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Abstract. Inspired by the Google Wonder Wheel1 , in this paper we
present Semantic Wonder Cloud (SWOC): a tool that helps users in knowledge exploration within the DBpedia dataset by adopting a hybrid approach. We describe both the architecture and the user interface. The
system exploits not only pure semantic connections in the underlying
RDF graph but it mixes the meaning of such information with external
non-semantic knowledge sources, such as web search engines and tagging
systems. Semantic Wonder Cloud allows the user to explore the relations
between resources of knowledge domain via a simple and intuitive graphical interface.

1

Introduction

“The Web, they say, is leaving the era of search and entering one of discovery.
What’s the diﬀerence? Search is what you do when you’re looking for something.
Discovery is when something wonderful that you didn’t know existed, or didn’t
know how to ask for, ﬁnds you.”[11]. When Jeﬀrey O’Brien wrote this sentence
in 2006, he was referring to recommender systems on the web [1]. Nevertheless,
it can be also interpreted in a broader sense if we think that the recommended
items are pieces of knowledge extracted from a knowledge base. In other words,
that sentence summarizes in an excellent way the problem of information discovery in a knowledge repository. The main issue there is assisting a user to
discover new knowledge in a repository and what might be the role played by
the interconnected nature of the Semantic Web.
Thanks to its hyperlinked structure, the Web deﬁned a new way of browsing
documents and knowledge: selection, navigation and trial-and-error tactics [12]
were and still are exploited by users to search for relevant information satisfying
some initial requirements. In [12], the author distinguishes among three distinct
categories of search strategies: lookup, learn and investigate. He also groups the
last two under the umbrella of exploratory search. Lookup has database systems as background technology and it is used for ﬁnding exact information, i.e.,
1
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records in a database or documents containing a speciﬁc keyword. The above
mentioned search strategy is by far the most used in the current “syntactic” web
where the information sources are mainly based on textual documents. Nevertheless, it is applied in many of the current applications exploiting structured
metadata available in the Semantic Web: records are RDF triples and keywords
are URIs with a speciﬁc associated meaning (semantics). In the other two search
strategies – learn and investigate – the ﬁnal aim of the end user changes [13].
She is no more interested in a fact retrieval or query answering but her focus is
on:
Learn: Knowledge acquisition, comprehension of new concepts and ideas, comparison of information;
Investigate: Analysis, synthesis, evaluation, knowledge discovery.
In this paper, inspired by Google Wonder Wheel, we present Semantic Wonder
Cloud (SWOC): a tool for exploratory knowledge search for DBpedia [5]. Diﬀerently from other RDF explorers, SWOC allows the user to explore DBpedia not
just via directed links in the RDF dataset but via newly computed associations
between DBpedia nodes. Such new associations are computed exploiting extraknowledge extracted from Web search engines and social tagging systems. Main
contributions on this paper are:
– novel approach to exploratory search in the Semantic Web: in this work we
focus on DBpedia and present a new way to explore a RDF dataset discovering
new knowledge associations;
– visual tool to guide the user during the knowledge discovery process;
– hybrid approach to rank pairs of resources on DBpedia: our system mixes a
semantic-based approach, which relies on the structure of the RDF graph, and
a text-based IR approach, which computes the popularity of the resources by
querying external information sources
The remainder of this paper is structured as follows. In Section 2 we present Linked
Data and in particular DBpedia as the knowledge base we use in this work. Section
3 provides details on the implementation of SWOC. Section 4 overviews related work.
An outline of the future work concludes the paper.

2

Linked Data and DBpedia

The idea behind Linked Data [4] is using the Web to allow linking data and
simplifying the publication of new interconnected data on the Web. It proposes
a new method of exposing, connecting and sharing data through dereferenceable
URIs on the Web. The goal is to extend the Web by publishing various open
datasets as RDF triples on the Web and by setting RDF links between data items
from diﬀerent data sources. According to this aim, URIs are fundamental to
identify everything. Using HTTP URIs, things can be referred to and looked up
both by people and by agents. Linked Data uses RDF to describe things in the
world. In this paper we focus on DBpedia [5], that is one of the main clouds of the
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Linked Data graph. It is the machine-understandable equivalent of Wikipedia
project. It is possible to ask queries against DBpedia (through its SPARQL endpoint http://dbpedia.org/sparql), and link other data sets on the web to
DBpedia data. Currently the DBpedia dataset (version 3.5.12 ) contains almost
three million and half resources, including more than three hundred thousand
persons, over four hundred thousand places, thousands of ﬁlms, companies, music albums, etc.. All this information is stored in RDF triples. The whole knowledge base consists of over one billion triples. DBpedia labels and abstracts of
resources are stored in 92 diﬀerent languages. The graph is highly connected to
other RDF dataset of the Linked Data cloud. There are more than half million
categories, inherited from Wikipedia, and almost one hundred thousand YAGO
[21] categories. DBpedia has many strong points over existing knowledge bases:
it is spread over many domains; being based on Wikipedia, it represents a real
community agreement; it follows the changing in Wikipedia, so it is continuously
updated; it is multilingual. Moreover DBpedia has a central role in the Linked
Data community eﬀort: it is one of the central interlinking-hubs of the emerging
Web of Data, inducing data providers to link their RDF datasets to DBpedia. The
DBpedia RDF dataset is hosted and published using OpenLink Virtuoso 3 . This
infrastructure gives access to DBpedia’s RDF data through a SPARQL endpoint,
with HTTP support for any Web client’s standard GETs for HTML or RDF representations of DBpedia resources. In DBpedia there is a special kind of resources
called categories4 . Since in Wikipedia they are used to classify and cluster sets
of documents, in DBpedia they classify sets of resources. They might be seen
as abstract concepts describing and clustering sets of resources. As a matter
of fact, to stress this relation, every DBpedia category is also a skos:Concept.
Moreover, since DBpedia categories have their own labels we may think of these
labels as names for clusters of resources. Most categories can have a number
of other categories listed as subcategories. Exploring from more general categories to more speciﬁc ones it is possible to cluster resources according to more
ﬁne-grained domains. Similarly, navigating towards more general categories the
obtained clusters will be broader and less domain-speciﬁc. In order to avoid an
explosion of articles belonging to a given Category, articles are not usually placed
in every category which they logically belong to. In many cases they are placed
just in the more speciﬁc subcategories. For this reason, in Wikipedia it may
be necessary to dig up to ﬁnd all the categories an article belongs to. DBpedia
maintains these hierarchical relations using the SKOS vocabulary. In particular
the property skos:subject of the SKOS vocabulary relates a Wikipedia article to
its Category. Actually the skos:subject property has been deprecated from the
SKOS vocabulary, although it has not yet been replaced by any other property5 .
2
3
4
5
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Similarly in DBpedia a Category is linked to another Category (speciﬁcally a
subcategory to its category) through the skos:broader property.

3

SWOC: Semantic Wonder Cloud

The graph-based structure of datasets in the Semantic Web allows a natural
visualization and browsing of the formalized information simplifying the implementation of learning and investigating strategies for knowledge acquisition
and discovery. Using an Orienteering [22] behavior, a user starts from an initial
vague idea of what she is looking for and navigates through the information
space. It has been shown that Orienteering navigation decreases the cognitive
load, maintains a sense of location and gives a better feeling for context [10].
Eﬀective user interfaces play a crucial role in order to provide a satisfactory
user experience during an exploratory search. There are two main trends in visualizing and navigating RDF datasets [6]: via browsing a labeled oriented graph
or displaying RDF properties as browsable facets of a node. The main issue of
both approaches is to ﬁlter information which is not relevant for the explorative
task. If we visualize all the triples together with their connections we have a
huge unreadable representation of the underlying knowledge [18]. In fact, RDF
triples are conceived to represent information for machine-to-machine interaction. A lot of information tripliﬁed in datasets is very useful in many automated
computational tasks (e.g., web service interaction) but it is completely useless
from a human perspective during an exploratory search [7].
In this section we introduce Semantic Wonder Cloud (SWOC), a tool
that helps users in exploratory knowledge search in DBpedia. The frontend of the system, inspired by Google Wonder Wheel, is available at
http://sisinflab.poliba.it/semantic-wonder-cloud/index/. A sketch of
the functional architecture is represented in Figure 1. SWOC consists of two main
subsystems. The ﬁrst subsystem, the SWOC explorer, is a Graphical User Interface (GUI) designed to allow exploration of DBpedia. The second subsystem
– DBpediaRanker – is the back-end of the whole system whose main task is
to compute similarity between pairs of DBpedia nodes. In order to compute a
similarity value between two resources res1 and res2 , DBpediaRanker performs
three main tasks:
– analysis of the underlying RDF graph structure;
– textual analysis on the abstract of the resources;
– exploitation of external information sources, such as search engines and
social tagging systems.
More details are provided in Section 3.1.
We stress that, diﬀerently from common RDF visualization tools6 , SWOC does
not visualize the DBpedia RDF graph as it is. There are some key diﬀerences
w.r.t. other RDF explorers.
6
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Fig. 1. Semantic Wonder Cloud functional architecture

– The graph displayed by SWOC represents possible new associations between
resources computed by mixing the semantic knowledge formalized in the
DBpedia dataset and the non-semantic statistical knowledge available from
web search engines and social tagging systems. Hence, the navigation is
driven by knowledge associations between resources rather than guided by
the structure of the underlying dataset. Displayed associations may even not
exist in the original DBpedia graph.
– Each node in the displayed graph has a diﬀerent size representing how relevant it is with respect to the resource represented in the center of the graph
itself.
– There are two main classes of nodes in SWOC: one representing DBpedia categories, the other representing instances. This reﬂects in some way the different nature of the knowledge they represent. Categories are used to group
and classify resources. Hence, if the user clicks on a category node then she
sees the most relevant (popular) instances of that category together with its
most relevant categories.
Referring to the previous characteristics, our tool has been designed to be a user
centered explorer of RDF knowledge bases rather than a common RDF graphic
visualizer. Actually, SWOC can not be considered an RDF visualizer in the classical
sense. It is a tool useful to help end-users in exploratory knowledge search.
Usually end-users do not care about obtaining a sketch of the whole result set
(think to results returned by a search engine: rarely you would go beyond the
second page), but are more interested in ﬁnding something relevant among the
ﬁrst results. Thanks to SWOC, end-users can navigate from a resource to another
one exploring and discovering new knowledge. Following the exploratory search
paradigm, SWOC diﬀerentiates also from traditional search engines. The latter
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allow to ﬁnd what you are looking for and already know, SWOC allows to explore
what you probably did not know to exist.
3.1

Backend

In this section we describe the back-end of the system, based on our hybrid
ranking algorithm DBpediaRanker [14], used to rank resources in DBpedia. This
algorithm computes the relevance of DBpedia resources w.r.t. a starting node.
In a nutshell, DBpediaRanker explores the DBpedia graph and queries external information sources in order to compute a similarity value for each pair of
resources reached during the exploration.
The graph browsing, and the consequent ranking of resources, is performed
oﬄine and, at the end, the result is a weighted graph where nodes are DBpedia
resources and weights represent the similarity value between any pair of nodes.
The graph so obtained will then be used at runtime in the exploratory search, to
look for resources that are semantically related to the initial one. The similarity
value between any pair of resources in the DBpedia graph is computed querying
search engines and social bookmarking systems and exploits textual and link
analysis in DBpedia. For each pair of resources in the explored graph, we perform
a query to each external information source: we search for the number of returned
web pages containing the labels of each node individually and then for the two
labels together. Moreover, we look at, respectively, abstracts in Wikipedia and
wikilinks, i.e., links between Wikipedia pages. Speciﬁcally, given two resource
nodes res1 and res2 , we check if the label of node res1 is contained in the
abstract of node res2 , and vice versa. The rationale behind this check is that if
a DBpedia resource name appears in the abstract of another DBpedia resource it
is reasonable to think that these resources are related with each other. For the
same reason, we also check if the Wikipedia page of resource res1 has a link to
the Wikipedia page of resource res2 , and vice versa.
The back-end of SWOC is composed by the following components:
– Graph Explorer: it explores the DBpedia graph, through SPARQL queries,
starting from a set of initial seeds. Each node is explored within a predeﬁned
number of hops and following a predeﬁned set of properties. If you want to
explore only a domain-speciﬁc subset of the DBpedia graph (see below), the
initial seeds have to belong to that domain (i.e. to the same context). During
our experiments we set the maximum explored depth equal 2, and we explored the graph following two properties belonging to the SKOS vocabulary,
i.e., skos:subject and skos:broader (see Section 2). A deep explanation
of these choices is provided in [14].
– Context Analyzer: it allows to limit the exploration of the graph to a
speciﬁc context. In this paper the exploration has been limited to the IT domain (speciﬁcally databases and programming languages). It uses the Ranker
(see below) to determine if a resource belongs to the context. The context is
represented by the most popular DBpedia categories (see Section 2), i.e., the
categories that are reached more often during the exploration of the graph.
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For example, in the selected domain, one of the most popular categories is
Programming languages 7 .
– Ranker: this is the core component of the system. It determines a similarity value between any pairs of nodes (res1 and res2 ) discovered by the
Graph Explorer ; this similarity value is the weight associated to the edge
between the two resources. The score is computed by querying the external
information sources with the following formula:
pres1 ,res2
pres1 ,res2
+
(1)
sim(res1 , res2 , inf o source) =
pres1
pres2
where pres1 ,res2 is the number of documents that contain (or have been
tagged with) both the label associated to res1 and the one associated to
res2 , and pres1 and pres2 are the number of documents that contain (or
have been tagged by) the label associated to respectively res1 and res2 .
Furthermore Ranker exploits additional information from DBpedia. In fact
it checks if there is a dbpprop:wikilink between res1 and res2 and vice versa,
and in positive case it assumes a stronger relation between the two resources.
Finally, the component checks if the label of res1 is contained in the abstract
of res2 and vice versa.
– Storage: all the similarity values between the pairs of resources, together
with the “popularity” of each resource (calculated as the number of times
that each node is reached in the exploration) are stored in a DBMS for an
eﬃcient retrieval at runtime.
3.2

Interface

The interface of SWOC is a Flash-based web application that presents the knowledge stored in the back-end (see Section 3.1). A screenshot of the web interface
is presented in Figure 2.
The ﬁrst step for the user is the choice of a node to start the exploration.
This is done by keying in some characters, concerning a subject to explore, in
the text ﬁeld marked as (a) in Figure 2. The system responds with an autocomplete list containing a set of labels which refer to DBpedia resources where
each of them is described by a unique URI which identiﬁes it with no ambiguity.
This list is obtained by querying the DBpedia URI lookup web service8 . Note
that, thanks to the uniqueness of DBpedia URI identifying suggested resources,
the system does not suﬀer from problems such as synonymy or polysemy as for
simple keywords-based queries to search engines.
After the user selects a resource res1 from the drop down list, the system
generates a graph, centered in res1 (that has the maximum circle radius), and
whose constellation is constituted by the ten most similar resources resi , (i =
1, ..., 10), w.r.t. res1 . If a DBpedia category is highly relevant w.r.t. resn , it is
drawn in the constellation with a diﬀerent color (the radius of the circle follows
the same rules as seen before).
7
8
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Fig. 2. Semantic Wonder Cloud web-interface

As seen in Section 3.1, the similarity value between res1 and its constellation
has been calculated oﬀ-line by the Ranker. In the interface the similarity value
is normalized on a scale in the range [1, 10] and rounded to the nearest integer,
where 10 means that resi is highly relevant w.r.t. res1 (according to our Ranker ),
and 1 means that res1 and resi are not very similar. These values inﬂuence
the size of the circle radii: the bigger the constellation’s circles are, the more
important the referring resources are w.r.t. res1 .
In order to generate the graph, SWOC uses a XML ﬁle containing information on:
relation types (instance, category), the types of node, the nodes to be plotted
and the relations among them. An example of such ﬁle is:
<?xml version="1.0" encoding="UTF-8"?>
<RelationViewerData>
<Settings appTitle="Semantic Wonder Cloud" startID="7" defaultRadius="150" maxRadius="180">
<RelationTypes>
<UndirectedRelation color="0xAAAAAA" lineSize="4"/>
</RelationTypes>
<NodeTypes>
<Node1/>
<Node2/>
...
<Node10/>
</NodeTypes>
</Settings>
<Nodes>
<Node10 id="7" name="PHP" URI="http://dbpedia.org/resource/PHP" dataURL="moreNodes.php?id=7">
<![CDATA[
PHP: Hypertext Preprocessor is a widely used, general-purpose scripting language that was originally
designed for web development to produce dynamic web pages. For this purpose, PHP code is embedded ...
]]>
</Node10>
...
</Nodes>
<Relations>
<UndirectedRelation fromID="7" toID="69"/>
...
</Relations>
</RelationViewerData>

Each node corresponds to a DBpedia resource, and it can be uniquely identiﬁed
by its URI. It has also an abstract which goes in the CDATA section of the Node
content.
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Being the whole DBpedia dataset constituted by more than three millions
resources, it was not feasible to have a single XML ﬁle containing all the nodes.
Even in cases where the Context Analyzer (see Section 3.1) had limited the graph
exploration, the number of nodes would still be large, and the relations among
nodes would be a really huge set9 . For this reason we opted a dynamic creation
of the required XML ﬁle. For each selected resource (i.e., a node that appears in
the center of the graph), the corresponding XML ﬁle is dynamically created at
run-time by querying the DB populated by the Storage module in the oﬀ-line
computation. The SQL2XML Converter component of the system (see Figure
1) takes as input the ID of the resource resn to explore, then it queries the
underlying database and generates the XML ﬁle containing the top-10 relevant
nodes w.r.t. resn . Finally the Graph Generator accepts as input the XML ﬁle
previously created and plots the corresponding graph on the screen.
During the exploration, a local list (marked as (b) in Figure 2) is populated
with discovered nodes up to that moment: it is possible to browse a node from
that list in order to directly explore it. Moreover the system keeps track of the
exploration path (marked as (c) in Figure 2): the user can move backward and
forward through resources that have previously been explored.
On the right side of the interface, an area is displayed containing the DBpedia
abstract of the selected resource resn , together with its URI and the set of the
most relevant DBpedia categories resn belongs to.

4

Related Work

The rapid growth of semantic metadata and related ontologies in the Semantic
Web of Data asks for new tools and approaches to data exploration and visualization. Nowadays, RDF datasets with their formalized knowledge are not only
developed for machine-to-machine interaction but also for knowledge discovery
and navigation. One of the main issues to be faced is how to manipulate these
huge repositories of information in a “overview ﬁrst, zoom and ﬁlter, then detailson-demand ” fashion as pointed out in [19]. Here we discuss only some approaches
representative of the graph-based approach and of the faceted one even though
alternative solutions have been adopted for speciﬁc tasks [17]. We do not focus
on issues typical of clustering and faceted categories for information exploration
(see [9]) but we concentrate on speciﬁc problems related to the semantic nature
of the underlying data. Many approaches to semantic data visualization adopt
a graph-based approach exploiting concept relations, entities aggregation and
number of nodes instantiating a given class. In [15] the authors focus on discovering disconnections in the ontology graph for a visualization of smaller graphs.
Although the smaller dimension of the visualized graphs the approach does not
scale well for huge dataset as DBpedia. Moreover, it exploits only topological
information to suggest the navigation of the graph. In [20], a cluster-based visualization is adopted. Also in this case only relations explicitly stated in the
9
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dataset are displayed. A slightly diﬀerent approach is adopted in [10] where the
author focuses on a visual rendering of information stored in Freebase10 and
Wikipedia. In the latter case they use SemanticProxy11 to extract structured
information from textual pages. In this case the graph displays only some aggregated and ﬁltered information related to a given resource. Faceted browsing
[23] has been widely adopted for many RDF dataset spanning from DBpedia to
DBLP. A lot of work has been produced in this area. Faceted browsing improves
usability over current interfaces and RDF visualizers as it provides a better information lookup w.r.t. to keyword searches. Nevertheless faceted interfaces are
domain-dependent, do not fully support graph-based navigation, and they become diﬃcult to use for the end user as the number of presented choices grows.
An implementation for faceted navigation of arbitrary RDF data is presented in
[16]. They identify important facets by ranking the predicates that best represent and most eﬃciently navigate the dataset. Diﬀerently from our approach,
their ranking metrics take into account only the structure of the dataset while
we also exploit external information sources to improve the results. Hahn et al.
[8] present a faceted browser for Wikipedia. The system is based on the DBpedia
data extraction framework and Neofonie12 search technology. Faceted views are
also available in Virtuoso13, but here ranking is obtained only from text and
entity frequency while semantics associated with links is not explored. This aspect leads to a poor “semantic” ranking in most cases. “Context-aware semantic
association ranking” [2] is useful because it allows to ﬁnd and present to the
end-user the top relevant information. A common problem with faceted browsing is the impossibility to navigate through relations diﬀerent from the ones
explicitly represented in the dataset. On the contrary SWOC allows to discover
new knowledge by exploring also implicit relations that do not existed explicitly
in the dataset.

5

Conclusions and Future Work

Ten years after the seminal paper by Tim Berners-Lee et al. [3], the Semantic Web is ﬁnally becoming a well established reality. New technologies have
been developed able to manipulate large sets of semantic metadata available in
on-line RDF datasets. The Semantic Web, as a web of data, can be considered
nearly done. Together with the availability of new tools to manipulate semantic
metadata, we see the ﬂourishing of mash-ups able to aggregate metadata coming
from heterogeneous repositories and new semantic search engines able to provide
more precise results to the user, as well as new opportunities and new means
of manipulating semantic information appeared. Thanks to the highly interconnected nature of semantic metadata the user may browse knowledge repositories
10
11
12
13
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discovering new relations and information. In this paper we presented SWOC: a
tool for exploratory knowledge search in DBpedia. The tool exploits both knowledge encoded in DBpedia graph and statistical knowledge disseminated in web
search engines and social tagging systems in order to ﬁnd and display new associations between pair of nodes based on their semantic similarity. Thanks to the
graphical interface of SWOC, the end-user is guided through the exploration of
the knowledge space represented by the DBpedia dataset. The associations generated by the system allow the user to discover new knowledge via a simple and
intuitive point-and-click interaction with the graphical interface. We plan to use
SWOC has a new way to navigate through tags in social web sites like Delicious
in order to mix exploratory search and lookup search for a better user experience. The idea is that once the user ﬁnds a new knowledge item represented
by the corresponding DBpedia URI then she is redirected to its corresponding
web resources/documents via a lookup in tagging systems or even in web search
engines.
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