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Abstract. A large number of websites are driven by content manage-
ment systems (CMS), which manage not only textual content but also
structured data related to the site’s topic. Exposing this information to
the Web of Data has so far required considerable expertise in RDF mod-
elling and programming. We present a plugin for the popular CMS Dru-
pal that enables high-quality RDF output with minimal effort from site
administrators. This has the potential of greatly increasing the amount
and topical range of information available on the Web of Data.

1 Introduction

Semantic Web technologies have matured to the point where they are increas-
ingly being deployed on the Web. Large amounts of RDF data can now be
accessed over the Web as Linked Data. This data is used by a variety of clients,
such as RDF data mashups that integrate information from various sources,
search engines that allow structured queries across multiple sites and datasets,
and data browsers that present a site’s content in new ways.

But the traditional Web still dwarfs this emerging Web of Data. Thus, the
task of “RDFizing” existing websites, which contain structured information such
as events, personal profiles, ratings, tags, and locations, is important and of
high potential benefit. The recently finished RDFa[l] standard supports this by
allowing RDF to be embedded into existing HTML pages.

The Web features some huge websites with millions of pages and users. But
a lot of the Web’s interest and richness is in the “long tail”, in smaller special-
interest websites, such as cheese reviews, which will be our example for this
demonstration. Our goal is to make domain data from such sites available as
RDF. This is challenging for several reasons:

No dedicated development staff. Smaller websites usually run off-the-shelf
software, such as CMS, wikis, or forums. Site operators cannot build the
RDF support themselves, it has to be provided by the software or plugins.

Per-site schemas. The domain schema differs from site to site. The mapping
from the site’s schema to RDF vocabularies or ontologies cannot be pre-
defined by a software developer; it must be defined by the site operator.



No ontologists. Site administrators will have little interest in learning the de-
tails of RDF and description logics. The process of configuring RDF support
has to be simple and straightforward, or else it won’t be used.

We show a practical and easy-to-use system that overcomes these challenges
and allows the publication of high-quality RDF data from websites that run on
off-the-shelf content management systems. It targets the popular Drupal CMS.

2 Drupal and the Content Construction Kit

We will start by briefly introducing Drupal' and some of its terminology. Drupal
is a popular open-source content management system (CMS). It is among the top
three open-source CMS products in terms of market share[5]. Drupal facilitates
the creation of websites by handling many aspects of site maintenance, such as
data workflow, access control, user accounts, and the encoding and storage of
data in the database.

A site administrator initially sets up the site by installing the core Drupal
Web Application and choosing from a large collection of modules that add spe-
cific functionality to the site. Site administrators need a fair bit of technical
knowledge to choose and configure modules, but usually do not write code; this
is done by module developers instead. After the site has been set up, Drupal
allows non-technical users to add content and handle routine maintenance of
the site.

Each item of content in Drupal is called a node. Nodes usually correspond to
the pages of a site. Nodes can be created, edited and deleted by content authors.
Some modules extend the nodes, for example a comment module adds blog-style
comment boxes to each node.

Another example is the Content Construction Kit (CCK), one of the most
popular modules used on Drupal sites. It allows the site administrator to define
types of nodes, called content types, and to define fields for each content type.
Fields can be of different kinds such as plain text fields, dates, email addresses,
file uploads, or references to other nodes. When defining content types and fields,
the site administrator provides the following information:

— label, ID, and description for content types and fields,

— fields can be optional or required,

fields can have a maximum cardinality,

fields that reference other nodes can be restricted to nodes of a certain type.

For example, for a cheese review website, the site administrator might define
content types such as Cheese, Review, and Country of Origin. The Cheese type
might have fields such as description, picture, and source of milk.

Thus, site administrators use the CCK to define a site-specific content model,
which is then used by content authors to populate the site. The focus of the work
we are presenting here is to expose this CCK content as RDF on the Web.

! nttp://drupal.org/



3 Weaving Drupal into the Web of Data

Given a Drupal CCK content model consisting of content types, fields, and nodes
that instantiate the types, what would be a good way of representing it in RDF?
We consider the following features desirable for the RDF output which are in
line with the Linked data principles and best practices [3, 4]:

Resolvable HTTP URIs for all resources, to take advantage of existing tools
that can consume Linked Data style RDF content.

Re-use of published ontology terms. To support sites of arbitrary subject
matter, we cannot in any way pre-define the RDF classes and properties
that should be used to express the data. The site administrator has to select
them when setting up the content model. But to enable queries across sites,
it is necessary that the sites use the same (or mapped) vocabularies. This
requires that both sites import vocabulary terms from somewhere else.

Expressing Drupal constraints in OWL. Constraints that are defined on
the types and fields (domains, ranges, cardinalities, disjointness) should be
automatically published as RDF Schema or OWL expressions.

Auto-generate terms where necessary. Re-use of published ontology terms
is important for interoperability, but not always possible or practical, as there
might be no existing ontology term matching a type or field, or finding them
is too hard.

Safe vocabulary re-use. Mixing the content model constraints with constraints
of a published ontology might have unintended semantic effects, especially
since most site administrators will not be familiar with the details of OWL
semantics. For example, a carelessly applied cardinality constraint could af-
fect the definition of a shared vocabulary term, rendering data published
elsewhere inconsistent. The system must prevent such effects as far as pos-
sible.

These features strike a balance between preserving as much information as
possible from the original content model, keeping the barrier to entry low, and
enabling interoperability between multiple data publishers and consumers.

3.1 Site Vocabularies for Basic RDF Output

When the module is first enabled, it defaults to auto-generating RDF classes
and properties for all content types and fields. Thereby it provides zero-effort
RDFa output for a Drupal site, as long as no mappings to well-known public
vocabularies are required.

An RDFS/OWL site vocabulary document that describes the auto-generated
terms is automatically generated. The definitions contain label, description, and
constraints taken from the CCK type/field definitions. The HTML views of all
nodes contain RDFa markup for the type and all shown fields, using the auto-
generated classes and properties.



3.2 Mapping the Site Data Model to Existing Ontologies

To map the site data model to existing ontologies, the site administrator first
imports the ontology or vocabulary. We assume that it has been created using
a tool such as Protégé?, OpenVocab?, or Neologism*, and published somewhere
on the Web in RDF Schema or OWL format.

For every content type and field, the site administrator can choose a class or
property it should be mapped to. Mappings are expressed as subclass/subproperty
relationships. For instance, if the field description on type cheese is mapped
to Dublin Core’s dc:description, then a triple site:cheese Description
rdfs:subProperty0f dc:description would be added to the site vocabulary.

This subclassing is a simple way of minimizing unintended conflicts between
the semantics of local and public terms. Per OWL semantics, constraints imposed
on the local term by the content model will not apply to the public term. This
ensures safe vocabulary re-use[2).

It must be stressed that this mapping step is optional, and the main benefit
of the Web of Data — exposing site data for re-use by third parties — is realized
by the default mapping.

4 The User Experience

This section describes our cheese review site from a user point of view, and shows
an example of what can be done to reuse the RDFa data.

Cheese and reviews. Figure 1 shows a cheese entry and its user review. Using
the Content Construction Kit, we defined a type (1) cheese with fields for the
name of the cheese, the source of the milk, the country of origin, a picture and
a description and (2) cheese_review with fields for the title of the review, a
reference to the cheese being reviewed and the review.

s/
— 1

User login Requeijdo

Reviews:
its good

Fig. 1. A cheese with a review. Users can create new cheese entries and add reviews.

2 http://protege.stanford.edu/
3 http://open.vocab.org/
4 http://neologism.deri.ie/



Content type and field mapping. The module adds a “Manage RDF mappings”
page to the CCK interface as shown in Figure 2 (left). For a given content type,
it offers to map the type to an RDF class and each field to an RDF prop-
erty. We have mapped the Cheese type and its fields to previously imported
RDF terms. In order to ease the mapping process and prevent confusion be-
tween classes and properties, the module will only display RDF classes or RDF
properties where appropriate. Moreover an AJAX autocomplete search through
the imported terms allows the user to quickly identify the most relevant terms
for each mapping. These measures help to make the mapping process a fairly
straightforward task that does not require deep understanding of the Semantic
Web principles.

Cheese Edit  Manage fields Display fields
Specify the RDF class of this content type. You can also map the CCK fields to existing RDF 6 ) ) Countryof 3w
properties. Cheese filtered from 15 originally (Reset All Filters) origin
: 4
ROF class: sorted by: labels; then by... » © grouped as sorted France !
ov: Cheese Germany [
TR Ireland [m]
Brie
“ Country: France Ttaly O
Label Name Type RDF property . Milk: cow Portugal
Name Node module form rdfs:labe 1. United m]
Kingdom
Picture field_picture Image [foaf:depiction Cambozola A
Description fleld_description  Text |descrip] K e e Country: Germany Source of milk
Milk: cow cow
Source of milk  field_source_milk  Text |dc:description 2.
goat
Country of origin _ feld_country_origin Text | Castelo Branco
% Country: Portugal
© | Milk: goat Type 1%
’ y ¥
(sava) doap:license
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Fig. 2. RDF mappings management (left) and Exhibit view (right).

Ezhibit view. Next we show a simple example of using the site’s RDFa data.
Exhibit® now supports RDFa natively and it is easy to setup a basic faceted
browsing interface on top of an RDFa page. In our example, Exhibit allows
filtering of the cheese types via several facets, as shown in Figure 2 (right).

5 Conclusion and Future Work

The presented system differs from existing approaches in several ways. SIOC
erporters and similar fixed-schema RDF generators cannot deal with the case
where the site schema and its mapping into RDF terms are defined by the site
administrator at setup time. Database-level RDF exporters, such as Triplify®,
require understanding of database technologies and of the application’s internal
database schema. Semantic Media Wiki” and similar systems address a different
use case: all content authors, rather than just the site administrator, collabora-
tively define the structure of the site. We address the common case where the
site’s basic structure should not be changed by individual content authors.

® http://simile.mit.edu/exhibit/
S http://triplify.org/
" http://semantic-mediawiki.org/wiki/Semantic_MediaWiki



The presented system is a working prototype®. The module used for the pro-
totype and discussed in this paper is available on drupal.org?. Further planned
improvements include the use of the semantics of imported ontologies (e.g. do-
main, range and disjointness constraints) to restrict the selection of available
classes and properties in the RDF mapping UI.

Another issue remains for the larger RDF community to solve: a complex part
of the process of generating high-quality RDF is the task of finding and choosing
good vocabularies and ontologies. There are some services that support this task,
but they are not sufficient and this task remains difficult for non-experts. This
is a major problem that the community needs to address in order for the Web
of Data to succeed.
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