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Abstract — This paper surveys various semantistorage, linking and retrieval. Our recent plantas
enhancement approaches and techniques in order teerge the Apache Stanbol and the LMF with the aim t
answer on demands of today's massive angrovide better content enrichment of heterogenemas
heterogeneous, Web-based Content Managemeanassive scale of data by analysing textual and anedi
Systems (CMS). Furthermore, this paper transfersontent.
results and shares our experiences in field gainedaper organization: Section 2 surveys various sgéman
through the development of the Interactive Knowdedgenhancement approaches. Section 3 discusses leoth th
Stack (IKS) (the EU FP7 IKS project), more spealfic Apache Stanbol and the LMF. Section 4 identifieysva
- development of its subproject called the Apach@ which they can be integrated. Section 5 provides
Stanbol. Recently, we decided to make a step furtheonclusion remarks.
and to provide integration of the IKS technologgckt k2 Background: Semantic Enhancement
with our newly implemented Linked Media Framewor ) .
(LMF) that stores and retrieves content and metadat Approaches and Techniques
for media resources and resource fragments in éeadi Starting in 1999 asasdream for the Web [in which
way. Hence, this paper, discusses the initial ird8gn  computers] become capable of analysing all the data
points between the Apache Stanbol and the LMF, @se Web — the content, links, and transactions &etw
well as the benefits they could gain from eachrmothe peop|e and Computgrq:]_], the Semantic Web is still a
1 Introduction significant technology to deal with the heterogaereo
and massive scale of data, and to enhance knowledge
A modern Content Management System (CMSpepresentation, acquiring, and utilizing. It isiaitiative
replaces in-house developed CMS for intranet sites  of the World Wide Web Consortium (W3C) inspired by
integrates firmly within the Web and document-otéeh the vision of its founder, T.B. Lee, of having a o
environment. Documents are central to Knowledggexible, integrated, automatic and self-adaptingbv/
Management (KM), but documents created by usingat provide a richer and more interactive expeseior
semantic enhancement approaches and techniques biife end-users [2]. The W3C has developed a set of
the advantages of semantic search and interopiéyabil standards and tools to support this vision: formepe,
These benefits require long term systems that geovitwo major working groups around these technologies
semantic (search) engine optimisation for managingre the RDF (Resource Description Framewbdad
unstructured information, interoperability thatdeto the OWL (Web Ontology Languade) RDF is a
better information sharing, access control angtamework for representing information on the Web.
collaborative Working, automation to help maintKMl, OWL is designed for use by app”cations that need t
and more. Our motivation in this paper is to discusprocess the content of information instead of just
various semantic enhancement approaches apgbsenting information to humans. While combined
techniques in order to enrich todays massivgith ontology, semantic data (RDFS and OWL data)
heterogeneous, Web-based CMS. In addition, o@an be reasoned about and queried by using logis.ru
motivation is to share own experiences in fieldngdi Thjs section surveys related research in semantic
through the development of the Apache Stahiftile techniques and approaches to enhancement of various
FP7 IKS project) and the Linked Media Frameworkcontent and data pools. In order to bootstrap the
(LMF): Recently, the IKS Stanbol semantic enhancesemantic Web by publishing and interconnecting
has been incubated as an Apache project (Nov. 201@}tasets using RDF, the LOD community emerged [3].
The LMF is a framework that bridges the gap betweephe LOD cloud is in its everyday expansion: acaogdi
the document Web and the Semantic Web (Web @f LOD statistic§ at the moment of writing this paper it
Data). It is an open source development to denmatestr counts 25.2 billion triples. Hence, the followingreey
extended Linking Open Data (LOD) principles forequally investigates LOD browsers and search ergine

. - % RDF: http://www.w3.0rg/2011/rdf-wg/wiki/Main_Page
Apache Stanbol: http://incubator.apache.org/stinbo 4 OWL: http://mww.w3.0rg/2007/OWL/wiki/OWL_Working_@up
IKS project http://www.iks-project.eu/ 5 http://www4.wiwiss.fu-berlin.de/lodcloud/
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2.1 Semantic search and browsing 2.3 Semantic annotation

The five distinct research directions in semantic Semantic (Web) annotation goes beyond familiar
search include the following [4]: (i) augmentingtextual annotations of the documents [12]. Semantic
traditional keyword search with semantic techniquesnnotation formally identifies concepts and relagio
(i) basic concept location (e.g. multi-facet sdmrc between concepts in documents, and is intendedser
semantic auto-completion, search behaviour resgarchy machines. At the moment of writing this papbere
(i) complex constraint queries for creating quenryare two general frameworks for semantic annotatios:
patterns as intuitively as possible, (iv) problepiving, W3C Annotea [13] and the CREAM [14]. The Annotea,
and (v) connecting path discovery. The most promtinewith its emphasis on collaboration, has influentiee
LOD browsers and search engines are surveyed in [Blevelopment of a number of systems with good user
Sindice® is a scalable index of the Semantic Web. linterfaces that are well suited to distribute krexge
crawls the Web for RDF documents and Microformatsharing. The CREAM, with its greater emphasis an th
and indexes resulting URIs, Inverse Functionaleep Web and the annotation of legacy resources, ha
Properties (IFPs) and keyworddig.ma’ is a semantic pushed the development of annotation systems more
information mashup enabled by Sindice that works amed towards corporate KM.
semantic browser in which user starts from anytenti The review of existing annotation systems givefiliz]
and browses to the resulting pagealcons® is a indicates that research is very active and thexarany
keyword-based search engine for the semantic Ufals t systems which provide some of the requirements, but
provides different query types for object, concaptl that fully integrated environments are still somayw
document searctSWSE® is a search engine for RDF off. Technical challenges to development include
data. It is similar to fulltext search, but infortieam supporting multi-media document formats, addressing
retrieval capabilities of SWSE are much more poulerf issues of trust, provenance and access rightslviego
hakia'® is an Internet search engine that uses QDEXirthe problems of storage.

_techn_ology, an alternative new infrastrgcture 1®4 Semantic analytics and knowledge discovery
indexing that is based oSemanticRanlalgorithm, a ) o ]
solution mix from the disciplines of semantics, Zyz ~ Semantic analytics is a process of analysing,
logic, computational linguistics, and mathematics. searching, and presenting information by using iekpl

. L . . semantic relationships between known entities [IThg
2.2 Semantic mediation: merging and mapping current generation of RDF query languages (e.g.

Mediators were first introduced as parts oRQLY, SquishQL, RDQ!) do not support path
distributed information systems in the late eighti@]. variables as first class entities and cannot bel dise
Since then, many application areas have adaptgderying for path relationships [16]. In additianpst
mediators as the approach for overcoming heterdiyeneRDF query systems do not provide adequate querying
of applications and data sources. Therefore, tlagee paradigms to support querying for complex
several architectural approaches fontology-based relationships that is highly desirable in many dovea
semantic mediatigndepending on the type and numbeRecently, processing of queries on LOD has gained
of ontologies involved and on a reconciliation aggmh  significant attention. Here, we differ between feded
applied (e.gmergingor mapping. Merging unifies two and centralized approaches to processing of queries
or more ontologies with overlapping parts into agké LOD. Ladwig and Tran in [17] provided a systematic
ontology that includes all information from the soes. overview of LOD query processing techniques. Hartig
Mapping builds the mapping statements that definet al. in [18] proposed a method for dealing witle t
relationships between concepts of ontologies atek ru dynamic aspects of LOD query processing that ikedal
that specify transformations between two ontolagies link traversal-based query executioln important
An any-to-any merging model is shown in [7][8]. characteristic that distinguishes this approachmfro
OntoMerge [8] introduces bridging axioms between twothers, such as e.guery federationis retrieval and
ontologies, which are not required to be basedhen tquery-local processing of LOD from the Web.
same generalized terminology. The Artemis projé¢t [ Since LOD are graph data, we cannot directly reuse
showsany-to-any mapping model by devising mapping existing approaches from relational databases ot XM
rules among two ontologies. It introduced the OWLmtechnologies. The existing approaches to integrated
tool with the purpose to establish the mappingsveeh federated query processing over LOD are still igirth
OWL ontologies and rules execution. The Harmonizinfancy, and there is not one best solution that loa
project [10] defined a reference Harmonizatiorapplied in all cases. Thus, for specific requiretegone
Ontology and RDF interchange format that is based (eed to decide which criteria and constraints aostm
the MAFRA tool [11]. important and which solution is best suited [19].

® Sindice: http://sindice.com/main/about

7 Sig.ma: http://sig.ma/

8 Falcons: http://www.w3.0rg/2001/sw/wiki/Falcons
°® SWSE: http://swse.org/ ' RQL: http://139.91.183.30:9090/RDF/RQL/

10 hakia: http://www.hakia.com/ 12 RDQL: http://www.w3.org/Submission/RDQL/
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3 Experiences: Semantic Enhancement via  and search. The LMF conceptual model exposes the

Apache Stanbol and LMF following functionalities of the LMF: RESTfuI_

Resource Management, Extended Content Negotiation,

The objective of the IKS project is to bring seti@n Semantic Enhancement via LOD, and Semantic
capabilities to current CMSs. Thus, IKS puts fomvar Indexing. The LMF is grounded on Service-Oriented
so-called “Semantic CMS Technology Stack” whichArchitecture (SOA) that is implemented via
merges the advances in Semantic Web infrastructu@Dl/Weld', which is the RI of the Java standard for
and services with real-world CMS industry needse Thdependency injection and contextual lifecycle
IKS Reference Implementation (RI) (IKS-RI) answersnanagement. A communication between the LMF and
on demands for storing and processing semantite outside world is happened via RESTful web
metadata, supporting knowledge extractionservices. The LMF includes beside others the faligw
representation and discovery. The IKS-RI is shown imodules [22] (Figure 2):
Figure 1 [20]. It is designed in such a way thay anLMF Core: it implements the LOD Server with the
existing CMS with the CMS Server architecture can bproposed LOD extensions that enable handling
extended to become semantic CMS. resources via th&®esourceWebServicén addition to
The major part of the IKS-RI is implemented as itsriple management, the LMF Core provides transactio
subproject called Apache Stanbol that is built ufma persistence management and versioning.
OSGi component model. Apache Stanbol defines a suUbMF Search: it offers semantic search over resources
framework calledStanbol Enhanceto implement so that is based on an Apache Solr database. It iaslud
called thelKS Knowledge Extraction Pipeline§he extendable rule-sets for RDF, Simple Knowledge
most important knowledge that can be extracted withrganization System (SKOS), Dublin Core (DC) and
Apache Stanbol isdentification of certain types of GeoNames. The LMF REST API is implemented as
entities (e.g. persons and locations) within thateat frontend that can serve to a number of existing
The extracted knowledge is stored vitanbol commercial systems in a way that they can exposie th
ContentHubthat allows for its retrieval for a given content and metadata by following LOD principles.
content.Stanbol EntityHulis used to retrieve semanticLMF Sparqgl: it provides a SPARQL endpoint for
information about entities that are available viguerying the data that are contained within the LMF
accessible LOD sourceStanbol EntityHubalso cache SPARQL is standardized query language for RDF
the information in an Apache Solr database andaallo graphs. The LMF implements a Sesame-Sails
for them to be published within Apache Stanbol. repository. It currently offers only querying bt soon

as Sesame allows SPARQL update, the LMF will

IKS Reference Implementation provide the same.

PR ———— In addition, the LMF includes an (optional_) ruIesbd
reasoner called sSKRWL [23] that is highly
customizable and allows for user-defined rules ¢ b
Stanbol Enhancer 3 evaluated over triples in the LMF Triple Store. The
rules can be uploaded and stored in the LMF via an
Enhancement Engines €] 2 easy-to-use web service. The evaluation strate@nis
g incremental forward-chaining reasoning with truth
Stanbol £ “{fv; maintenance and is reasonably efficient even fgr bi
Reasoners ?) data sets. The truth maintenance can be used vidpro
r———— —— e— S explanaﬂons for mferrgd t.rlples as well as fofiogént
ContentHub EntityHub Ontology Mgr | | & updating of the reasoning information.
Apache g Apache g Apache £ Search
Clerezza Solr Jena Trar;;:;ﬁon Re;\;;ubme WebService -

Service Service

. . . m
Figure 1. The IKS-RI (showing the three layers stmantic Setwice

CMS: (ii) Semantic Lifting(iii) Knowledge Representation @ @ @
Reasoning(iv) PersistenceThe first layer (iPresentation . %
and Interactionis out of the scope of this paper) ‘

3.1 TheLMF approach

At the same time, we implement the LMRhat stores
and retrieves content and metadata for media ressur e A
and resource fragments in a unified way. LMF I e
implements the LOD extensions proposed in [21], €

well as integration of concepts from Linked Media
Media Management, and Enterprise Knowledg
Management, in a way that supports semant
annotation of media content, metadata storagexinge
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Figure 2. The LMF Basic Services

14 CDI/Weld: http://seamframework.org/Weld
5 LMF Reasoner: http://code.google.com/p/kiwi/wilkédsoning

13 LMF source code: http://code.google.com/p/kiwi
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