The Categories Manager module initially parses the Alfresco file categories.xml,

creating a vector of categories/classes V¢'. Each member category ¢;' € V¢' is aware of

its direct predecessor, which will be included as the corresponding superclass in the
resulting RDF/S ontology. This procedure excludes any root classes, which are con-
sidered subclasses of rdfs:Resource, the top RDF/S class. The Aspects Manager
module, on the other hand, parses file myModel.xml, searching for properties. A cor-
responding property vector Vp' is created that contains properties; each member prop-

erty pj' € Vp' is characterized by its name, the property range and the property domain.

The two vectors (V¢' and Vp') are then passed to the Ontology Extractor module
that actually creates the resulting RDF/S ontology through Jena. Fig. 1 (right) displays
the architecture of the ontology export plug-in.

4.4. Integrating into Alfresco

After implementing the two plug-ins, the final task was to integrate the application
into Alfresco. This process involves modifying the following Alfresco files: (a) faces-
config-custom.xml, where the JSF-managed listener beans reside, (b) web-client-
config-custom.xml, which is responsible for customizations to the Alfresco front-end,
and (c) titlebar.jsp that contains the statement declarations for the newly developed
front-end buttons that will appear on the Alfresco GUI toolbar.

Two frames were developed for assisting the user in importing and exporting an
ontology, respectively. The Ontology Import Frame (OIF) (Fig. 2 - left) requires from
the user to enter the path of the input ontology as well as the locations of the three Al-



fresco core files (categories.xml, myModel.xml, web-client-config-custom.xml), as de-
scribed previously. The plug-in automatically detects the locations of the respective
Alfresco files, but the user also has the option of browsing for a different location.
Next to each text field in OIF there is an “Import” button, for modifying each of the
three files separately, but there also exists a choice for mass modification (“Import
AlI”’), through which the user can merge all three ontology importing steps into one.
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Fig. 2. Developed frames for importing (left) and exporting (right) an ontology.

Similarly to OIF, the Ontology Export Frame (OEF) (Fig. 2 - right) consists of text
fields, where the user again has to provide file paths. OEF operates in two modes: the
user can either export the repository content into two separate ontology files (one for
classes and one for properties), or, alternatively, a merged export can be performed,
exporting the content into one single file. This dual functionality was considered use-
ful, since Alfresco stores representations for classes/categories and properties/aspects
in different locations, without ensuring that consistency is maintained. Buttons “Ex-
port All” and “Export All In One” perform these the two distinct operations.

5. Conclusions and Future Work

This paper argued that CMSs offer various advantages to enterprises and organiza-
tions for managing the large volumes of information, but also display certain disad-
vantages. The application of Semantic Web technologies in content management of-
fers various benefits, like semantic interoperability, dramatic cost reductions, revenue
improvements and competitive advantages. This paper presented a semantic extension
to a leading Enterprise CMS, called Alfresco for automatically importing and export-
ing RDF/S ontologies. The added functionalities enable re-use of Alfresco repository
content, semantically-enabled search and interoperability by a variety of other third-
party applications. IHU was chosen as the test domain for the implemented system,
which was used for managing the subset of managerial and administrative documents.

As for future work directions, an interesting improvement would be to have the
system import and export ontologies encoded in a more expressive language, like
OWL. Another appealing extension would be the integration of a reasoning engine,
which would allow Alfresco to automatically classify content classification. Further
operations that Alfresco can cover can be discovered by its application in different
environments, such as educational institutes, enterprises and, generally, any organiza-



tion that deals with voluminous collections of documents. Finally, it would be inter-
esting to study whether the “semantic-oriented” methodologies developed for Al-
fresco can also be applied in other “traditional” CMSs, like e.g. Plone [17].
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