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ABSTRACT

With billions of assertions and counting, the Web of Data
represents the largest multi-contributor interlinked
knowledge base that ever existed. We present a novel
framework for analyzing and using the Web of Data based
on extracting and analyzing thematic subsets of it. We
view the Web of Data as a “network of networks” from
which to extract meaningful subsets that can be converted
them into self-contained networks to be further analyzed
and reused. These extracted networks can then be analyzed
through network analysis and discovery algorithms, and the
results of these analyses can be published back on the Web
of Data. We describe LinkedDataLens, an implementation
of this framework that uses the Wings workflow system to
represent multi-step network extraction and analysis
processes.

Categories and Subject Descriptors

1.2.11 Distributed Artificial Intelligence; 1.2.8 Problem
Solving, Control Methods, and Search; H.4 Information
Systems Applications; 1.2.4 Knowledge Representation
Formalisms and Methods.

General Terms
Algorithms, Languages.

Keywords

Knowledge capture, network analysis, linked open data.

INTRODUCTION

There is an increasing amount of open interlinked data sets
on the Web collectively known as the Web of Data (WoD)
[2]. As of September 2010, it contained more than 203 data
sets totaling over 25 billion RDF triples, which are
interlinked by around 395 million RDF links and released
under open licenses. Techniques for analyzing and
understanding the current WoD as a complex artifact are of
great value to the community [5].

This paper presents LinkedDatalens, a framework for
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understanding WoD by extracting meaningful portions of it
and characterizing them. We view the WoD as a “network
of networks.” Diverse datasets, such as Geonames and
DBpedia, are interlinked into a massive network. Within
this WoD network, one could identify smaller self-
contained subsets represented in turn as networks. These
extracted networks could span more than one dataset. For
example, one could construct a temporal network of events
containing all rock concerts in a geographical region, which
would integrate information from event and geospatial
sources. Each of these extracted networks represents a
meaningful aspect of some phenomenon, and can be studied
and characterized in its own right. Using network analysis
algorithms, we can derive useful summary statistics, detect
clusters, and infer new links. The resulting analyses can be
seen as metadata of the extracted networks. This metadata
can be used to formulate queries to search for networks or
entities of interest with particular characteristics. For
example, finding whether social networks have parallel
network properties to the content networks they are
associated with.

LINKEDDATALENS

LinkedDatalLens addresses a number of challenges to
extracting and analyzing the WoD as a network of
networks. First, the networks to be analyzed may not be
directly accessible within the WoD network. For example,
WoD resources may be connected by multi-hop paths rather
than being directly connected in a network by a single
relation. Similarly, WoD links may be represented by
resources rather than by edges in a network. Secondly, most
network algorithms do not directly ingest RDF data.
Finally, comprehensive metadata and provenance about the
extracted networks need to be maintained in order to
facilitate search.

Figure 1 gives an overview of how LinkedDatal.ens works.
It uses a workflow system [3,4] to represent network
analysis processes. The inputs to the workflow are typically
a query to the WoD and a location to access it. When
workflows are executed, networks of interest are extracted
and analyzed. Finally, the networks extracted and their
derived characteristics are published back to the WoD.
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<9694 1b6b3c52aec66bfc14238d46a7cb> <nd#numberOfNodes> "616" M <http://www.w3.0rg/2001/XMLSchema#integer>.
<96941b6b3c52aec66bfc14238d46a7cb> <nd#numberOfEdges> "936"  <http://www.w3.0rg/2001/XMLSchemat#integer>.
<96941b6b3c52aec66bfc14238d46a7cb> <nd#density> "0.00494140006335" <http://www.w3.0rg/2001/XMLSchema#decimal>.

<9694 1b6b3c52aec66bfc14238d46a7chb> <nd#averageClusteringCoefficient> "0.386224819698" M <http://www.w3.0rg/2001/XMLSchema#decimal>.
<9694 1b6b3c52aec66bfc14238d46a7cb> <nd#isConnected> "False" M<http://www.w3.0rg/2001/XMLSchema#boolean>.

<9694 1b6b3c52aec66bfc14238d46a7cb> <nd#numberOfConnectedComponents> "118"AM<http://www.w3.0rg/2001/XMLSchematinteger>.

Figure 1. An overview of how LinkedDataLens works.

Our framework consists of the following three main steps:

1. Pattern-based network extraction from the WoD. Our
workflows typically start off with a generic
component that is given a patterned query and a
SPARQL Endpoint and extracts a network.

2. Characterization of the extracted networks with
statistics. The workflow includes steps to analyze
and visualize the network using multiple network
analysis algorithms. To facilitate interoperability
between components, we adopt the PAJEK format as
as a standard serialization to communicate networks
among components [1].

3. Publication of networks back to WoD with
associated statistics and provenance metadata.
LinkedDatalens takes advantage of the capabilities
offered by workflow systems to record the
provenance of the network and its characterization.
Using the provenance we can navigate from the
characterizations of the network to the network itself,
as well as from the network to its characterization.

An example of a network is shown on the right side of
Figure 1. It is a network of facilities within Los Angeles
that have investigated the same condition in a clinical trial.
The network represents 616 facilities with 936 connections
between them. It makes apparent which universities are
involved in many clinical trials, and which pharmaceutical
companies are running most clinical trials in the area.

Through LinkedDatalens, we generate three kinds of useful
artifacts: 1) the extracted networks themselves, 2) their
derived characteristics as metadata, and 3) the analytic
processes used to derive them.
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