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ABSTRACT
Over the past 4 years, the semantic web activity has gained
momentum with the widespread publishing of structured
data as RDF. The Linked Data paradigm has therefore evolved
from a practical research idea into a very promising candi-
date for addressing one of the biggest challenges in the area
of the Semantic Web vision: the exploitation of the Web as a
platform for data and information integration. To translate
this initial success into a world-scale reality, a number of
research challenges need to be addressed: the performance
gap between relational and RDF data management has to be
closed, coherence and quality of data published on the Web
have to be improved, provenance and trust on the Linked
Data Web must be established and generally the entrance
barrier for data publishers and users has to be lowered. We
discuss approaches for tackling these challenges and their
integration into a mutual refinement cycle - the linked data
‘washing machine’.

Categories and Subject Descriptors
H.3.4 [Systems and Software]: Distributed systems
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1. INTRODUCTION
One of the biggest challenges in the area of intelligent in-
formation management is the exploitation of the Web as
a platform for data and information integration as well as
for search and querying. Just as we publish unstructured
textual information on the Web as HTML pages and search
such information by using keyword-based search engines, we
should be able to easily publish structured information, reli-
ably interlink this information with other data published on
the Web and search the resulting data space by using expres-
sive querying. The Linked Data paradigm has evolved as a
powerful enabler for the transition of the current document-
oriented Web into a Web of interlinked Data and, ultimately,
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into the Semantic Web. The term Linked Data here refers
to a set of best practices [11] for publishing and connecting
structured data on the Web. These best practices have been
adopted by an increasing number of data providers over the
past three years, leading to the creation of a global data
space that contains many billions of assertions – the Web of
Linked Data.

The use of Linked Data on the Web offers a number of sig-
nificant benefits:

Uniformity. All datasets published as Linked Data share a
uniform data model, the RDF statement data model. With
this data model all information is represented in facts ex-
pressed as triples consisting of a subject, predicate and ob-
ject. The components used in subject, predicate or object
positions are mainly globally unique IRI entity identifiers.
At the object position also literals, i.e. typed data values
can be used.

De-referencability. IRIs are not just used for identifying en-
tities, but since they can be used in the same way as URLs
they also enable locating and retrieving resources describing
and representing these entities on the Web.

Coherence. When an RDF triple contains IRIs from different
namespaces in subject and object position, this triple basi-
cally establishes a link between the entity identified by the
subject (and described in the source dataset using namspace
A) with the entity identified by the object (described in the
target dataset using namespace B). Through these typed
RDF links, data items are effectively interlinked.

Integrability. Since all Linked Data sources share the RDF
data model, which is based on a single mechanism for repre-
senting information, it is very easy to attain a syntactic and
simple semantic integration of different Linked Data sets. A
higher level semantic integration can be achieved by employ-
ing schema and instance matching techniques and expressing
found matches again as alignments of RDF vocabularies and
ontologies in terms of additional triple facts.

Timeliness. Publishing and updating Linked Data is rela-
tively simple thus facilitating a timely availability. In addi-
tion, once a Linked Data source is updated it is straightfor-
ward to access and use the updated data source, since time
consuming and error prune extraction, transformation and
loading is not required.



Despite these benefits, in order to sustainably establish the
Web of Data and to maximize the value of published data on
the Web, we are facing four fundamental challenges: (1) we
have to improve the performance of very large-scale RDF
Data Management, (2) we have to increase and ease the
interlinking and fusion of information, (3) algorithms and
tools have to be developed for improving the structure, se-
mantic richness and quality of Linked Data, (4) adaptive
user interfaces and interaction paradigms have to deployed
for authoring, maintaining and exploration of Linked Data.

In the remainder of this article we elaborate on these chal-
lenges, possible approaches for solving them and present two
crucial use-cases for Linked Data.

2. IMPROVING THE PERFORMANCE OF
RDF DATA MANAGEMENT

Experience demonstrates that an RDF database can be an
order of magnitude less efficient than a relational representa-
tion running on the same engine [13]. This lack of efficiency
is perceived as the main obstacle for a large-scale deploy-
ment of semantic technologies in corporate applications or
for expressive Data Web search. For RDF to be the lin-
gua franca of data integration, which is its birthright, its
use must not bring significant performance penalty over the
much less flexible best practices prevalent today. The main
reason for the difference in performance between triple stores
and relational databases is the presence of fine-grained op-
timised index structures in relational systems in contrast to
more flexible and extensible structures in triple stores. The
performance gap between relational and RDF data manage-
ment can be mitigated by developing adaptive automatic
data indexing technologies that create and exploit indexing
structures as and when needed, entirely based on received
query workload.

The performance of knowledge stores can, for example, be
significantly increased by applying query subsumption and
view maintenance approaches to the RDF data model. Query
subsumption can be based on analysing the graph patterns
of cached SPARQL queries in order to obtain information
on (a) whether the previously cached query result can be
reused for answering a subsequent query and (b) which up-
dates of the underlying knowledge base will change the re-
sults of cached queries and thus have to trigger invalidation.
As queries are executed, intermediate results can be per-
sisted and labeled for reuse. When a subsequent query is
executed, it can reuse those results if it either subsumes
the previous query or is subsumed by it. In the latter case
the query can be performed on the persisted previous re-
sults and in the first case join operations between persisted
and base data can be performed. This builds query short-
cuts across the data, essentially making materialized views
on demand. These are either invalidated or brought up to
data as data changes and discarded if no longer needed.
The cacheable operations are joins and inferences such as
owl:sameAs, transitive property traversal, class and prop-
erty hierarchies etc. Intermediate materializations may also
cache aggregates. First steps in this direction were for ex-
ample performed in [40, 15]. In addition, caching and view
materialization techniques should be able to handle implicit
information commonly found in ontologies. In order for
Linked Data to be successful in the Web at large and within

enterprises in particular, such new RDF indexing technology
must ultimately find its way in RDF processing systems.

3. INCREASE AND EASE THE INTERLINK-
ING AND FUSION OF INFORMATION

While the sum of data published as linked data amounts
already to billions of triples and grows steadily, the number
of links between them is several orders of magnitude smaller
and by far more difficult to maintain (cf. [30]).

The task of interlinking and supplementing the knowledge
bases with information from external data sets, knowledge
bases and ontologies can draw from previous work within
different research communities: Interlinking has a long his-
tory in database research and occurs in the literature un-
der a dozen of terms [56] such as Deduplication[25], En-
tity Identification [37], Record Linkage [16] and many more.
Encountered problems are generally caused by data hetero-
geneity. The processes of data cleaning [47] and data scrub-
bing [62] are common terms for resolving such identity res-
olution problems. Elmagarmid et.al. (2007) [18] distinguish
between structural and lexical heterogeneity and focus their
survey on the latter. According to Elmagarmid et. al., a
stage of data preparation is a necessary prerequisite to effi-
cient record linkage and consists of a parsing, a data trans-
formation and a standardization step. As a new challenge,
RDF and OWL, alongside with the Linked Data paradigm
and commonly published vocabularies, provide the means
necessary to skip the data preparation step as they have al-
ready proliferated a shared structural representation of data
as well as a common access mechanism. With the avail-
ability of large open data sets and links between them, the
generation of benchmarks for interlinking becomes feasible
and can add an edge to research in this area. The need for
adaptive methods also arises in order to cope with changing
data. Thus, automated reinforced approaches have to be
developed that adapt themselves over time. (Both research
directions are mentioned in Elmagarmid et. al.) Further
reading can be found in a survey paper on Ontology Match-
ing [53]. Although there has been extensive work on the
topics of interlinking and ontology matching, the new situ-
ation creates new requirements and challenges and calls for
an adaptation of existing methods.

The availability of large open data sets and accessibility via
Linked Data pose the following requirements, currently in-
sufficiently covered by research. Likewise, numerous specifics
related to combined instance and schema matching in RDF
and OWL w.r.t. timeliness are hardly addressed:

• ETL (Extraction, Transformation, Loading) of legacy
data under the aspect of linking

• Lack of benchmarks for instance and schema mapping
as well as an evaluation framework and metrics.

• As knowledge bases evolve, links and mappings have
to evolve likewise. This poses special requirements on
scalability and maintenance.

• Web data sources often mix terms from different RDF
vocabularies and OWL ontologies. This aspect is not



covered by previous work on database schema and on-
tology matching, which builds upon the assumption of
the existence of a single schema or ontology.

• Database schemata impose harder restrictions on the
instance structure compared to Semantic Web data
where the open world assumption applies and informa-
tion about instances is not assumed to be complete.

• The standardization of the representation format (RDF)
allows the creation of links based on the availability
of third-party knowledge bases from the LOD cloud
such as DBpedia (similar to the star-like pattern in a
mediation-based EAI).

A promising approach, which can respond to some of these
requirements is to integrate schema mapping and data in-
terlinking algorithms into a mutual refinement cycle, where
results on either side (schema and data) help to improve
mapping and interlinking on the other side. Both unsuper-
vised and supervised machine learning techniques should be
investigated for this task, where the latter enable knowledge
base maintainers to produce high quality mappings. Fur-
ther research is needed in the area of data fusion, i.e. the
process of integrating multiple data items, representing the
same real-world object into a single, consistent, and clean
representation. The main challenge in data fusion is the
reliable resolution of data conflicts, i.e. choosing a value in
situations where multiple sources provide different values for
the same property of an object.

The usefulness of a knowledge base increases with more (cor-
rect) links to other knowledge bases (network effect), since
this allows applications to combine information from sev-
eral knowledge bases. The advantage of de-referenceable
IRIs (i.e. URLs) as identifiers is two-fold. Contrary to a
database id, URLs are unique identifiers on the web, which
have a defined semantics and provenance. Furthermore, the
available data identified by URLs are easily accessible via
content-negotiation and standard retrieval mechanisms (i.e.
the HTTP protocol). In this situation, linking brings imme-
diate advantages, because it defines relations, e.g. equality,
of Web identities and allows the convenient aggregation of
data by following these links. The emerging Web of Data
now faces several challenges and problems. a) How to find
all links between two knowledge bases (high recall)? b) How
to verify the correctness of found links (high precision)?
This issue is most important in case of owl:sameAs links,
which entail strict logical equivalence and therefore need to
be very precise. c) How to maintain such a link structure
with evolving knowledge bases? To solve those challenges, a
constant evaluation of links between knowledge bases is nec-
essary. Ideally, scalable machine learning techniques should
be applied to generate links based on manually provided and
maintained test sets. Although approaches and tools in this
direction are developed, they still require higher usability
and scalability to have a wider impact in the Web of Data.

After links are found and verified the next challenge is the
fusing of data with respect to completeness, conciseness and
consistency.

4. IMPROVING THE STRUCTURE, RICH-
NESS AND QUALITY OF LINKED DATA

Many data sets on the current Data Web lack structure as
well as rich knowledge representation and contain defects
as well as inconsistencies. Methods for learning of ontology
class definitions from instance data can facilitate the easy in-
cremental and self-organizing creation and maintenance of
semantically rich knowledge bases. Particularly, such meth-
ods can be employed for enriching and repairing knowledge
bases on the Data Web.

The enrichment steps can be done by learning axioms, e.g.
equivalence and inclusion axioms, whose left-hand side is an
existing named class in the knowledge base. The task of find-
ing such axioms can be phrased as a positive-only supervised
machine learning problem, where the positive examples are
the existing instances of the named class on the left hand
side and the background knowledge is the knowledge base to
be considered. The advantage of those methods is that they
ensure that the learned schema axioms fit the instance data.
The techniques should also be robust in terms of wrong class
assertions in the knowledge base. We argue that those learn-
ing methods should be semi-automatic, i.e. a knowledge en-
gineer makes the final decision whether to add one of the
suggested axioms to the knowledge base. Once an axiom is
added, it can be used by inference methods, for example,
to populate the knowledge base with inferred facts, or spot
and repair inconsistencies. One challenge is to be able to
apply such machine learning methods to very large knowl-
edge bases. Machine learning methods usually rely heavily
upon reasoning techniques and currently it is not possible to
reason efficiently over large knowledge bases which consist of
more than 100 million RDF triples1. Therefore, extraction
methods should be used to extract a relevant fragment of a
knowledge base with respect to given individuals, which is
sufficiently small to reason over it, while still containing suf-
ficient information with respect to those instances to apply
class learning algorithms. Experiments that employ such ex-
traction methods against the DBpedia knowledge base have
already shown promising results [27].

Another method for increasing the quality of Linked Data is
semi-automatic repair. In particular large knowledge bases
are often prone to modelling errors and problems, because
their size makes it difficult to maintain them in a coherent
way. These modelling problems can cause an inconsistent
knowledge base, unsatisfiable classes, unexpected reasoning
results, or reasoning performance drawbacks. We need al-
gorithms, which detect such problems, order them by sever-
ity, and suggests possible methods for resolving them to the
knowledge engineer. By considering only certain parts of a
(large) knowledge base, those algorithms can be able to find
problems in a relevant fragment, even if the overall knowl-
edge base is not consistent. Repair approaches can be also
used in combination with knowledge base enrichment algo-
rithms: After learning a formal description of a class, prob-
lems in the knowledge base may be spotted. Those problems
can then be repaired through the knowledge engineer by giv-
ing him or her possible suggestions for resolving them.

1Amongst others, the LarkC project (http://www.larkc.
eu) works on (incomplete) OWL reasoning.

http://www.larkc.eu
http://www.larkc.eu


Two challenges have to be addressed in order to develop en-
richment and repair methods as described above: Firstly,
existing machine learning algorithms have to be extended
from basic Description Logics such as ALC to expressive
ones such as SROIQ(D) serving as the basis of OWL 2. Sec-
ondly, the algorithms have to be optimized for processing
very large-scale knowledge bases, which usually cannot be
loaded in standard OWL reasoners. In addition, we have
to pursue the development of tools and algorithms for user
friendly knowledge base maintenance and repair, which al-
low to detect and fix inconsistencies and modelling errors.

5. ADAPTIVE USER INTERFACES AND IN-
TERACTION PARADIGMS

All the different Data Web aspects heavily rely on end-user
interaction: We have to empower users to formulate ex-
pressive queries for exploiting the rich structure of Linked
Data. They have to be engaged in authoring and main-
taining knowledge derived from heterogeneous and dispersed
sources on the Data Web. For interlinking and fusing, the
classification of instance data obtained from the Data Web
as well as for structure and quality improvements, end users
have to be enabled to effortlessly give feedback on the au-
tomatically obtained suggestions. Last but not least, user
interaction has to preserve privacy, ensure provenance and,
particularly in corporate environments, be regulated using
access control.

The adaptive nature of the information structures in the
Data Web is particularly challenging for the provisioning
of easy-to-use, yet comprehensive user interfaces. On the
Data Web, users are not constrained by a rigid data model,
but can use any representation of information adhering to
the flexible RDF data model. This can include informa-
tion represented according to heterogeneous, interconnected
vocabularies defined and published on the Data Web, as
well as newly defined attributes and classification structures.
Hence, the user interface components on the Web of Data
should support the reuse of existing vocabularies and ontolo-
gies as well as the ad hoc definition of new ones and their
refinement and evolution in concordance with the data over
time. Different information structures should be seamlessly
combinable in a provenance preserving way in a single visu-
alization or authoring environment, even if the information
to be visualized or authored is obtained or stored in various
Linked Data sources ([6, 58] are approaches going in that
direction). The authoring tools should hide technicalities of
the RDF, RDFS or OWL data models from end users, thus
realizing WYSIWIG for the authoring of knowledge bases.
Based on the information structures found, the most suit-
able authoring widgets should be automatically combined.

In particular for ordinary users of the Internet, Linked Data
is not yet sufficiently visible and (re-) usable. Once infor-
mation is published as Linked Data, authors hardly receive
feedback on its use and the opportunity of realizing a net-
work effect of mutually referring data sources is currently
unused. On the social web, technologies such as Refback,
Trackback or Pingback enabled the timely notification of au-
thors once their posts were referenced. In fact, we consider
these technologies as crucial for the success of the social web
and the establishment of a network effect within the blogo-
sphere. In order to establish a similar network effect for

the Data Web, we should investigate how such notification
services can be applied to the Web of Data. The Seman-
tic Pingback method as described in [57], for example, can
serve here as a technical foundation, but much more work is
required to integrate such notification services in particular
with adequate user interfaces into the fragmented landscape
of ontology editors, triple stores and semantic wikis.

6. MAKING THE WEB A ‘WASHING MA-
CHINE’ FOR LINKED DATA

The four challenges presented in the previous sections should
be tackled not in isolation, but by investigating methods
which facilitate a mutual fertilization of approaches devel-
oped to solve these challenges. Examples for such mutual
fertilization between approaches include:

• The detection of mappings on the schema level, for
example, will directly affect instance level matching
and vice versa.

• Ontology schema mismatches between knowledge bases
can be compensated for by learning which concepts
of one are equivalent to which concepts of the other
knowledge base.

• Feedback and input from end users (e.g. regarding
instance or schema level mappings) can be taken as
training input (i.e. as positive or negative examples)
for machine learning techniques in order to perform
inductive reasoning on larger knowledge bases, whose
results can again be assessed by end users for iterative
refinement.

• Semantically enriched knowledge bases improve the
detection of inconsistencies and modelling problems,
which in turn results in benefits for interlinking, fu-
sion, and classification.

• The querying performance of the RDF data manage-
ment directly affects all other components and the na-
ture of queries issued by the components affects the
RDF data management.

As a result of such interdependence, we should pursue the
establishment of an improvement cycle for knowledge bases
on the Data Web - i.e. make the Web a Linked Data washing
machine. The improvement of a knowledge base with regard
to one aspect (e.g. a new alignment with another interlink-
ing hub) triggers a number of possible further improvements
(e.g. additional instance matches).

The challenge is to develop techniques, which allow to ex-
ploit these mutual fertilizations in the distributed medium
Web of Data. One possibility is that, various algorithms
make use of shared vocabularies for publishing results of
mapping, merging, repair or enrichment steps. After one
service published his new findings in one of these commonly
understood vocabularies, notification mechanisms (such as
Semantic Pingback [57]) can notify relevant other services
(which subscribed to updates for this particular data do-
main) or the original data publisher, that new improvement
suggestions are available. Given a proper management of
provenance information, improvement suggestions can later



Extraction
Unstructured Named Entity Recognition [42], Keyphrase Extraction [31], Relation Extraction, IRI Dis-

ambiguation; Integrated tools/services: OpenCalais (http://www.opencalais.com), Alchemy
(http://www.alchemyapi.com), Ontos API (http://api.ontos.com), FOX (Federated knOwl-
edge eXtraction) framework (http://aksw.org/projects/fox)

Semi-structured DBpedia ([35], http://dbpedia.org), LinkedGeoData[7], http://linkedgeodata.org, Virtuoso
Sponger, Scraperwiki.com, Solvent

Structured D2R [12], Virtuoso RDF Views, Triplify.org [4], Survey: [1]

Storage & Querying
Triple stores Virtuoso (http://virtuoso.openlinksw.com), OWLIM (http://ontotext.com/owlim),

4store (http://4store.org/), BigData (http://systap.com/bigdata.htm), Sesame
(http://openrdf.org/), Jena TDB (http://openjena.org/TDB/)

Perf. optimization Indexing , caching [41]
Federated querying [44, 26]

Authoring
Semantic Wikis Text-oriented : [32, 48, 8, 43, 55]

Data oriented : OntoWiki ([5], http://ontowiki.net)
Semantic annotation Zemanta (http://zemanta.com), DBpedia Spotlight, Ontos Feeder

Linking & Alignment
Ontology alignment Challenges: [54], recent surveys: [17, 21], Alignment API (http://alignapi.gforge.inria.fr)
Instance matching Domain-specific: RKBExplorer (http://www.rkbexplorer.com) (acad.), GNAT [45] (music)

Universal : RDF-AI [49], SILK [61], LIMES (http://limes.sf.net)
Relational data Record linkage [63, 19], de-duplication [14]

Enrichment
Taxonomies [64]
Definitions ILP approaches: [36, 34, 22, 20, 28, 10]; genetic approaches [33]
Rules & axioms Super class axioms [34], rules [38, 39], disjointness [60]
Completion Formal concept analysis and relational exploration [9, 59, 51]

Evolution & Repair
Ontology evolution Survey: [23]
Pattern-based EvoPat [46], semantic-wiki content [24], RDF extension for Google refine (http://lab.

linkeddata.deri.ie/2010/grefine-rdf-extension)

Browsing, Exploration & Search
Browsing & Exploration Faceted-browsing, SemaPlorer [50], LESS [6]
Semantic search Sindice (http://Sindice.com), Sig.ma (http://sig.ma), Poweraqua (http://technologies.

kmi.open.ac.uk/poweraqua)

Table 1: Selected approaches and tools, which facilitate the different aspects of the linked data life-cycle.

(after acceptance by the publisher) become part of the orig-
inal dataset.

7. COMPLEMENTING SOA WITH LINKED
DATA

Competitive advantage in the enterprise world increasingly
depends on business agility, i.e. becoming the ‘real-time en-
terprise’. This entirely depends on dealing with a constant
flood of information, both internal and external. Linked
data is a natural addition to the existing document and web
service or SOA based intranets and extranets found in large
corporations. Enterprise information integration needs grow
continuously. Mergers and acquisitions further drive diver-
sity of IT infrastructure and the consequent need for in-
tegration. Simultaneously, enterprise data warehouse sizes

have been more than doubling annually for the past sev-
eral years, effectively outstripping Moore’s law. The rapid
development in the quantity and quality of structured data
on the Internet creates additional opportunities and chal-
lenges. The main issues of integration are the use of different
identifiers for the same thing and diversity in units of mea-
sure. Classifications, application of linked data principles for
consistent use of identifiers in information interchange and
making schema semantics explicit and discoverable, thus ef-
fectively rendering data self-describing, offer great promise
with no disruption to infrastructure. An important distinc-
tion for the adoption of the Data Web paradigm in corporate
scenarios is that the reuse of identifiers and vocabularies is
not the same thing as making all data public. Corporate
data intranets based on Linked Data technologies can help
to reduce the data integration costs significantly and entail

http://www.opencalais.com
http://www.alchemyapi.com
http://api.ontos.com
http://aksw.org/projects/fox
http://dbpedia.org
http://linkedgeodata.org
Triplify.org
http://virtuoso.openlinksw.com
http://ontotext.com/owlim
http://4store.org/
http://systap.com/bigdata.htm
http://openrdf.org/
http://openjena.org/TDB/
http://ontowiki.net
http://zemanta.com
http://alignapi.gforge.inria.fr
http://www.rkbexplorer.com
http://limes.sf.net
http://lab.linkeddata.deri.ie/2010/grefine-rdf-extension
http://lab.linkeddata.deri.ie/2010/grefine-rdf-extension
http://Sindice.com
http://sig.ma
http://technologies.kmi.open.ac.uk/poweraqua
http://technologies.kmi.open.ac.uk/poweraqua


Figure 1: Linked Data Improvement Cycle.

substantial benefits [29]. Linking internal corporate data
with external references from the Data Web will allow a
corporation to significantly increase the value of its corpo-
rate knowledge with relatively low effort. Examples include
integration of product, customer/supplier, materials, regu-
latory, market research, financial statistics and other infor-
mation between internal and external sources. The key to
this is resolving the disparity of identifiers and associating
explicit semantics to relational or XML schemes.

For example, the information integration with the Data Web
will allow the sales database of a company to be enhanced
with semantic descriptions of customers, products and lo-
cations by linking the internal database values with RDF
descriptions from the LOD cloud (e.g. from the DBpedia,
WikiCompany or Geonames data sets). The linking can
be used to correct, aggregate and merge information. In
addition to this, the reasoning and semantic mining tools
can infer and generate new knowledge that only experts can
provide. For example, using machine learning algorithms
and the background knowledge from the Data Web, groups
of customers can be better classified and described seman-
tically, potentially leading to better targeting and market
intelligence.

8. PUBLISHING PUBLIC AND GOVERN-
MENTAL DATA ON THE WEB

Besides employing the Linked Data paradigm in corporate
environments another scenario with a great application po-
tential is the publishing of public and governmental data (cf.
[3, 52]). Quite some governmental and administrative infor-
mation in Europe, for example, is already publicly available
in structured form. Unfortunately, this data is scattered
around, uses a variety of different incompatible data for-
mats, identifiers and schemata.

The adaptation and deployment of linked data technologies

in this area will increase the ability of the public to find,
download, and creatively use data sets that are generated
and held by various governmental branches and institutions,
be it supra-national (e.g. European) or national ones as well
as regional governments and public administrations. In par-
ticular, for the case of Europe this will be very challeng-
ing due to the large organizational and linguistic diversity.
This decentralization and diversity renders centralized and
strictly top-down approaches less suitable and thus Euro-
pean governments and public administrations represent an
ideal application scenario for Linked Data technologies. This
scenario has been recognized 2, but should be explored much
further.

In order to realize this application scenario, a number of dif-
ferent aspects have to be considered and different technolo-
gies should be deployed. For example, a portal as well as
a network of decentralized registries should provide descrip-
tions of the data sets (i.e. metadata), information about
how to access the data sets, facilities for sharing views and
reports, as well as tools that leverage government data sets.
Based on research approaches tackling the above mentioned
challenges, tools and services should be deployed to clas-
sify and interlink data sets automatically, to assess their
information quality and to suggest enrichments and repairs
to the published data sets. Public participation and col-
laboration will be paramount in this application scenario.
The public has to be engaged to provide additional down-
loadable data sets, to build applications, conduct analyses,
and perform research. The published information can im-
prove based on feedback, comments, and recommendations.
As a result Linked Data has the potential to improve ac-
cess to governmental data and expand creative use of those
data beyond the walls of government by encouraging in-
novative ideas (e.g., mashups and web applications). The
Linked Data paradigm can help to make governments more
transparent and thus strengthen democracy and promote ef-
ficiency and effectiveness in governments.

9. CONCLUSIONS
While the past few years have been very successful for the
Linked Data initiative and the Web of Data, there has also
been well-founded criticism [30]. As a consequence, we pointed
out a number of challenges, which need to be solved in or-
der to exploit the Web of Linked Data as medium for infor-
mation integration and consumption. The four challenges
center around the topics of query performance, data inter-
linking, data quality and user interaction. In some cases we
provided future research directions to overcome these issues.
We believe that the success in these research areas over the
next few years is crucial for the Web of Data and its adoption
by end users and enterprises.
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