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ABSTRACT

ENHANCING CONTENT MANAGEMENT SYSTEMS WITH SEMANTIC
CAPABILITIES

Gonul, Suat
M.S, Department of Computer Engineering
Supervisor : Prof. Dr. Nihan Kesim Cigekli

Co-Supervisor : Prof. Dr. Asuman Ba¢

July 2012, 77 pages

Content Management Systems (CMS) generally store data iayathvat the content is dis-
tributed among several relational database tables ordsioréles as a whole without any
distinctive characteristics. These storage mechanismsotgrovide the management of se-
mantic information about the data. They lack semanticeediti search and browsing of the
stored content. To enhance non-semantic CMSes with adyesereantic features, the se-
mantics within the CMS itself and additional semantic infation related with the actual
managed content should also be taken into account. Howexteacting implicit knowledge
from the legacy CMSes, lifting to a semantic content managgrystem environment and
providing semantic operations on the content is a challentask which includes adoption
of several latest advancements in information extractig, {nformation retrieval (IR) and
Semantic Web areas. In this study, we propose an integrapigeoach including automatic
lifting of content from legacy systems, automatic annotatof data with the information
retrieved from the Linked Open Data (LOD) cloud and seveeahantic operations on the
content in terms of storage and search. We use a simple RDHgrgfuage to create custom,
semantic indexes and filter annotations obtained from LQGiddlin a way that is eligible

for specific use cases. Filtered annotations are matexthlitong with the actual content of

iv



document in dedicated indexes. This semantix indexingagtifucture allows semantically
meaningful search facilities on top of it. We realize our mggh in the scope of Apache
Stanbol project, which is a subproject developed in the s@dpKS project, by focusing on
document storage and retrival parts of it. We evaluate oprageh in healthcare domain with
different domain ontologies (SNOMEOT, ART, RXNORM) in addition to DBpedia as parts
of LOD cloud which are used annotate documents and conteaineld from dfferent health

portals.

Keywords: Semantic content management, Semantic stofgmantic search, Semantic
Web
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DOKUMAN YONETIM SISTEMLERINI ANLAMSAL YETENEKLERLE GELISTIRME

Gonul, Suat
Yiksek Lisans, Bilgisayar MuhendigliBolumu
Tez Yoneticisi : Prof. Dr. Nihan Kesim Cicekli

Ortak Tez Yoneticisi : Prof. Dr. Asuman [Gac

July 2012, 77 sayfa

Dokiman yonetim sistemleri icgjigenel olarak birgok veritabani tablosuna dagitiimagait
veya dosyalarda bir butun olarak, herhangi bir ayirt edieilikleri olmadan saklarlar. Bu de-
polama mekanizmalari icerikle ilgili anlamsal bilgininngtilmesini ve boylece depolanmis
dokamanlarin Uzerinde anlamsal bilgi cekme, arama glbvligri s@jlayamazlar. Anlam-
sal agidan yetersiz dokuiman yonetim sistemlerine gedisamlamsal kabiliyetler kazandir-
mak icin bu sistemlerde depolanan i¢griek olarak, sistemin icindeki Ustl kapali anlam-
sal bilginin ortaya ¢ikarilmasi ve zaten var olan igariharici kaynaklardan toplanan, asil
icerigin kendisiyle alakali ek bilgilerin dikkate alinmasi gdre Ancak, hali hazirda var
olan dékuiman yonetim sistemlerinden acikca ifade edilmdyigiyi ¢cikarmak, bu bilgiyi
bir anlamsal dékiiman y®netim sistemi ortamina aktarmalcesgin Gizerinde anlamsal op-
erasyonlar sglamak; bilgi ¢cikarma, bilgi gekme ve anlamsd alanlarindan bir ¢ok yeni-
liklerin benimsenmesini gerektiren zorlu bir istir. Bulisanada, icein var olan sistemler-
den otomatik olarak ¢ekilmesini, ¢ekilen iggin acik bglantili veri Gzerinden cekilen bil-
gilerle zenginlestiriimesini; ve depolama ve arama bakindan birgok anlamsal iglevsellik
sajlayan metodolojiler gelistiriimektedir. Onerilen yakimda ist§e uyarlanmis, anlamsal

indeks olusturmak icin basit bir RDF yol dili kullaniimadir. Bu dil ayni zamanda acik

Vi



baglantili veri Gzerinden elde edilen ek bilgilerin 6zel am&gllanim durumlarina gore fil-
trelenmesiigin de kullaniimaktadir. Filtrelenmis eldiliér dékiimanlarin asil igerikleriyle be-
raber 6zel kullanim igin hazirlanmis indekslerde songtitidir. Bu anlamsal indeks alt yapisi
anlamsal olarak dgeri olan arama islevlerinin §snmasina olanak verir. Onerilen metodolo-
jiyi IKS projesinin yazilim Uriinlerinden biri olan Apache&hbol projesi kapsaminda hayata
geciriimektedir. Bu esnada Apache Stanbol'un depolamarama kisimlarina@rlik ver-
ilmektedir. Calismanin son asamada 6nerilen metods&gjik alaninda cesitli Sglik portal-
larindan alinan dokimanlarla @erlendiriimektedir. Bu islem sirasindadsantili veri bulu-
tunun bir parcasi olan DBPedia vejdéla ilgili Gi¢ ontoloji kullaniimaktadir. Bunlar siraga
SNOMEDCT, ART ve RXNORM’dur ve bu li¢ ontoloji dokimanlaragsikla ilgili ek bilgi

ilistirmek icin kullaniimaktadir.

Anahtar Kelimeler: Anlamsal dokiiman yonetimi, anlamsglalama, anlamsal arama, an-

lamsal &
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CHAPTER 1

INTRODUCTION

Majority of today’s Content Management Systems (CMSe% mwverful semantic function-
alities on the managed documents [1, 2]. These legacy sgstastly use relational databases
to store the data through several relational tables. SortteedEMS providers try to include
built-in semantic functionalities, however these canrmbgyond simple and domain specific
operations on the stored documents. Considering the divensd size of available Linked
Open Data cloud [3] on the web, more powerful as well as cugilne storage and indexing

mechanisms are required rather than the standard relbtiatedbase management systems.

While communicating with other people, content authorsaulditional, distintictive knowl-
edge into the documents they publish [4]. This annotatiatess is important considering
the activities that could be carried on on top of the add@&i@nnotations. Indeed, most of the
content management activities such as categorizatiameval, etc are done according to the
semantics of the annotations. Therefore, associatingmdents with relevant and meaningful
annotations and management of these annotations alongetital documents is very critical

to provide competent content management activities.

As the number of CMS implementations increase, CMS prosidieve started to employ
some API specifications and standards to increase intebiligr between dterent imple-

mentations. JCR [5] and CMIS [6] are two sucdffioets. In content repositories which are
compatible with these standards, documents are représeiitte nodes. Pre-defined prop-
erties are associated to nodes to be populated manuall[tFlough, such properties may
give some explicit information about the content, withondlgzing the content itself, it is not
possible to provide sophisticated semantic features. #laoually annotation of documents

is an error prune and time consuming task [8]. Please notdttttaighout this thesis, we will



use thecontent repositorgerm interchangibly with theontent management systéanm. So,

they refer to same concept.

In the annotation process of the documents managed in thee€M® Linked Open Data
cloud should also be took into consideration as it grows degldy thanks to its open nature
[9], yet it has 52 billior triples! Considering the existence of such a huge collaaiodata,

enhancement of documents with semantically related krady@l@vould be pretty reasonable
and such semantically enhanced content would enable hgikkmantic features on top of

them, which cannot be obtained via straightforward methods

In this study, we address the semantic incompetence ofrexiSMSes. We propose a unified
approach which brings several latest advancementstareit areas of information extraction
(IE), information retrieval (IR) and semantic web techrgiés all together. In the open source
community, there are a remarkable number of mature andestaftware tools providing

solutions for the advancements in question.

Our study introduces two fierent software components: tdS Adapteifor the semantic
lifting of JCR/ICMIS compliant content repositories, and t@ententhubfor powerful se-
mantic indexing and search of the documents considering rtetadata and enhancements
coming from several @lierent external RDF [10] datasets such as DBpedia [11]. Wéd&o

a mechanism for automatic semantic lifting of JCR and CMIRgliant content repositories.
We directly communicate with the underlying data model axtdaet semantic relations, and
generate RDF based semantic data to be processed in thetigesganch process. The com-
munication is bidirectional, thus conveniently structURDF data can be pushed back to the

content repositories.

Apart from the semantic lifting, one of the salient benefitlei®d by the features devel-
oped in our approach is the opportunity for creating custmmantically meaningful indexes
tuned with specific use cases, needs. By exploiting such argérally enhanced indexing

mechanism, we build a search machinery providing variougswia search for documents
by keyword or structured queries or navigate on them usiogtéal search or related query

terms.

Moreover, the aforementioned semantic indexing machiaeaples users to use of the linked

data according to their specific needs. Linked Open Datadciiready includes lots of



datasets for many fierent domains. Using such datasets which have reached tarstigds

maturity provide high-quality annotations, storage arata® on documents.

This work has been conducted in the scope of "Interactivevkedge Stack for small to
medium CMZKMS providers (IKS) project funded by the EC (FP7-ICT-208)7- Apache

Stanbol project [12] is one of the software products dewedoip the scope of IKS project.
The CMS Adapter and Contenthub components introducedeeark two of the components

of the Stanbol, which will be explained in detail in the neattons of this study.

The rest of this thesis is organized as follows: We will gike bverall definition of our ap-
proach in Section 2, then in Section 3, we elaborate the @tnib component by explaining
the semantic indexing and search functionalities in detalien in Section 4, functionali-
ties provided by the CMS Adapter component will be presenfedase study in healthcare
domain of our study will be given in Section 5. Before conahgd we will mention about
the related works regarding our study Section 6 and finakytkiesis will be concluded in

Section 7.



CHAPTER 2

APPROACH

The ultimate aim of this study is to provide reusable ses/iaad components to enhance
CMSes with semantic capabilities. As stated earlier moghefCMSes do not have the
capability of mananagement of semantic information relatith the documents contained
in the system, therefore they cannot provide semantic nbm@nagement activities such as
retrival, navigation, etc. In our approach, we explicat® twain components, which tries
to overcome the semantic incompetence of existing CMSes. pftposed components are
Contenthub [13] and CMS Adapter [14], respectively. Cotiteh and CMS Adapter are two
of the main components of Apache Stanbol. Although the fegar those two, it is important
to say that they make use of other components of Stanbol.efdrer the other components
that take place in this approach will also be mentioned ingh fhével manner. By utilising
several components of Stanbol, we propose an approachgthttbe integration of several
techniques and tools from information extraction, senecantb mining, information storage

and information retrieval areas.

In this chapter, the overall approach of our study is givemgbiyng through the several parts
of the Stanbol framework. Some of the technologies and tqaks related with the general
approach are given in a moderate detail so that the studydwmulinderstood clearly. Also,
not to leave the approach in a very abstract state, we meationt some other technologies in
a very superficial way. Detailed background for these teldyies and techniques are given

in Chapter 3 and Chapter 4.

As the base framework for the proposed approach, we stdrtthdt Stanbol:
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2.1 Apache Stanbol

Apache Stanbol is an open source modular software stackeasdble set of components for
semantic content management as presented in Figure 2.1s Aame indicates, for the time
being, it is being developed in the scope Apache Softwaredian (ASF}. In addition to
the fact that each component of Stanbol provides both i@ functionalities to be used
by the CMS provideyslevelopers, integrated services can also be procured bgasing of

several components of Stanbol.

2.1.1 Design Decisions in Stanbol

Stanbol has been being developed according to a number ighdéscisions. First of all, it
is mainly implemented with Java [16] programming languag#hough some parts of it is
implemented with other programming languages. For exanipIL interfaces of Stanbol

are drew using the Java Script and Freemarker [17] templ&imguage.

The second design decision is that Stanbol components dheuimplemented compliant
with Open Services Gateway initiative (OSGi) [19] compdrfeaaimework. Units of resources
which can be installed to an OSGi environment are entitleduaslles Once an OSGi en-

vironment e.g Equinox runs, any code piece wrapped as an ©8t@ie can be installed to

! http://www.apache.org/
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Figure 2.2: Layered OSGi architecture [18]

that environment as well as any bundle already installetid¢aetivironment can be updated,
stopped or removed from the environment at the applicatisnime without rebooting the
whole system. Figure 2.2 depicts the layered architectiitkeoOSGi and how bundles op-
erate in several layers. One of the most important featurtteedDSGi is the service registry
concept. In reference to service registry mechanism, eaotlé can register one or more
services to the OSGi environment and each bundle can detditioa, removal of services
and continue to execution according the new state of sexvi€ellowing this design deci-
sion, every component of Stanbol is being developed in a taoduanner and they register
their own services so that the other components and extelierats can make use of them.
Also, most of the components require other components tdleet@ execute. Thanks to the
Apache Felix [20] which is the OSGi container implementatised in Stanbol, components
are able to listen other components that they need to exacatproper way. Once all of the
listened components are registered to the environmetdnés component starts to run and

its services become available to be exploited.

The third design decision is the Representational statsfea(REST) [21] architecture. Ac-
cording to this, functionalities provided by componentsSténbol would be accessible as
RESTful services. Stanbol uses the JAX-RS [22] which is @ Jaegramming language
API that provides support in creating web services in linghwhe REST architecture. More
specifically, Jersey [23] implementation of JAX-RS API i®ds In this context, Stanbol be-

comes a serverftering various services and clients can make use of the mdweérvices

6



through Hyper-text Transfer Protocol (HTTP) [24] methodslsasGET, POST DELETE

etc.

For the compilation step of the Stanbol, the Maven framev28 is being used. It makes
possible to compile several Java projects with a commandveMals dfers purpose spe-
cific plugins and allows compilation specific adjustmentsr iRstance, thanks to the Sling
Launchpad Plugin [26], the executable programs of all ctedplava projects are aggregated
within a single executable Jar file according to their OS@icffir start levels. Afterwards,
running the Jar file with the single "java -jar" command iffisient to launch all OSGi envi-

ronment.

The Stanbol project is built by several committers. So, ihenaged with an version control
framework. The Subversion (SVN) framework is being usedeepktrack of the source code

of Stanbol. The online repository is accessiblé.at

2.1.2 Stanbol functionalities

Functionalities provided by Stanbol can be categorizecufalir main groups:

e Content Enhancement:
Enhancer component [27] of Stanbol enhances a given camyegathering additional
semantic metadata. It takes the content and relays it to @f sgthancement engines.
Each enhancement engine has a specific purpose. For instengcef the engines con-
verts the initial content into a processable format, anotme extracts the language
of the given text. Other engines are able to extract namatesnsuch as organiza-
tions and places from the given textual content. Furtheasgiminformation about the

recognized entities is retrieved from Linked Open Data @loy some other engines.

e Reasoning:
Reasoning servicedtered by Reasoners component [28] of Stanbol provides éxtrac
ing implicit knowledge from the semantic information oloiedl for the documents via
the content enhancement process. Reasoning functiesadite composed of a set of
services which make use of automatic inference engines asidhermit [29], Jena

RDFS reasoner [30], etc.

2 http://svn.apache. org/repos/asf/incubator/stanbol/



e Ontology Management:
Ontology Manager component [31] of Stanbdlers a controlled environment where
users can access, modify the ontologies managed in the s€&tanbol. It provides
ontology networks and sessions to work on certain parts wipbex models which are

comprised of several ontologies.

e Persistence:
The Contenthub component of Stanbol is a document repgsitioich provides seman-
tic storage for the content items and semantic search ssreittop of them. Text-based
documents can be submitted, semantically indexed andrszhthrough the services
of Contenthub. CMS Adapter is another component which agmease integration of
semantic functionalities provided by Contenthub with Bgeontent repositories com-

pliant with JCRCMIS specifications.

The work carried out in this thesis corresponds with the tionalities grouped under the
Persistencéayer of Stanbol. However, without using the enhancemepdiloidities of Stanbol

on the documents, Persistence layer does not make senge pette following section, how
different techniques are combined to provide semantic indextiiigsearch will be given in

general terms.

2.2 Semantic Content Management with Stanbol

Initially there are the CMS and Stanbol on the scene. To befnefih the semantic function-
alities provided by Stanbol, the CMS should submit its conte the Stanbol. It is possible
to get only enhancements as the result of content enhant@moeess, however through this
interaction pattern all semantic data flows in the runtimeé #¢re CMS would have nothing
stored persistently at the end. However, in this study wedam the interaction pattern in
which the submitted content is store persistently so thphisticated search functionalities

would be provided on the persisted content.

8
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2.2.1 Accessing to Stanbol

To persist submitted content within the Stanbol framewarky CMS can use the RESTful
services of Contenthub as the easiest way. Thanks to the Rp@dach, a CMS can make
use of Contenthub services with minimum change to CMS coéevilg) the internal capa-

bilities in a RESTful manner provides covering a broad taegalience to Stanbol, because
REST is a technology independent approach which requirgsngomore than accessing to

the services through HTTP methods.

The second way to use Contenthub services is the Java tesrfaHowever, this requires
deployment of Stanbol instance into the same OSGi envirahnimewhich the CMS itself
resides. That is to say, the CMS should have already beelingiiman OSGi environment
and Stanbol modules should be located within the same emagat. Once these conditions
are satisfied, the CMS can retrieve services using the O&@oph features e.g it can register
for specific services or traverse the existing ones, eveanitacdapt its own modules such that
those modules would be active if and only if the referenceahlsal modules are already
active and ready to use. Sling-stanbol [32] is an integr&dework which can be given as
an example to CMSes which benefit from Stanbol services g¢firdava API. Sling-stanbol
is composed of union of Stanbol and Apache Sling [33] projduth is a JCR based CMS.
In the scope of Sling-stanbol the original Sling framewaskenhanced with the semantic
functionalities provided by Stanbol. For instance, Slatgnbol provides faceted search over
the documents which cannot provided by the Sling itself.uFég2.3 shows the interaction

between a traditional CMS and the Stanbol through RESTfvicges and CMS Adapter.

’nttp://incubator.apache. org/stanbol/images/stanbol-cms-scenario.png



An alternative way to submit documents from the CMS into tlent€nthub could be the
usage of CMS Adapter component. However, only JCR or CMISpdiamt repositories can
make use of CMS Adapter. In this interaction pattern, the @M@ anage their documents
within the Contenthub by allowing CMS Adapter to pull the dowents from the CMSes
themselves and submit to the Contenthub using the standaessing ways defined in JCR

and CMIS specifications.

2.2.2 Content Enhancement

Once the content arrives in the Contenthub, it is directlgghkgted to the Enhancer component
of Stanbol to obtain semantic enhancements belonging toathtent itself before any storage
and indexing operation performed. Depending on the cordtgur of Stanbol components i.e
the Entityhub and Enhancer, enhancements might includeugatypes of additional knowl-
edge relevant with the content. As introduced earligfedent kinds of enhancement engines
contribute dfferent kinds of enhancements. The content enhancementsstiep first step
where sophisticated techniques are used and in the nexgrpphes, the enhancement engines

that take part in our approach will be mentioned.

Two of the enhancement engines that are used in our approachlated with Natural Lan-
guage Processing (NLP). One of them, namely the Named ERétpgnition Engine [34],
uses the Apache OpenNLP [35] to extract named entities fhenthte textual content which
is passed as the input. This engine is able to extPacson Place and Organizationtyped
entities. Another NLP-related enhancement engine is tlygvked Linking Engine [36]. This
engines aims to extract occurences of entities which aeadyra part of a controlled vocab-
ulary. By controlled vocabulary we mean a dataset which islieation of terms or phrases
that are related with a specific domain or subject [37]. Am@xa can be the terms regard-
ing the animal kingdom e.g kinds or other distinctive cheeastics of animals, etc. The
terms or phrases defined in the controlled vocabularies sed to tag the documents and
then the tags are used during the retrieval process of dotgme€onsidering the definition
of controlled vocabularies, it can be said that Keyword ngkEngine provides recognition
of named entities related with a specific concept or domalichvis represented with a con-

trolled vocabulary.
The last enhancement engine which we are interested in Naheed Entity Tagging Engine
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[38]. This engine makes use of the Entityhub component tagetiled semantic information
for the named entities recognized within the given text eont Any data source can be

bundled in the scope of Entityhub component to retrieveildategarding an entity.

2.2.3 Content Storage

Contenthub is the responsible component from contentggomdexing and retrieval. It man-
ages several semantic indexes which are configured acgdalgpecific use cases. Managed
indexes diters from each other in terms of the index fields and index fielafigurations.
Index fields and their configurations are specified by meamssiinple RDF path language,

LDPath, which is described in detail in Section 3.

Once the content enhancement process is completed, Cuberetalizes one last additional
semantic knowledge gathering. In this activity, Contebthses the named entities recognized
during the content enhancement process. It requests @talitknowledge for each named
entity by querying the Entityhub. However, the most impottaoint of this query operation
is that Contenthub queries the Entityhub using the same tbiRstance which was used to
create the target index into which the documents are sudxhitAs a result, only relevant
information for specific use cases is obtained. As a redudtacquired information is fully

compatible with the target index which is dedicated to theaase.

In addition to the storage of actual content and additiomaMkedge, enhancements of doc-
uments are also stored as a whole. Since the enhancemeimsRiD& format, triple stores,

which are specialized storage frameworks, are used to tterRDF data.

2.2.4 Content Retrieval

On top of the stored content and knowledge i.e the additigehantic information about
the content itself, various types of search operations emé@qed in the approach carried out
in the scope of this thesis. Recent, advanced search tedmgych as semantic search and

faceted search are combined and a sophisticated conteatabfeature is fiered.

The basic search functionility provided is the keywutl-text search. The full-text search

is not only done on the actual content but also consideriagatiditional knowledge about
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Figure 2.4: Semantic content management overview

the content itself. So this makes possible to get documaerttsei search results even if the

original query term would not be contained in the actual eohof the documents.

Another option to retrieve documents is via structured iggerBoth the indexes keeping the
documents and their purpose specific properties can beegueith structured queries and
also the triple stores can be queried with the SPARQL [39jU=ige. Ability to query the

stored documents with already available query languagasda users with the opportunity
of benefiting from the advanced features of those languagdsh have been invented by the

immense know-how.

Figure 2.4 shows the workflow of semantic content manageimemtr approach. The flow
starts with the submission of documents to the Contenthudugfn the RESTful API or Java
API provided by the Stanbol framework. Using several infation retrieval techniques, ex-
tra information about the content (e.g language, contaia@ded entities etc...) are extracted.
Later on, the extracted information is expanded with thaeteel semantic knowledge retrieved
from Linked Open Data cloud. All additional semantic knoside related with the initial con-
tent (retrieved as enhancements) is stored along with iti@ icontent in custom, specialized

indexes and it is used during the search process afterwards.
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2.3 Integration with Content Management Systems

Apart from the RESTful and Java access to the Stanbol, CM®t&das the bridge be-
tween the CMSes and Contenthub as stated in Section 2.2ile Weracting with the CMS
Adapter, the CMSes provide the CMS Adapter with some of tk8rditive properties of the
documents to be submitted to or deleted from the Contentlgipaths or identifiers. Thanks
to the provided distinctive properties of documents, CM&gtdr would be able to access the
CMS and retrieves the specified documents. By doing so, th& BNapter component aims
to ease integration of semantic storage functionalitiesiged by Contenthub with CMSes
considering the structure of CMS itself. During the subimisgrocess, together with the
actual content of the documents, their additional propsrére also fetched from the CMS
submitted to the Contenthub along with the actual contebetosed as additional knowledge

in the subsequent operations such as search.

In addition to the Contenthub feed facility, CMS Adaptenpdes transforming the structure
of the CMS into RDF format, which can be processed by the Gdintd» component during
the storage and retrieval activities. Therefore, not ohly additional knowledge through
the content enhancement process but also the semanticsatedhevithin the structure of the
CMS itself. With the same mapping feature, CMS Adapter is alsle to update the CMS
itself with a given external RDF data. This makes it posstblexploit Linked Open Data
which is already available on the web, within the CMSes. Bypirrg external RDF data,
existing documents in the CMS can be updated or new ones careated. Thanks to this
feature, already existing RDF datasets from various dosiaitthe Linked Open Data cloud

can be exploited to provide qualified classificataategorization for documents.
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CHAPTER 3

SEMANTIC INDEXING AND SEARCH

In this chapter, the Contenthub, which is the core compopemtiding the semantic, cus-
tomizable storage and search functionality, is being desdr To provide better understand-
ing of the study, we first provide a background on the enahitiofs, technologies and stan-
dards in Section 3.1. After giving the background informatisemantix indexing and search

approach will be explicated.

3.1 Background

3.1.1 Semantic Web

According to its creator Tim Berners Lee, semantic web isxarsion of the original web
with better methodologies to express the meaning of thirgggesenting knowledge in stan-
dardized ways i.e by defining ontologies [40]. The entiteysresented as a knowledge piece
within the semantic web and relationships between theiestire represented with URIs
[41]. Since, the properties of entities and relationshg designed in a way that they would
be recognized by machines instead of human beings, semattiéocuses on single entities
rather the web pages. The common practice for represertmgriowledge in the seman-
tic web is to use well-known vocabularies as much as possMbeabularies are dedicated
collections including the concept and possible relatignslefinitions between the concepts
related with a specific domain. For instance FOAF [42] is aytepvocabulary which mostly
contains concepts, terms related with people. Terms framows vocabularies can also be

mixed to make the knowledge representation more undeladdanddy machines [43].
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3.1.1.1 Linked Data

From the concept definition perpective, the standardiratitort while defining the data
within the semantic web necessitates vocabularies to lxedinvith other vocabularies to
able to represent the terms corresponding to the same dowitbpcommon, well-known
terms. Apart from the concept definitions, to realize the wkbata approach, data repre-
senting actual entities are defined in an interlinked mabgearonnecting dterent pieces of
entities with each other. In this way, explicit links betwesntities are formed and semantic

web applications are able to traverse among the entitiksdieach other [44].

Linked Open Data [3] project aims to extend the original wethwata sets which are con-
nected with each other in line with the linked data approa€br the time being, a lot of
organizations have already been published their data logiasing with other data sets. Fig-
ure 3.1 shows the state of links betweefligtient datasets from various domains by September

2011.

Ihttp://richard. cyganiak.de/2007/10/1od/lod-datasets_2011-09-19_colored.html
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foaf;Person ‘King Henry VIII’
. rdfitype
rdftype foaf:name
dc:creato

foafiname g Henry VIT'

dc:creator foaf:Person
\({f:tvpe

foafiname__ (e beth of York’

prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns# >
prefix de: <http://purl.org/dc/elements/1.1/>
prefix foaf: <http://xmlns.com/foaf/0.1/>

Figure 3.2: Representing persons with RDF [47]

3.1.1.2 Resource Description Framework(RDF)

RDF [10] is the base building blocks of data forming the seticameb. It is the defacto web

resource representation language [45]. Although thealnititention to represent metadata
about web resources, such as author or modification datagef, fRDF is used to represent
anything which is referenced through a URI [46]. The actwhdegarding the resources in
the semantic web can also be dereferenced i.e retrievedgihiiie URIs of resources. The
reason to choose to represent the web resources with RDFtis display data the users, on

the contrary to make data understanble by computers.

Representing web resources with RDF is convenient in terntisleed data approach, be-
cause RDF provides knowledge representation through R&2€nsents called dsiples and
each triple represents a property and value of the propertg fesource. Mostly a triple is
represented as (subject (s), predicate (p), object (o)yendleas a property with value. In
this structures andp must be represented with URIs. Howewvercan be either a URI or a
literal value. Figure 3.2 represents three people wherpdahmson named dslizabeth of York
andKing Henry Vllare the creators of the person nankédg Henry VIIl. The same figure
also shows the linked data approach where several voc@silave been used to represent a

single web resource eijng Henry VIII
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3.1.1.3 Web Ontology Language (OWL)

With its most generic definition, OWL is a generic knowledgeresantation language hav-
ing different more specific implementations such as OWL Lite, OWL bd &WL Full.
This language is designed to machine readability of then&ion published rather than just
showing to the users. OWL language is used to explicitlyes@nt the meaning of terms in
vocabularies and the relationships between those terms.rdpresentation of terms and the
relationships between them is called an ontology [48]. O¥/ari extension over RDF, XML
and their schema definitions such thatflieos an improved vocabulary for describing classes,
individual, properties, relations between classes, icglatbetween classes and individuals,
typing of properties, etc. The sophisticated structureh language also allows reasoning
on the knowledge annotated with this language. Throughsonéag process, the implicit in-
formation hidden in the actual knowledge is extracted byingalkise of the relations between
information items. Since design of the OWL language is rigtahitable for the reasoning
process, the prevalent reasoners are ones those work on @Wdtated data such as HermiT

[29], Fact-+ [49].

3.1.2 Data Persistence and Access

When it is considered from the perspective of document Ipeesistence and access in the
CMSes, the most common feature is the keyword search ovecthal content of documents
and their metadata [50]. There are also attitudes towaresriohing the full-text search with
structured search methodologies [51, 52, 53]. In this eective will give background infor-
mation about dferent storage and search methodologies, which takes pldbe approach

proposed in this study, in flerent granularities.

3.1.2.1 Apache Lucen& Apache Solr

Apache Lucene [54] is an open source full-text search erldiregy written in Java program-
ming language. However, it is being ported several othegdages such as Delphi, Perl, C#,
C++, Phyton, Ruby, PHP, etc. The indexing unit of the Lucene»tusd documents with
additional metadata fields to be indexed alongside the ledteaments. Lucene has the flex-

ibility to extract textual content from flierent formats of files such as PDF, HTML, Microsoft

17



Word, Open Document documents, etc.

Apache Solr [55] is an open source enterprise search piatfanich is set up on the full-
text indexing and search capabilities of Lucene. Sdlers a high scalability thanks to its
distributed search and index replication features. It dao be used as a standalone full-
text search server within a servlet container such as Apacheat [56], Glassfish [57], etc.
Clients can access to Solr server through HTTP protocol $24Hing queries in XML [58]
or JSON [59] formats. This removes any dependency to a sp@cdgramming langugage.
Easy index configuration options and programming languadegendent features allows
applications to use the Solr as an underlying indexing aactkdramework andfter faceted

search features over the indexed content.

Faceted search is a search paradigm which guides the usaravigating on the multidi-
mentional data [60]. It allows gradually constraining opamding the documents or search
results in an intuitive way. Constriction and expansionrapiens are realized by the facets
and their associated values which match with the preseetadts. As long as users choose
more facets to constrain documents, available facets amndassociated values decrease vice
versa as long as already chosen facets are deselected rdar@es possible facet and facet

values appears.

Search Ranking with Apache Lucene

For the documents whose textual content can be extractegnieyprovides scalable and high
performancing indexing features. Lucene provides a raskadch over the indexed content.
Ranking is done according tf*idf (term frequency-inverse document frequency) weight.
This weight is a numerical statistics indicating the impaode of the word within a document
contained in a collection or corpus [61]. Lucene also sugppowerful query types such as

wildcard queries, range queries, etc.

In detail, the following mathematical formula is used by theene to calculate ranks of the

resultant documents in a search process.

score_d = sum_t (tf_q * idf_t / norm_q * tf_d * idf_t / norm_d_t * boost_t)

* coord_qg_d
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This formula used for ranking also applies for the searchhaeism proposed in our study.

The meaning of the terms in the formula are as follows:

score_d: Score for document d.

e sum_t: Sum for all terms t.

e tf_g: The square root of the frequency of t in the query.
e tf_d: The square root of the frequency of tin d.

o idf_t:

log(numDocs / docFreq_t + 1) + 1.0

e numDocs: Number of documents in the index.
e docFreq_t: Number of documents containing t.

e norm_g:
sqrt(sum_t((tf_q * idf_t)+2))
e norm_d_t: Square root of number of tokens in d in the same field as t.
e boost_t: The user-specified boost term for term t.
e coord_g_d: Number of terms in both query and documgntimber of terms in query.

This can be summarized as the scoring is based on term fregaead term density in the

document.

3.1.2.2 Triple Stores

Considering the massive amount of linked data representdd RDF, there is a need to
store and access to RDF data considering the nature of the RIpke stores are dedicated
databases to store RD [62] such that basic functionalitipe@ed from a database such ex-
port, import, querying, etc are specialized for RDF repmét#on in triple stores. Triple stores
also provide inference (reasoning) services on the martagadiedge, resulting in extraction

of implicit knowledge which is not originally contained ihd initial knowledge.
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Figure 3.3: Generic Architecture of an RDF Store(Sesand) [6

There are dferent approaches while building the triple stores. Whilmsof the are imple-
mented from scratch, some others are built on top of exiséfegional database engines [63].
Triple stores are mostly composed of two layers which arer¢ipesitory and middleware
layers [64]. As triple stores can usedfdrent mediums e.g files, databases, main memory for
storage, repository layer capabilities aféeced via unified interface which is independent
from the underlying storage medium. Apart from the storaddd, Anference services also
resides in the middleware layer. Sesame [65], one of thelapiple stores, applying this
approach as seen in the Figure 3.3. The picture depicts aise sf the middleware layer

modules, which are not focused in this study.

For querying the RDF data, triple store$ay various ways such as implementing a proprietary
API such as SeRQL [66], KAON Query [67] or implementing a qu&mguage such as
SPARQL [39], RQL [68], etc. We focus only on SPARQL since ithe only RDF querying

language used in our approach.

3.1.2.3 SPARQL

SPARQL is the abbreviation of the statem&RARQL Protocol and RDF Query Language
SPARQL is the W3C recommended query language for the seenaah which is formed by
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interlinked RDF data. Since RDF is a directed graph datador®PARQL would be a graph-
matching query language consisting of triple patternsjwuntions, disjunctions and optional
query patterns. According to [69], a SPARQL query is compadehree parts: The first part

is thepattern matchingpart where the constraints reside in triple forms. The cairgs can

be used together with the advanced features of SPARQL sucptiasal parts, unions, etc.
The second part isolution modifiergart which is used to postprocess the raw output of the
guery with operators like distinct, order, limitffeet, etc. The last part of a SPARQL query
is the actualoutput part which can be of dierent types such as yas queries, selections
of values of the variables which match the patterns, cocistmu of new triples from these

values, and descriptions of resources.

3.1.2.4 Apache Clerezza

Apache Clerezza is an OSGi based framework aiming to prawidet of functionalities as
RESTful services to manage the semantically linked dath [@erezza’'s Smart Content
Binding (SCB) layer allows storage of the RDF content in a patible way with the W3C
RDF specification [46]. Clerezza is able to uséatient triple stores such as Jena [71] or
Sesame [65] as the underlying framework storing the contgmiderlying triple stores are
abstracted with the graph data model, which is the part kstiég the compatibility with
the W3C RDF specification. SCB layer also provide$adent facades to directly use Jena or
Sesame APIs during the RDF graph processing. The RDF graplputating API choice is
independent from the underlying storage mechanism. Irr @tbeds, while using the Jena as

underlying triple store, Sesame API can be used to mang@&®BF graphs.

3.1.2.5 LDPath

LDPath is an RDF query language which is a valuable sideymtodf Linked Media Frame-
work (LMF) [72] project. It allows querying RDF as queryingVi with XPath [73] and

it provides advanced features well-suited for querying @atdeving resources from Linked
Open Data cloud [74]. LDPatHi®rs a high level querying layer over the RDF data abstracted
as RDF backends. By default, it provides threfeslent RDF backend implementations which
are Linked Open Data cloud, Sesame triple store and gen®fe fike backends. Besides,

LDPath can be used as a query language to work on any tripie stdRDF data set by im-
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plementing the RDF backend interface and it is also being asea configuration template
to create semantic Solr indexes as in LMF or Stanbol, whidhbiexplained in detail in the

following sections of this chapter.

3.2 Semantic Indexing

Before going into the details of what kind of indexing meadkamis proposed in this study, we
first explain what we mean Isemantic indexingin the context of full-text database systems,
indexes per se are units that providdéBcgnt retrieval of documents satisfying the given
query, éficiently addition of new records and rank the results witlpees to the given query
such that users retrieve the the records of interest fir§t [F&8mantic indexes introduced in
this study are indexes which are configured according toifsp@eeds so that they are built

on certain fields of documents that are inserted to the index.

3.2.1 Semantic Index Management

As stated earlier in this document, Contenthub is the compiowhich is in charge of the
semantic index management. It can manage multiple indexkalbbws conveying of storage
and search requests to a certain index. In the backgrounde# the Apache Solr [55] as
the underlying framework providing the actual indexes aalizing the indexing and search
operations. In one more level deep, Solr uses Lucene framkesval Lucene use inverted
index file structure where each term extracted from docusneaints to a list of documents

in which that term occurs [76].

Creation of new semantically meaningful indexes for canteie cases is realized thanks to the
LDPath [74] language. An LDPath instance is called as an ltbpagram, so from now on
we will use this denomination. LDPath programs are compo$ackfield_name:rdf_path>
pairs. While the field name only indicates the name of an irfigédet, the RDF path piece may
specify properties about the field to be created such as its type, language, etc. It is
even possible to set advanced configurations for the indiglsfigithin the RDF path section.
Contenthub provides services to create custom indexesl lwasa given LDPath program.
That means once a user submits an LDPath program to Contgrdhcorresponding Solr

index is created in the background.
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title = foaf:name[@en] | fn:concat(foaf:givenname[@en]," ", foaf:surname[@en]) ::
xsd:string (stored="false",multivalued="false");

Figure 3.4: A field name and corresponding RDF Path of an LDpadgram

<field name="title" fype="string" indexed="true" stored="false" multiValued="false" />

Figure 3.5: Solr schema configuration of the LDPath instoncin Figure3.4

In the Figure 3.4, a simplefield_name:rdf _path pair is seen. Assume that this defini-
tion is one of the pairs defined in a complete LDPath progratiis line indicates thdtitle
will be one of the fields in the index to be created. Its RDF padlt (foaf:name[@en]|
fn:concat(foaf:givenname[@en]," ",foaf:surname[@enmd) related with document submis-
sion, so it will be explained later on in Section 3.2.2. Hoermvthe type assigned to the RDF
path determines the field type to be created within the indlexthermore(stored="false",
multivalued="false") is a part specifying Solr specific configurations. Accordiaghis in-
struction, index field will not be stored but only be indexdgbat will not be possible to pass
multiple values to this field. All Solr specific field optionarcbe found at [77]. Once a Solr
index is created based on an LDPath program including:fledd_name:rdf_pathdefinition
depicted in the Figure 3.4, the corresponding index cordigom, which can be seen in Fig-

ure 3.5, is created for thele field.

Contenthub provides both RESTful and Java APl to managerberlying solr index. In-
deed, the real job is done by the services implementedfierdnt OSGi bundles composing
the Contenthub component and the core services are wrappaST ful services so that they
would be accessed and called in a technology independenthsaygh the HTTP protocol

from various environments.

3.2.2 Submitting Documents to Semantic Indexes

After creation of an index with an LDPath program, documearas be submitted into it.
However, in addition to indexing the content, additionabktedge related with the content
is extracted by Enhancer component of Stanbol. Enhancenaeatreturned in RDF format

and they include various information about the content ef document such as language,
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named entities, possible references to resources comdisgpto detected named entities in
the Linked Data cloud and several other information abotiaanements themselves. En-
hancements of content items are stored in a triple storésaaisd by Apache Clerezza [70].
Afterwards, it would be possible to execute SPARQL queriegh® enhancements. The
Figure 3.6 shows an example enhancement in XML format corresponding with an or-

ganization typed named entity which was recognized in aigdxtontent. It contains various

information about the named entity as described below:

e extracted-from: This property is a reference to the owner document whichehis

hancement belongs to. It links to the ID of the content iterassigned by Stanbol.

e confidence: This is a numeric value indicating the relevance degree treal entity
referenced in this enhancement with the named entity mesdidn the text where this

enhancement is extracted from.

e entity-type: Indicates the type of the external entity referenced in ¢imkancement.
In this example, the entity have the types@iganizationand Broadcast Thingis a

general base type which can be used for all entities.

e rdf:itype: This property indicates the type of the enhancement itseli sisText Anno-
tation, Entity Annotation etc. Text Annotatiortyped entities are the ones representing
the named entities in the given textual content. The exampt@ancement is aantity
Annotationmeaning that unlike th&ext Annotationsthis enhancement does not repre-
sent the named entity itself recognized in the text. Rathisra reference to an external

entity representing the corresponding named entity halixg Annotationype.
e entity-label: Label of the represented external entity.
e created: Indicates the time when this enhancement was created.
e creator: This is a reference to aénhancement Engingf Stanbol Enhancer.

e entity-reference: This property is a reference to external entity itself whklefined

in an external data set included in the Linked Open Data cloud

e relation: This property is a reference to the enhancement hatéxg Annotatiortype
and the enhancement having this property is a candidatenekntity in Linked Open

Data cloud for the named entity recognized from the textoatent.
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<rdf:Description rdf:about="urn:enhancement-730b17cf-2937-4ced-dd73-178336205660" >
<j Tiextracted-from rdf;resource="urn:content-iten-shal-35772¢867082be008f5ea60528f19adaef5c4192" />
<j.7:confidence rdf:datatype="http://www w3.0rg/2001/KM Schenadouble">197440. 65625¢/]. 7  confidence>
<], Tientity-type rdf:resource="http://dbpedia,org/onftology/Organisation’ />
<j.Tientity-type rdf:resource="http://dbpedia.org/ontology/Broadcast' />
<) Tientity-type rdf:resource="http://Aww v3.0rq/2002/07/owl#Thing" />
<rdfitype rdf:resource="hitp://f1se .1ks-project.eu/ontology/EntityAnnotation”/>
<rdfitype rdf:resource="http://fise.iks-project.eu/ontology/Enhancenent” />
<j.7:entity-label xml:lang="en">CNN</j.7:entity-label>
<j. Licreated rdf;datatype="http://ww.v3 0rq/2001/XM SchemagdateTine'>2012-05-11T19: 61,01, 6917</], Licreated>
<j.licreator rdf:datatype="http://www.v3.0rg/2001/XM Schemagstring*>0rg.apache.stanbol. enhancer.engines.entitytagging.inpl.NanedEntityTaggingEngine</j. 1:creator>
<j Tientity-reference rdf:resource="http://dbpedia,org/resource/CNN" />
<j.Lirelation rdf:resource="urn:enhancement-cd60lfbS-S5ada-29a4-5355-e3e8ab28208" />
</rdf :Description>

Figure 3.6: Enhancement representing the CNN Organization

413 Iterator<Triple> it = sci.getMetadata().filter(null, Properties.ENHANCER ENTITY REFERENCE, null);
414 Set<String> contexts = new HashSet<String>();

415 while (it.hasNext()) {

416 Resource r = it.next().getObject();

417 if (r instanceof UriRef) {

418 contexts.add(((UriRef) r).getUnicodeString());

419 35

420 }

421 Map<String,Collection<?=> results = semanticIndexManager.executeProgram(ldProgramName, contexts);
422 for (Entry<String,Collection<?>> entry : results.entrySet()) {

423 doc.addField(entry.getKey(), entry.getValue());

424 }

Figure 3.7: Querying Entityhub for the recognized namediest

In the next step of indexing process, further details abm@iinamed entities contained in the
document are obtained from the Linked Data Cloud througityni component of Stanbol.

Entityhub is queried with the LDPath instance, which wasijmesly used to create the target
index, in order to get detailed information about the essitiTo express this process clearly,

we go over the corresponding source code depicted in Figidre 3

The code snipped included in the Figure 3.7 is written in Jaegramming language. In the
line 413, the variable namegti represent a document submitted to the Contenthub. In the
same line, its enhancements are obtained in an RDF grapktMetadata(method. Again

in the same line, the triples havimgtity-referenceroperty is requested from the graph. One
entity-referencgproperty must be included in eachBiftity Annotationtyped enhancements.
So, by requesting triples havirantity-referenceproperty, we automatically obtain references
to external entities corresponding with the named entittesgnized in textual content. Be-
tween the lines 414 and 420, all references to externalientire collected in &etobject.

After that in the line 421 Semantic Index Managesf Contenthub is used to execute the
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LDPath program on the Entityhub. Through tieecuteProgranmethod ofSemantic Index
Manager the LDPath program identified with the given paramédté&rogramNamds exe-
cuted on the entities passed in ttantextsset. It can be understood from this code that the
document submitted to the index which was already creatéd tive same LDPath program
identified with theldProgramName In the same line, results are obtained iklap instance.
The keys of the map are formed by the names of the index fieddstle.as seen in the figure
above. The corresponding value of keys Sa@lectionof values for the field specified in the
key. A collection can include any type of values such stringgger, date, etc. In the rest of
the code snippet, the values obtained from the Entityhulpassed to the variabliocwhich

is the Solr representation of the document to be indexed.es & the line 423, keys of the
result map are added as fields and collection of correspgndilues are added as the values

of the fields to Solr representation of document.

While querying the Entityhub with an LDPath program for areemal entity, the ective
parts of an LDPath program are RDF paths offield_name:rdf _path pairs composing the
LDPath program itself. Starting from the given context URL]which is the identifier of an
external entity, all of the RDF paths in an LDPath programexiexuted over the Linked Open
Data cloud. This would make possible to obtain knowledgefr@arious datasets by follow-
ing the links defined in the RDF path. For the querying proceBs ath provides advanced
features as well such &gildcard SelectiondJnions Functions etc. The RDF path part of the
LDPath program depicted in the Figure 3.4 contait@n function which has two operands.
The first operand ifoaf:name[@enjand the second one fig:concat(foaf.givenname[@en],
" " foaf:surname[@en]) The result of this RDF path is obtained by either the firsthar t
second operand. The first operand states that the resulbavitibtained by obtaining the
Englishvalue of thefoaf:nameproperty of the external entity identified by the given cante
URI. On the other hand, the second operand is composelmneatenatiorfunction which
takes three parameters. As a result of this function theiginghlue of thefoaf:givenname
property and the English value of tfieaf:surnameproperty of the specified entity will be

concatenated with a space character in between.

As a result of the additional knowledge gathering processnimgful details of entities are
obtained from the Linked Open Data cloud. This increaseqqtiadity of the annotations
with respect to the context information given with the LD#Pptogram. Anotherféort which

may increase the annotation quality is the configurationriftghub and Enhancer compo-
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nents. Entityhub component provides configuration of djgedatasets from Linked Open
Data cloud. Those datasets can be associatedigigtvord Linking Engineso that they can
be used during the content enhancement process. The caifigustep is an optional one,
but if it is done once in the beginning, named entities areaet using the domain specific
datasets and details of the entities are obtained from tidtar. the initial configuration, the
annotation and indexing process is fully automatic. It iswgh to specify the name of the
index (Solr core) during document submission. Based ongheifted index, documents will

be annotated according to the LDPath instance and indexeddiagly.

During the document submission process, it is also possileovide optional metadata in
the form of<field:value> pairs. If the passed field value is not defined in the targetxnd
a dynamic field is created and it can still be used in the searobess, because it will be
automatically indexed. In the default index of Contenthbte¢ such dynamic fields are
created by default. These gokace organizationandpersonfields. Since Stanbol Enhancer
produces enhancements of person, place and organizaties ity default configuration, we

provide these index fields with the values parsed from theecgments of documents.

As a conclusion, the crucial point of the proposed semamtiexing mechanism is the materi-
alization of all related knowledge i.e knowledge retriefrenn Linked Data cloud or manually
provided metadata along with the initial content. Having traluable knowledge allows us

to provide advanced search functionalities on top of thehigchvare described in Section 3.3.

3.3 Semantic Search

The semantic search machinery of our approach is mainly bnithe additional semantic
knowledge indexed along with the original content. We alsodiit from the Linked Open
Data during some of the provided search features. Througiheusearch machinery the

following search functionalities are available:

e simple keyword search,
e document retrieval via structured queries e.g. SPARQL, [38]r Query [78],
e document filtering with faceted search,

e document exploration with related keywords suggestedi®otiginal query term.
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To realize the search methods, the Contenthub providesiiolg services:

SPARQL Search,

Solr Search,

Related Keyword Search,

Featured Search

Before going to into the details of various search mechasiisve first explain how an indexed

document with a known identifier is retrieved in the scope aft@nthub in the Section 3.3.1.

3.3.1 Single Document Retrieval

Documents are retrieved according to their identifiers whice returned to the users just
after the document is stored. As the documents are storéihviito main storage modules,
which are namely Solr indexes and triple stores, once a dentis requested through its
identifier the two aforementioned storage modules are gdevith the given identifier. The

content itself, additional knowledge obtained through ltBé#ath program execution on the
Entityhub and manually provided additional knowledge dhiba content are obtained from
the Solr indexes. On the other hand, enhancement of coteems are obtained from the RDF
graph containing the enhancements of all documents, byugrgca SPARQL query which

is shown in the Figure 3.8.

The SPARQL query depicted in the Figure 3.8 is the query usedetrieving the document
enhancements. Thanks to this query, union of triples haviagdentifier of the document, i.e
the URI of the document as the object; and triples which goedyasEntity Annotationand

belonging to the document specified with the given identifier

3.3.2 SPARQL Search

Stanbol framework is able to serve RDF graphs through a SRA&®@point so that they
can be accessed through HTTP. The Contenthub uses thisyfatiStanbol and serves the

enhancement graph which keeps the RDF enhancements ofcalingmts submitted to the
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"PREFIX fise: <http://fise.iks-project.eu/ontology/> "

"SELECT DISTINCT ?enhID WHERE { "

" { ?enhID fise:extracted-from ?contentID . } UNION "

" { ?enhancement fise:extracted-from ?contentID . "

" 7enhancement a fise:EntityAnnotation . "

" ?enhancement fise:entity-reference ?enhID . } "

" FILTER sameTerm{?contentID, <" + contentID + ">) " + "}"

o+ o+ o+ 4+ o+

Figure 3.8: SPARQL query to retrieve the enhancements otardent

Contenthub. Through this SPARQL endpoint, documents cajubged; navigated by means
of their enhancements. The enhancement graph also indlodessources representing the
external entities located within external data sourceserdfore, it is possible to execute
SPARQL queries considering those external entities. Hew#wrther entities linked by the
first level external entities cannot be included, unlesy tire detected as external entities
from the submitted documents as well. By executing the SPARQ@ery depicted in the
Figure 3.9, the identifiers of content items are requesteti shat the content items would
have one or more enhancements pointing external entityrdfeeenced external entities are

expected to be cities of Japan and have population more HEGDD00.

In Section 3.3.1, we have already exemplified a SPARQL quesgdion in a diferent way.

The diference is that while pulling out a single document, Contgntises the Java API of
Clerezza to execute the query on the enhancement graph.e@thidér hand, the example we
have given in this section demonstrates the dedicated andgtanbol to execute SPARQL

gueries on any registered graph through the RESTful sexvice

3.3.3 Solr Search

Solr indexes are the fundamental parts of the Contenthelish infrastructure. This service
makes it possible to query underlying Solr indexes diredtlprovides keyword search over
the indexes and in keyword search documents are retrieveshhoconsidering their actual
content, but also the related knowledge indexed along Wwéltontent. Thus, it would be pos-
sible to retrieve documents with a query term which is notaimed in the actual document
content but in additional knowledge regarding the origo@itent. For instance, assume that

a document contains tHeennis Ritchieentity. At the end of the indexing process,Pro-
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Registered TripleCollections

| irg.apache.stanhul.tuntenthuh.enhancements =

Details of Selected Graph

PREFIX fise: <http://fise.iks-project.eusontology/=

PREFIX dg:  <htip://purl.org/dc/terms/>

PREFIX dbpedia <http://dbpedia.orgs/ontolaogy/>

SELECT distinct Pcontent, ?exiernalfniiiy

WHERE {
Penhancement a fise:EnfityAnnotation .
?enhancement fise:extracted-from Pcontent .
Penhancement filse:entity-type dbpedia:City .
Penhancement fise:entity-reference ? 11
fexternalentity dbpedia:country <http://dbpedia. urgfresuurcefjapan} '
PexternalEntity dhpedia:populationTotal Ppopulation .
FILTER (?population > "10000000"""xsd:1integer) .

1

LIMIT 5

| RunSPARQL query |

Figure 3.9: SPARQL query execution on enhancement graph

QueryResponse search(String queryTerm) throws SearchException;
QueryResponse search(String queryTerm, String indexName) throws SearchException;

QueryResponse search(SolrParams solrQuery) throws SearchException;
QueryResponse search(SolrParams solrQuery, String indexName) throws SearchException;

Figure 3.10: Methods provided by the Solr Search service

grammingconcept is indexed within theébpedia:knownFoproperty of the document along
with the document itself. Afterwards, when a keyword seasotione with theC Program-
ming term, the document containing tiennis Ritchiesntity would be in results even if it

does not contain the query term itself.

Thanks to the Solr Search service, executing Solr speciiiegl is also an option. Solr
guery syntax provides very advanced and flexible documdrieval facilities. SolrJ [79]
APl is used as the client to access underlying Solr indexé® Higure 3.10 represents the
methods that can be used by external clients. As can be sdba figure, it is possible to
send the query as $tring object or as a Solr query within SolrParamsinstance. Also, for

both cases it is possible to specify ddient Solr index. In all cases results are returned in
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a QueryResponsimstance. BotlSolrParamsand QueryResponsare classes defined in the

SolrJ API.

Considering that most of the CMS providers are familiar v8thir framework, opportunity
to direct usage of Solr indexes eases the integration ofcasvAll Solr indexes can also be

used through HTTP protocol.

3.3.4 Faceted Search

Solr framework éfers the opportunity for faceted search over the manageaesdes a built-

in capability. This search paradigm allows users to naeigaer the search space in multiple
dimensions. For such a navigation, documents containdtkise¢arch space should be clas-
sified along multiple categories. In our approach, the $eapace corresponds to the Solr
indexes created for flerent use cases,flBrent domains, tlierent needs, etc. The documents
lie within those Solr indexes and the document classifinaisodone according to the fields
defined in certain Solr indexes. In the course of facetedchearour approach, facets are

constructed from the fields defined in Solr indexes.

Providing a set of intuitive facet regarding the stored daoents is usually a challenging task
[80]. While in some approaches, like ours, facets are cootsd using the metadata fields
or terms in the vocabularies [81, 82, 83], other uses logidek are defined so that the more
meaningful and easily comprehensible facets are presémtbd users [80, 84]. Even though
the facets are directly constructed based on the index fieldar approach, since users are
able to define the index fields according to their needs arydateeeven able to associate cus-
tom RDF paths to populate the fields, throughout the systeadprstable facet construction
mechanism isfbered. In terms of the comparison with the classical bedtd#arch approach,
faceted search paradigm seems to provide mfieeteve information-seeking support [85].
It is also popular among many popular online informationeascsystems such e-commerce

sites.

Default index of Contenthub does not include any index figidioating from an LDPath
program. Nevertheless, we create three dynamic index fieidbe place organizationand
persontyped enhancements of documents and they would resultdre ttorresponding facets.

Values of the facets include the names of the external estdbtained from the DBPedia
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pecgie Results for *:*:

* Felipe Massa (3 )
% Femando Alonso (3 Japan shuts down last nuclear reactor

Iranian rapper faces death threats, bounty over song

* | ewis Hamilton { 3 )
# Bruce McLaren { 1) Ferrari put pressure on faltering Massa
Merkel's party takes a loss in German state vote

il Champion Vettel holds off Raikkonen to win incident-free Bahrain GP

Ferar boss backs struggling Massa

places

® Germany { 3

® Nazi Germany (3
® \West Germany (3 )
® Australia (2 )

more

organizations

® CNN(1)

® CNN International {1
® Freeview (UK) (1)
® |otus Cars (1)

more

Figure 3.11: Facets included in the default index of Cormeint

[11]. In the Figure 3.11, aforementioned three facets casele®. Possible facet values are
obtained from all documents and the numbers on the right kigledof a facet value indicates

the number of documents matching with that value of the facet

3.3.5 Related Keyword Search

In addition to the document search over semantic indexesCtmtenthub provides a related
keyword suggestion mechanism for the given initial quergnterhese services accept single
keywords or tokens and return related keywgalens. This can be considered as a search
functionality which returns new keywords instead of docatae The aim of this approach

is to catch the intention of the users anfieo them document navigation options with new
keywords of interest in terms of specific domains or relategwords defined in standard

vocabularies, datasets, etc.
Currently, three dferent related keyword suggestion services exist:
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e Ontology Resource Search:This service looks for the specified keyword in the re-
sources of the ontology which is given as an external onyotoghe search operation.
Search API of the Contenthub allows passing an ontology tntleded in the re-
lated keyword suggestion phase of the search process. Abgntresources whose
names to be compared with the given query term, first of al grigine considers
the ontology individuals and classes defined by using the Q&guage [48] anno-
tations. Apart from the OWL classes and individuals, it ateasiders the resources
having http;Awvww.apache.oygtanbolcms#CMSObjecas value of theirdf:type prop-
erties. Thenttp;/Avww.apache.orgtanbolcms#CMSObjediype is the type of resources
of the ontology produced by the CMS Adapter. Such ontologigsesent the structure
of the CMSes and by processing these ontologies actualsteuof the CMSes are

included in the search process. This topic will be coveradame detail in Chapter 4.

To provide an #icient search over the ontology, we index the local nameseofaiget
resources using the LARQ [86] framework. This frameworkleitp the functionalities

of Lucene to provide féicient indexing and search over the given ontologies. By ex-
ploiting the LARQ framework, we execute SPARQL queries diseover the indexed
ontology to retrieve the similar terms considering theahiquery term. In Figure 3.12,

three SPARQL queries for the three types of target objeetseen.

After an ontological resource is determined as relevamh taith the search query,
this engine considers the other ontology resources regidithe vicinity of the initial

term. The additional ontology terms in the neighborhoodefinitial ontology term are
detected through a number of closure properties among ttedogital concepts such
as subclass and superclass. Furthermore, the engine ai@egying a subsumption

property so that any custom hierarchical structure of thielogy can be exploited.

e Wordnet Search: Looks for related words (such as synonyms, hyponyms, hypesn
etc...) from Wordnet dictionary [87] up to a configurabledkeand returns them as
related keywords. As its name indicates Wordnet is a cableaif interlinked mean-
ingfully related words such as noun, verbs, adjectives avdrds. By using Wordnet,
we aim to provide users with semantically related keywordbéoused to direct the

search process.

e Referenced Site SearchRDF datasets obtained from the Linked Open Data cloud and

managed in the scope of the Stanbol are namdRkésrenced Site#\s you remember,
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PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX owl: <http://www.w3.o0rg/2002/07/owl#>
PREFIX pf: <http://jena.hpl.hp.com/ARQ/property#>
PREFIX ss: <http://stanbol.apache.org/contenthub/search/=
SELECT ?7individual ?score WHERE {

7individual rdf:type 7type.

7type rdf:type owl:Class.

7individual ss:hasLocalName 7name.

(?name 7score) pf:textMatch '+guery term*'.

A

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX owl: <http://www.w3.o0rg/2002/07/owl#>
PREFIX pf: <http://jena.hpl.hp.com/ARQ/property#>
PREFIX ss: <http://stanbol.apache.org/contenthub/search/=
SELECT 7class ?score WHERE {

7class rdf:type owl:Class.

7class ss:hasLocalName 7name.

(?name ?score) pf:textMatch '+query term*'.

}

PREFIX rdf: <http://www.w3.0rg/1999/82/22-rdf-syntax-ns#>
PREFIX owl: <htip://www.w3.0rg/2002/07/owl#=
PREFIX pf: <http://jena.hpl.hp.com/ARQ/property#>
PREFIX ss: <http://stanbol.apache.org/contenthub/search/=
PREFIX cms: <http://www.apache.org/stanbol/cms#>
SELECT 7cmsobject ?score WHERE {

7cmsobject rdf:type cms:CMSObject.

7cmsobject ss:hasLocalName ?name.

(?name 7score) pf:textMatch '+guery term*'.

Figure 3.12: SPARQL queries to fetch similar terms for thginal search query
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Entityhub is responsible from the managemenReferenced SitesGiven a keyword
as input, this search looks into the RDF datasets througlEtitigyhub component
and returns related entities accessed through specifiegiiep For example, for a
specific person this service returns related entities wharehobtained from DBPedia
via dbpedia:birthPlace dbpedia:countryetc... properties of the entity associated with
that specific person. So, based on the specific propertiesn Wie query is term is

Ankara this service may suggest thearkeyas a related keyword.

Related keywords are important in terms of #wplorationaspect within the overall search
process. A user may start from a point and instead of resigithe search results, might want
to change direction based on the initial keyword. This pievén intutive navigation facility

over the best-first search approach.

3.3.6 Featured Search

Featured search basically combines the capabilitieSalf Searchand Related Keyword
Searchso that resultant documents and related keywords can bmedtas a result of sin-
gle service call. Thus, the target users i.e the CMS devedp@MS vendors couldfter a
complete search framework to their end users. In featur@etise&eomponent, the Contenthub
provides aokenizeservice. It performs a preprocessing on the search queryrigsdo ex-
tract entities. Entities can be formed of a single word oesawords. If an entity has more
than one word, it is searched as a whole. This means that wstraohthe underlying Solr
qguery considering the whole name of the entity. For instaassme that the initial query
term isMichael Jackson New York concemefore any search operation, this query term is
sent to Enhancer to be analyzed. After that kiehael Jacksorand New Yorkentities are
detected and they are searched as a whole i.e as if the quaryses like"Michael Jackson"

"New York" concert

In the scope of Featured Search service, we also providestraation layer over the faceted
search facilities so that the users who are not familiar with Solr framework can benefit
from the faceted search capabilities provided by Contdndnd integrate the services into

their existing system in an smooth, straightforward way.
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CHAPTER 4

INTEGRATION WITH CONTENT MANAGEMENT SYSTEMS

Semantic servicesfiered by the Contenthub can be accessed through its RESTalvar
APIs. Besides these APIs, the CMS Adapter acts as a bridgesbetthe content manage-
ment systems and the Contenthub in terms of storage fumdities. The CMS Adapter inter-
acts with the CMSes through the JCR and CMIS specificatiamstHer words, any content
repository, compliant with JCR or CMIS specifications, camkesuse of CMS Adapter func-
tionalities. Before diving into the details of CMS Adaptarpackground about the CMSes
and standards specifying the model of the data to be storthe i@MSes and accessing ways
to it will be given. After giving the background informatipwe will explain how CMSes can

be integrated in the course of indexing and search opegation

4.1 Background

4.1.1 Content Management Systems

A content repository or in other words a content managemesteés is a hierarchical content
store supporting structured and unstructured contemtgeftlsearch, versioning, transactions,
observation and more[88]. CMSes can be difadtent types such as Web Content Management
Systems, Digital Asset Management Systems, Enterpriste@blanagement Systems, etc.
Considering these fierent types, CMSes are environments used by content martagean-
age the content items called as digital assets in mostly anaa repository. Apart from the
actual content of digital assets which can be ifiedlent types such as text, video, audio, im-
age, etc, CMSes also keep metadata about the content it&nsH& instanceauthor, last

modification dateetc. of a web page. Aside from the storage functionalitidelSes dfer

36



provide the content managers with authoring environmearthimassets in which multiple au-
thors are able to work on the same resource. Furthermore,eSlgi&ves traits for metadata

creation and archiving for the content items together wétsioning opportunities.

4.1.2 Content Repository Standards

Ad-hoc implementations of content repository models paelthe code portability, and
hence, the application developers are obliged to work witttipie APIs. Therefore, the con-
tent becomes isolated in repositories which are availaivledecific applications, designed to
access those specific content repositories [50]. Uponasarg number of implementations
of different content repository models standards have been emnerpere are two aspects

on which these standards propose common ways of usage:

e The structure of the data to be stored in content repositorie

e Ways to access to the data stored in content repositories

4.1.2.1 Java Content Repository (JCR)

Java Content Repository (JCR) is a specification definingrtbdel of data to be stored in
content repositories. The model also proposes a Java ARKcesa and modify the data to
be used by content oriented applications. By providing adstedized model and API, JCR
prevents the data isolated in proprietary repositories.Fijure 4.1, how JCR provides a
common API so that dlierent clients, applications would access to the repositogugh the

standardized APl is seen. Even though there would be moneoit@repository at the bottom
layer in the figure, it is perceived as a single repositoryHwy éxternal clients. This design

overcomes the problems of data isolation and code pottabili

In the content repository model of JCR, the data is organizediree structure. A repository
may have more than one tree and each tree is namedraspace As suitable to the conven-
tion, each item on the tree is namedrasleexcept that the leaf nodes in the tree are named
asproperties The actual content and metadata about the content reside properties. The
non-leaf nodes provide the content managers with the opmioytof creating hierarchical

content structures.
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Figure 4.1: Standards-based content repository [90]

JCR dters various ways of querying the underlying data. In the fiession (JCR 1.0) [5],

it enforces the XPath [73] as the default query language.ttiXRaa language designed for
retrieving the certain elements from an XML document. Cdelshg analogy between an
XML document and the hierarchical structure of the JCR madPhth is a suitable choice.
Furthermore, to support the content repositories origigafrom relational databases, first
version of JCR supports SQL queries. To be able to execute g@ties on the underlying
content, JCR implementations provide a database view ofitiderlying repository. In the
second version of JCR, although the methods in the firstetstcome deprecated, they can
still be used. On top of XPath and SQL, JCR 2.0 proposexbatract query modellong with

two default implementations [91]:
e JCR-SQL2: This method ers a query syntax similar to SQL by mapping the abstract
query model to a string serialization based on SQL.

¢ JCR-LQOM (JCR Java Query Object Model): This model is directly used within the
Java programming language. Queries are constructed wighalgects corresponding

with objects of the abstract query model.

4.1.2.2 Content Management Interoperability Services (CNB)

Content Management Interoperability Services (CMIS) a@s=fia domain model including

a data model and capabilities for content management. Taéde loy applications working
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with one or more content repository, CMI8ers a set of bindings including web services and
AtomPub [6]. The domain modelfi@red by CMIS does not aim to cover all of the content
management related functionalities, instead it tries toaek functionalities common to all
content repository implementations. On the contrary taltbR specification, CMIS does not
enforce a programming language, therefore it solves tleedperability problem of dierent

content repository implementations in a larger scale.

The items managed by CMIS are namedhbgects CMIS four types of objects. As in the
case of JCR, all objects can have properties holding abeuadtual content. Default object

types dfered by CMIS is as follows:

e Document Object: Document objects represent the digital assets managedeby th

CMIS.

e Folder Object: Folder objects are container objects for other folder orudoent

objects.

¢ Relationship Object: Relationship objects indicates between document andrfolde

objects. Either the target or the source can be both docuondolder objects.

e Policy Object: These objects are associated with the other objects imicah ad-

ministrative policy e.g access policy, modify policy, edhout the associated object.

4.2 Contenthub Feed

Contenthub feed feature aims to synchronize the documeamaged in JCRCMIS compliant
CMSes with the Contenthub component. Contenthub providesmstically management of
documents by its indexing and retrieval functionalitiebe Bynchronization process is carried
out by functionalities serving for document submissiofdétetion from Contenthub. This
service eases the synchronization process by handlingitmeission and deletion operations
using the identifiers, or paths of documents pertaining édbntent repository. Even the

actual representations of documents within the contertsigpy can be used.

During the submission process, properties of the docunierite content repository are col-
lected and sent to the Contenthub together with the cortsait.iBefore indexing the content

and its content repository specific properties through, 8alnancements of the documents are
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Figure 4.2: Semantic content management with Stanbol freme

also retrieved via Stanbol Enhancer. Eventually, all imfation is indexed and maintained in
the scope of the Contenthub as explained in detail in Ch&pténdexing the properties of
the documents allows utilization the metadata regardirmgich@nts during the search process.
For instance, document classification would be possiblaisiag the classification done by
in the content repository. On top of that initial Contenthuiimgs more semantic metadata for

the documents and provides more meaningful retrieval tipasa

Figure 4.2 shows interactions which occur during the seimaontent management process
among the several Stanbol components. We have alreadyecbtier Contenthub related part
of this diagram and now will focus on the CMS Adapter part. Aersin the figure, CMSes
can directly use the Contenthub through its RESTful or JaRd As an alternative way,

CMSes can also use the CMS Adapter for managing their dodsnrethe Contenthub.

4.3 Bidirectional Mapping

4.3.1 Populating CMS

From one direction, bidirectional mapping feature makpsdésible to populate content repos-
itory leveraging Linked Open Data. This provides a greainess while populating ini-

tially content repository with certain hierarchies basadspecific use cases. Thanks to this
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feature, already existing RDF datasets from various dosntinprovide qualified classifi-

catiorycategorization for documents can be used. Consideringatttettiat more and more
organizations publish their data into the Linked Open Dagactincreases importance of this
feature. Apart from the already available data on the welp,RIDF data can be mapped to
the content repository. By mapping external RDF data, iexjstontent repository items can

be updated or new ones can be created.

Populating the CMS with the given RDF data is a process imogutvo steps. To be able
to process dferrent kinds of RDF data, in the first step, the given dataassfiormed into
a common format. The mapping from the original data to comroomat is done by a
number of configuration as described below in the Table 4l@éad® note that some of the
configurations are not used in the both directions of mappirmgess. Chosen resources
from the external data are represented with the standars @efined in th€MS Vocabulary

which is explained in Section 4.3.3.

Table 4.1: Bidirectional RDF Mapping Configurations

Resource Selector While annotating an external RDF, this configuration presid
selection of resources from an RDF data. For example if this
configuration is set withrdf:itype > skos:Concept resources
having skos:Concepts theirrdf:type property will be selected
from the RDF data. On the other hand, while adding assertjons
to CMS vocabulary annotated RDF, for each resource haying
CMS_OBJECT_URI (from th€MS Vocabularyas its rdf:type,
a statement having predicate rdf:type and value skos:@bmadk
be added
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Resource Name Predi-

cate

While annotating an external RDF, this configuration
dicates the predicate which points to the name of ¢
tent repository item. A single URI such asifs:label or
http: //www.w3.0rg/200Q01/rdf-schemat#labelshould be set for
its value. If an empty configuration is passed, name of théer
repository items will be set as the local name of the URI rej
senting the content repository object. While adding agsestto
CMS vocabulary annotated RDF, an assertion having the-s

fied predicate will be added to RDF thanks to this configurati

Children

This configuration specifies the children properties of enh
items. Value of this configuration should be likkos:narrower
> narrowerObject or skos:narrower > rdfs:label. First option
directly specifies the name of the child content reposittami In
the second case, valudfs:label predicate of resource represel
ing the child item will be set as the name of the child item. sT]
option would be useful to create hierarchies. It is also ibtesg

to set only predicate indicating the subsumption relatguch as

only skos:narrower. In this case name of the child resource wi

be obtained from the local name of URI representing this C

object.

Default Child Predicate

This configuration is used only when generating an RDF fragn
repository. If there are more than one child selector€hiidren
configuration, it is not possible to know the predicate thilithve
used as the child assertion while adding assertions to CN&vq
ulary annotated RDF. In that case, this configuration is tsedt
child assertion between parent and child objects. This gordi
tion is optional. But if there is a case in which this configima

should be used and if it is not set, this causes missing asse
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in the generated RDF.
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<rdf:RDF
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:j.0="http://www.w3.0rq/2004/02/skos/cores"
xmlns:rdfs="http://www.w3.0rq/2000/01/rdf-schema#" >
<rdf:Description rdf:about="http://dbpedia.org/resource/Category:Electric fish">
<rdf:type rdf:resource="http://www.w3.0rg/2004/02/skos/core#Concept" />
<]j.0:broader rdf:resource="http://dbpedia.org/resource/Category:Electricity"/=
<j.0:broader rdf:resource="http://dbpedia.org/resource/Category:Fish sorted by adaptation"/>
<rdfs:label xml:lang="en"=Electric fish</rdfs:label>
<j.@:narrower rdf:resource="http://dbpedia.org/resource/Category:Strongly electric fish"/>
<j.@:narrower rdf:resource="http://dbpedia.org/resource/Category:Weakly electric fish"/>
</rdf:Description=
<rdf:Description rdf:about="http://dbpedia.org/resource/Category:Weakly electric fish">
<j.0:broader rdf:resource="http://dbpedia.org/resource/Category:Electric fish"/>
<rdfs:label xml:lang="en"=Weakly electric fish</rdfs:label>
<rdf:type rdf:resource="http://www.w3.0rg/2004/02/skos/core#Concept" />
</rdf:Description=
</rdf :RDF>

Figure 4.3: A sample external RDF to be mapped to the CMS

Target Path This is the target path in the CMS. While populating the CMS
with external RDF data, this path is used as the root path. |The
hierarchical structure emerging from the RDF is reflectedenn

this path. On the other hand, while generating RDF from |the

CMS, only the content items under this path is considered.

Let's go over an example to get a clear idea on the bidireatiomapping feature. Assume

that the initial external RDF is the one given in the Figui@ 4.
And we have the configurations given in the Figure 4.4.

According to the given input and configuratiorskos:Conceptyped resources will be re-
trieved from the input data. As the name of the content itemthe CMS, the value of the
rdfs:label property of the selected resources will be usaas:narrowerproperties of the se-
lected resources will be considered as the property esianj the hierarchical structure. Ac-
cording to these mapping configurations we obtain a commmwn&b This intermediate result
is also an RDF data and it uses the terms defined i€& Vocabularyn Section 4.3.3. The
intermediate result can be seen in the Figure 4.5 and thdlytmmnapped to thedfmaptest
folder of the CMS.
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Apache Stanbol CMS anlsbefm}t ROF Bridge Configurations x I

Thi i panel allows figy bridges between a content repository and ROF data

Resource  rdftype > skos Concep|

Selector  This configuration is used to fiter resources from the RDF data. |t shoukd have the syntax rdf Type > skos Concept. This configuration states that tripies having value skos:Concept of rdf-type</b> predicate will be fitered. And subject of
selected triples indicates the resource to be created/updated as node/obiect in the repository. It is also acceptable to pass full URIS such as hip:iiwww.w3.0rg/1999/02/22-rdf-synts #type > hitp:/www.w3.0r0/2004102
Iskos/core#Concept. (org.apache stanbol cmsadapter.core. mapping. DefaultRDF Bridgelmpl.resourceSelector)

Resource.  rdfslabel

Name. This configuration indicates the predicate which points to the name of nodefobject to be created in the repasitory. It should indicate a single UR| such as rdfs:label or hitp:/www.w3.0rg/2000/0 Lirdf-schemasiabel. Actually name value is

Predicate  phtained through the tripke (5,,0) where 5 is one of the subjects fitered by the "Resource Selector” ion, p is this parameter. Thi ion is optional, If an empty configuration is passed name of the CMS objects will be set
as the local name of the UR| represented by s. (org.apache.stanbol cmsadapter.core. mapping. DefaukRDF Bridgelmpl.resourceNamePredicate)

Chidren  skosinarrower + -
This configuration specifies the children of nodes/objects to be created in the repository. Value of this configuration should be like skos:narrower > narrowerObject or skos:narrower > rdfs:label. First option has same logic with the
previous parameter. |t determines the name of the child CMS object to be created/updated. In the second case, value rdfs:label predicate of resource representing child object will be set as the name of child objectinode in the repository.
This option would be useful to create hierarchies. It is also possible to set only predicate indicating the subsumption relations such as only skos:narrower. n this case name of the child resource will be obtained from the local name of URI
representing this CMS object. This configuration is optional. (org.apache. stanbol.cmsadapter. core.mapping. DefaultRDF Bridgeimpl childrenPredicates)

Default skosnarrower

Child First of all, this configuration is used enly when generating an RDF from the repository, If there are more than one child sefector in previous configuration, it is not possible to detect the predicate that wil be used as the child assertion. In

Predicate  that case, this configuration is used to set child assertion between parent and child objects. This configuration is optional. But if there is a case in which this configuration should be used and i it is not set, this causes missing assertions in
the generated RDF. (org.apache.stanbol.cmsadapter. core mapping. DefaultR DF Bridgeimpl. defaultChildPredicate)

Content Jrdfmaptest
Repository  This property specifies the content repository path in which the new CMS objects wil be created or existing ones wil be updated. (org.apache.stanbol cmsadagter core. mapping. DefautRDF Bridgelmpl.contentRepositoryPath)
Path

Canfiguration Information

Persistent Identity (PID) [Temporary PID replaced by real PID upon save]

Factory Persistent Identifier (Factory PID) org.apache.stanbol cmsadapter.core. mapping. DefautRDF Bridgelmpl

Configuration Binding Unbound or new configuration

Save Reset | Abart
A

Figure 4.4: RDF mapping configurations

As seen inthe Figure 4.5, there are three objects hantipgivww.apache.opgtanbolcms#CMSObject

as theirrdf:type properties, although there are two elements in the initjplif. Because, the
Electic_Fishentity in the input has skos:narroweproperty referencing th&trongly_electric_fish
Therefore, for this referenced entity, a nominal represtént is created as well. These three

object will be transformed under rdfmaptesinode in the CMS and the hierarchy between

these objects will be processed by using thip;Avww.apache.oygtanbolcms#parentRef

properties. Also the names of the CMS objects will be retriefivom thehttp;Avww.apache.oygtanbolcms#n:

property.

4.3.2 Exporting CMS

Content managers express the semantics they have in mimel ddfining the content items
and their properties, and forming them into a particulardrighy. However, there is no au-
tomated way to extract this semantics from the content repgsstructure, thus the implicit
semantics given by the administrator is not formally expeels Exporting the structure of
the CMS together with the relations between the documer®Di6 makes formalization of
the implicit semantics possible. During this formalizatiorocess CMS Adapter does not in-
terfere with the CMS itself and this prevents adapting CM&lpcts internally to utilise the

semantic functionalities provided by CMS Adapter.

44



<http://dbpedia.org/resource/Category:Strongly electric_fishs

<http://www.apache.org/stanbol/cms#path> "/rdfmaptest/Electric fish/Strongly electric_fish"~~<http://www.w3.0rg/2001/XMLSchema#string>
<http://dbpedia.org/resource/Category:Strongly electric fish=

<http://www.apache.org/stanbol/cms#name> "Strongly electric_fish"~~<http://www.w3.0rg/2001/XMLSchema#string=.,
<http://dbpedia.org/resource/Category:Strongly_electric_fish>

<http://www.apache.org/stanbol/cms#parentRef> <http://dbpedia.org/resource/Category:Electric fish=.,
<http://dbpedia.org/resource/Category:Strongly electric_fishs

<http://www.w3.0rq/1999/02/22 - rdf-syntax-ns#type> <http://www.apache.org/stanbol/cms#(MSObject=.,
<http://dbpedia.org/resource/Category:Electric_fish>

<http://www.apache.org/stanbol/cms#path> "/rdfmaptest/Electric fish"~"<http://www.w3.0rg/2001/XMLSchema#string=.,
<http://dbpedia.org/resource/Category:Electric_fish>

<http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type> <http://www.w3.0rg/2004/02/skos/core#Concept=. ,
<http://dbpedia.org/resource/Category:Electric_fish>

<http://www.w3.0rg/2004/02/skos/core#broader> <http://dbpedia.org/resource/Category:Electricity>.,
<http://dbpedia.org/resource/Category:Electric_fish>

<http://www.w3.0rg/2004/02/skos/core#broader> <http://dbpedia.org/resource/Category:Fish_sorted_by adaptation=.,
<http://dbpedia.org/resource/Category:Electric_fish=

<http://www.w3.0rg/2008/01/ rdf-schema#label> "Electric fish"@en.,
<http://dbpedia.org/resource/Category:Electric_fish>

<http://www.w3.0rg/2004/02/skos/core#narrower> <http://dbpedia.org/resource/Category:Strongly_electric_fish=.,
<http://dbpedia.org/resource/Category:Electric_fish=

<http://www.w3.0rg/2004/02/skos/core#narrower> <http://dbpedia.org/resource/Category:Weakly electric_fish=.,
<http://dbpedia.org/resource/Category:Electric_fish>

<http://www.w3.0rg/1999/02/22- rdf-syntax-ns#type> <http://www.apache.org/stanbol/cms#(MSObject>.,
<http://dbpedia.org/resource/Category:Electric_fish>

<http://www.apache.org/stanbol/cms#name> "Electric fish"~"<http://www.w3.0rg/2001/XMLSchema#string>.,
<http://dbpedia.org/resource/Category:Weakly_electric_fish>

<http://www.apache.org/stanbol/cms#parentRef> <http://dbpedia.org/resource/Category:Electric fish=.,
<http://dbpedia.org/resource/Category:Weakly electric_fish>

<http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type> <http://www.apache.org/stanbol/cms#(MSObject=.,
<http://dbpedia.org/resource/Category:Weakly electric fish>

<http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type> <http://www.w3.0rg/20084/02/skos/core#Concept>.,
<http://dbpedia.org/resource/Category:Weakly electric_fish=

<http://www.w3.0rg/2000/01/rdf-schema#label> "Weakly electric fish"@en.,
<http://dbpedia.org/resource/Category:Weakly electric fish=

<http://www.w3.0rg/2004/02/skos/core#broader> <http://dbpedia.org/resource/Category:Electric_fishs.,
<http://dbpedia.org/resource/Category:Weakly electric_fish=

<http://www.apache.org/stanbol/cms#name> "Weakly electric fish"~~<http://www.w3.0rg/2001/XMLSchema#string=.,
<http://dbpedia.org/resource/Category:Weakly electric fish=

<http://www.apache.org/stanbol/cms#path> "/rdfmaptest/Electric fish/Weakly electric fish"~"<http://www.w3.0rg/2001/XMLSchema#string=.]

Figure 4.5: Intermediate RDF represented with common terms

In this direction, this feature enables content managemstems to represent their content
repository structure in RDF format. This helps building s@ic services (e.g reasoning
facilities on top of the existing content management sysjemsing their RDF representa-
tions. Moreover, that representation can be used ifRétlated Keyword Seardbature of the

Contenthub. Therefore, it would be possible to navigatehendocuments, considering the

document hierarchy in the content repository.

This process is also a two-step process. In the first stepsttbeture of CMS is directly
transformed into an RDF. As a result, we would have CMS voleapannotated RDF. Based
on the configurations explained in the Table 4.1 additiomglets are added to the intermediate

result.

4.3.3 CMS Vocabulary

This vocabulary aims to provide a standardized mapping émtwcontent repositories and
RDF data. It includes a small number of terms which are useiagithe bidirectional map-
ping process. As well as general terms that are commonly fseloth JCR and CMIS

repositories, there are also JCR or CMIS specific terms bsifsi
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General Terms

e CMS_OBJECT: In a CMS vocabulary annotated RDF, if a resource has this BRI r
erence as value of its rdf:itype property, the subject ofibsdurce represents a content
repository item e.g a node in JCR compliant content repasf@r an object in CMIS

compliant content repositories.

¢ CMS_OBJECT_NAME: This URIreference represents the name of the content repos-

itory item.

e CMS_OBJECT_PATH: This URI reference represents the absolute path of thembnte

repository item.

e CMS_OBJECT_PARENT_REF: This URI reference represents the item to be cre-

ated as parent of the item having this property.

e CMS_OBJECT_HAS_URI: This URI reference represents the URI which is associ-

ated with the content repository item.

JCR Specific Properties

¢ JCR_PRIMARY_TYPE: This URI reference represents primary node of the content

repository item associated with the resource within the RDF

e JCR_MIXIN_TYPES: This URI reference represents the mixin type of the content

repository item associated with the resource within the RDF

CMIS Specific Properties

e CMIS BASE_TYPE_ID: This URI reference represents the base type of the content

repository item associated with the resource within the RDF
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CHAPTER 5

CASE STUDY IN HEALTHCARE DOMAIN

5.1 Preparation of Health Related Indexes

In the case study of our approach in healthcare domain, weifiseent health related datasets
for different purposes. Before explaining where those datasetsearg used, we explain

datasets themselves and how they become ready to be prdtgsges Stanbol.

The original source of the datasets that we use in the cadg &uhe National Center for

Biomedical Ontology (BioPortal) [92]. From this portal, wee the following datasets:

¢ SNOMED/CT[93]: This is a very comprehensive clinical healthcare termigplcon-

taining terms about diagnosis, clinical findings, bodyines, procedures, etc.

e RXNORM[94]: This dataset is about the generic and branded drugs and st taim
provide normalized names for those drugs. Also, it linksdhey names to commonly

used vocabularies in pharmacy management.

e Adverse Reaction Terminology (ART) [95]: This is a terminology aiming to provide
a basis for coding of adverse reaction terms. It provideg@hthical structure starting

from body systertorgan level for drug problems.

After transforming these datasets into RDF format, we haeslihe indexing component of
Entityhub to bundle these datasets a$edéent Solr indexes so that they can be used during
the enhancement and storage operations. In the AppendixuAsestion from the RxNorm

is seen.
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o CMS Adapter - Apache Stan... 95 LD Path - Apache Stanbol @ E SV VW (& Apache Felix Web Console-.. x
& localhost:3080/system/console/configh @9 Q

Apache Stanbol Enhancer Engine: Keyword Linking ®

An engine that extracts keywords present within a Controlled Vocabulary menticned within parsed Cententltem
Name fxdiorm
The name of the enhancement engine as used in the RESTful interface ‘/engine/<name>' (stanbal.enhancer.engine.name)
Referenced  rxNorm
Site The ID of the Entityhub Referenced Site holding the Controlled Vocabulary (e.g. a taxonomy or just a set of named entities) (org.apache.stanbol.enhancer.engines.keywordextraction.referencedSiteld)
Label Field  http;//puri. bioontolegy.org/entology/RXNORM/label
The field used to match Entities with a mentions within the parsed text. (org.apache.stanbal.enhancer.engines. keywordextraction.nameField)
Type Field rdfitype
The field used to retrieve the types of matched Entities. Values of that field are expected to be URIs (org.apache.stanbol.enhancer. engines. keywordextraction. typeField)

Redirect rdfs:seeAlso

Field Entities may define redirects to other Entities (e.g. "USA"(http://dbpedia.org/reseurce/USA) -> "United States"(http://dbpedia.org/resource/United_States). Values of this field are expected to link to
other entities part of the controlled vocabulary (org.apache.stanbol. enhancer.engines.keywordextraction. redirectField)

Redirect Ignare Redirects 1

Mode

Defines how to process redirects of Entities mentioned in the parsed content.. Three modes to deal with such links are supported: Ignore redirects; Add values from redirected Entities to extracted;
Follow Redirects and suggest the redirected Entity instead of the extracted. {org.apache.stanbol.enhancer.engines keywordextraction. redirectMode)
Min Token 3
Length The minimum length of Tokens used to lookup Entities within the Controlled Vocabulary. This parameter is ignored in case a POS (Part of Speech) tagger is available for the language of the parsed
content. (org.apache.stanbol.enhancer.engines. keywordextraction. minSearch TokenLength)
Suggestions 3
The maximal number of suggestions returned for a single mention. (org.apache.stanbol.enhancer.engines. keywordextraction. maxSuggestions)
Languages
Languages to process. An empty text indicates that all languages are processed. Use ',' as separator for languages (e.0. 'en,de’ to enhance only English and German texts).
(erg.apache.stanbel.enhancer.engines.keywordextraction. processedLanguages)
Default
Matching The language used in addition to the language detected for the analysed text to search for Entities. Typically this configuration is an empty string to search for labels without any language defined, but
Language  for some data sets (such as DBpedia.org) that add languages to any abels it might improve resuls to change this configuration (e.g. to 'en’ in the case of DBpedia.org).

(org.apache.stanbol.enhancer.engines ordextraction.defaultMatchingLanguage)
Dereference [
Entities

If enabled additional data for suggested Entities are included. (org.apache.stanbol.enhancer.engines. keywordextraction.dereference)
Ranking 0

If two enhancement engines with the same name are active the one with the higher ranking will be used to process parsed content items. (service.ranking)

Figure 5.1: Configuring a Keyword Linking Engine for RXNORMafaset

Indexing component of Entityhub produces a compressed [gigdntaining the Solr index
representing the RDF dataset and a jar file which providaaliagon of the Solr index to
the OSGi environment, where Stanbol runs, as an OSGi burtdighwean be used by various

components of Stanbol.

To be able recognize the named entities, which are relatddtivé health domain, from the
documents to be submitted, we need to configure the Enhanogpanent. This configu-
ration is done by assigning the Solr indexes created for &d2hR dataset with a separate
KeywordLinkingEngine [36]. In the Figure 5.1, configuratiof Keyword Linking Engine
associated with the RXNORM dataset is seen. By adding a neaneement engine for each
dataset, we make Stanbol Enhancer to look up for the entééised in the health related

datasets during the document enhancement process.

5.2 Semantic Indexing of Documents

As the actual content management system to be enhancedemidingic functionalities, we

have used the CRX product of Adobe [96]. CRX is a JCR comptiantent management sys-
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8} LD Path- Apache Stanbol
@ | # |localhost:8091/contenthub/Idpath

apache

* LD Path-Apache Stanbol

«

@ Y-

afye

e StanbOI The RESTful Semantic Engine

LD Path

Recently Submitted LD Programs

ProgramName

Submit a new LD Program

Give an LD Program Name and LD Path Program

Program Name:
|healecare

LD Path Program

snomed_finding site of
snamed_direct procedure site of
snamed_has_gsspicatad norpholagy
snoned_has_causative_agent
sngmed direct substance of

TAngrn_semantic_type = rxporn:
ranern_label

fenhancer  [contenthub  [factstore  fentityhub /rules  fonftonet /spargl  [cmsadapter

Web View  REST AP|

LD Path Program

= Un}s-skog: finding_site of :: ysd:string;

= Unls-skos:direct procedure site of :: xsd:string;
= Unls:5kos:has_associated morphology :: y5d:string;
= Un}s-skog:has_causative_agent :: ysg:string;

= unls:-skas:direct substance of :: ysg:string;

o0 ysdistring;

SNANEACTIRE
= rxnora: tabel @ ysd:string;

rxnar_dose form = Unls:skos:doseforn ¢ xsd:string;
ranorn,_trade_Name = unls-skos: fradeNans :: yad:string;

Figure 5.2: Submitting an LDPath program

tem. To simulate a content management environment workinigealth related documents,
first we populated the system with health related documesis@ diferent topics such as

cancer, diabetes, eye related diseases, etc.

The next step after populating the system with health reéldezuments is indexing the doc-
uments in a semantic way in the scope of Stanbol’s Contenthwiblo this, we create a Solr
index using the LDPath [74]. To be able create an index whidompatible with the external
datasets, we have analyzed the possible properties thi@d®of these datasets can have. Us-
ing those properties, we have created an LDPath and usiridXRath program we created a
Solr index through the semantic index management fundtt@saof Contenthub. In the Fig-
ure 5.2, the screen for LDPath submission is seen. The itdéxvas created with LDPath is
used to index the documents managed within the CRX. Thetheglited LDPath covering
the three dataset can be seen in the Appendix B. In Appendi d@oss-section from the
configuration of Solr index, which is the index created aft@omitting the LDPath program,
is seen. This part of the configurations indicates that eiaehih the LDPath program leads
to a field definition in the index. Each of these index definisi@re copied to thstanbolre-
served_text_alfield which is the field on which search is done. This meansithease of a

keyword search, the fields created based on the LDPath pnogilhalso be considered.
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&3 CMS Adapter - Apache Stan... @ LD Path - Apache Stanbol {_i Content Explorer - UseriD: a... 3

& | localhost:7402 ywser/index ~ @
@ Save A :E.’F Refresh Al @ Azversall ([ )» [ ] » gl versions » (G Mixins... [l security » @ RfH] workspace » 1] »
path [
=N -] | Name » Type

@ ) home |‘§ 2 rep:root

= & articles = :

= | home rep:AuthorizableFolder

= ) Diseases | & articles nt:unstructured

& Bacterial Infections and Mycoses
& virus Diseases
& Parasitic Diseases
= & Meoplasms
&% Musculoskeletal Diseases
% Digestive System Diseases

# Stomatognathic Diseases [}
= & Nervous System Diseases
= & Eye Diseases -
® [] Dry Eye Relief Node
&[] Vitrectomy s
# [2] Cataract Surgery oty ;
=& CAnBR I senses uuID N/A& (node not referenceable)
& Hemic and Lymphatic Diseases
& ) Nutritional and Metabolic Diseases Dt 9
& Endocrine System Diseases #-akchikd:notes =
& Immune System Diseases Is New false
= & Male Urogenital Diseases Is Modified false
= $ Pathological Conditions Signs and Symptoms Is Locked false
= & Treatments Is CheckedOut true
& % Green Tea
® & Zofran

Primary Node Type g repiroot
Mixin Node Types ‘@ repiAccessControllable
| | orderable Child Nodes true

Figure 5.3: CMS Structure

After creating the semantic index, we submit the documewts ICRX to Contenthub using
the CMS Adapter component. As in the Figure 5.3, the healdta@ articles are collected
under the root oérticlesnode. So, considering this structure we configure the CMStadla
during the document submission process accordingly asifrigure 5.4. As a result, all of

the documents under the articles path will be submittedetbir index named dwalthcare

During the document submission process, as soon as thentantiees in the Contenthub, be-
fore any indexing operation, it is sent to Stanbol Enhanodrits enhancements are obtained.
Appendix D shows a cross-section from the enhancements eélthhrelated document, it
shows theEntityAnnotationand TextAnnotatiortyped enhancements. The enhancements ob-
tained in RDF format are stored in a triple store abstractedache Clerezza. Enhance-
ments of all of the documents are collected in a single RDplgsd that a SPARQL query

can be executed considering all documents.

As soon as the content enhancement process is completetbn@arb realizes one last ad-
ditional semantic knowledge gathering. In this activitpn@enthub uses the named entities
recognized during the content enhancement process. lesexjadditional knowledge for
each named entity by querying the Entityhub with same LDPBetlgram which was used to
create the healthcare index. As a result, only relevantimétion of the entities for this use

case is obtained. Appendix E shows the additional inforonatibtained from the RxNorm
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|  cMs Adapter-ApacheStan... ¥ [EYREEGESEHTRE ] Content Explorer - UseriD: a...
& | localhost:308 3 rfconten eed @ Y- Ql .

Content object selectors

Path [articles

Recursive @'

The following index will be used to store content items or delete contents items from.

Select an index

Submit content items

This service enables submission of content repository objects to Contenthub.
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Content properties

Content properties content,skos:definition

Submit content ftem(s) to Contenthub

Figure 5.4: Submitting documents to Contenthub

dataset for the Aspirin 500 MG/ Caffeine 40 MG Oral Tableentity. Therefore, the addi-
tional information contains values regarding to the propsithat are defined for the RxNorm

dataset.

At the end of the indexing process, the healthcare indexchwvias created considering the
health specific properties, is filled with semantically megful information obtained from
external RDF datasets. The additional information obthfioe submitted documents will be

used to provide semantic search functionalities for theidents.

5.3 Semantic Search over the Documents

In our evaluation, by making use of the indexed content armMedge, we have applied

faceted search for the document retrieval in a semantioadigningful way.

First, we initiated the search process by doing a keywordcheaith the keyworddiabetes
to get all of the documents including the diabetes keyword aAresult we obtained the
results as depicted in the Figure 5.5. In addition to the dwmis results, on the left hand
side, facets matching the results are presented. Eachrésmedt has possible values together

with number of documents that match for the correspondirigevaf the facets. The facets
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Figure 5.5: Search results for the diabetes keyword

corresponds with the fields defined in the LDPath which wasl tisecreate the healthcare

index.
Facets related with all of the three datasets can be seea Fighre 5.6.

In the next step, we constrain the documents according tinfirelte of diseases. For this
operation, we use a field related with the SNOMED dataset. Disease entities within the
SNOMEDCT have a property nameas _finding_sitevhich indicates the finding site of a
disease within the body structure. We chooserteveA_structurezalue of this facet. The

meaning of this constraining operation is that remainirsgits, after choosing the facet value,
mention about the nerve structure of the body as finding stteealiabetes or any other related

disease mentioned in the documents.

In the second step of the faceted search, we would like thdurtonstrain the documents
according to a specific drug or medication. Conveniently,use a facet related with the
RXNORM dataset. We use thignorm_labelfacet to filter the results and choog®andia

value of this facet. As a result, we get the results depictatie Figure 5.7.

In the last step of the faceted search, search results astramed according to a specific
adverse reaction by using a facet related with the advessgioa terminology dataset. This

time, we choose thart_labelfacet and choose théeadachesalue. As a result, there remains
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only a single document satisfying the chosen facet comégrais seen in the Figure 5.8.

The remaining document in the search results is a diabdetedaelocument which mentions
about the nerve structure of the body as finding site of thbedé&s or any related disease;
Avandia as a specific drymedicament and Headache as an adverse reaction regarding th

Avandia or any related drug.

In this way, we have demonstrated a semantically meanifigiulof document filtering from
the health domain perspective: First a finding site reggreliith a disease, then a specific
drugmedicament for the disease and lastly an adverse reactowt tite chosen drug. In this
way, it is also possible to navigate on documents by follgvarditerent path while choosing

the facet constraints.
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CHAPTER 6

RELATED WORK

In this section, we give related studies with the work we @nésn this thesis. Consider-
ing the way of integration of several defacto and novel tetiies, our study dierentiates
from existing approaches. The study done in [1] describemagptete reference architecture
for content management systems with semantic capahilifibss is the overall architecture
covering our approach. Contenthub already lies in the ftersce” layer of this architec-
ture. Nevertheless, as an extension to this architectueeintioduce the CMS Adapter as
component interacting with JGEMIS compliant CMSes. This allows interacting with the

"Content" column of reference architecture of a semanticSQMpicted in the Figure 6.1.

Configurable semantic bridges to extract semantics of G&®RS compliant repositories into
an OWL model based ontology are described in the scope of ¢k @one in [7]. This ap-
proach proposes navigation of documents based on the étaasdhny of generated ontology
expressing the semantics of the CMS. However, the studyreessithat all terms to clas-
sify/categorize documents should be defined beforehand in aasegaerarchy within the
CMS. Also, this is a one-way approach which only providesaeting semantic information
from a CMS but not feed the CMS with semantically enrichedteon In our study, apart
from extracting semantics of a CMS we also update it withretieRDF data. Furthermore,
our approach proposes various document retrieval, seattwsing methods. As well
as providing ontology based navigation, our approach alssiders semantic annotations

during document retrival operations.

LMF [72] is a framework dfering storage and retrival functionalities for media cahté MF
supports annotation of media content using the Linked Opata Bnd storage of the anno-

tations along with the documents and publishes the storateeband its metadata in an
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Figure 6.1: Semantic Content Management System Referertatécture [1]

interlinked manner. Thanks to the Solr field definition laage (LDPath), LMF allows cre-
ation of dynamically adaptable indexes for specific use ase use this dynamic index
machinery as a base to storage and search capabilities téri@lonb. On top of that we pro-
pose more diverse document navigation features by meaptatéd keywords retrieved from
various sources such as WordNet, DBPedia or any externalogyt Besides, we provide
services which extract content together with its metadata JCRCMIS compliant content
repositories and manage them in our system to benefit fronars@rindexing and search

features.

The KAON framework which is built in the study [97] uses domaintologies to expand
original query terms. Once a query term is matched with a epihdefined in the domain
ontology, the query term is expanded based on the subcacgptonyms and associated
predicates of the initial concept. This approach carriesud@ents including more domain
specific keywords to the upper lines in the search resultsvader, without materialization of
additional metadata along with the original content, vetrof semantically related documents

is achieved upto a limited extent. The proposed flexibleximiginfrastructure overcomes the
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limitation of dependence to query term by storing semanttaatata together with the initial

content and considering this metadata durirffedént kinds of retrieval operations.

KIM [98] stores documents together with their annotationsl @rovides various ways to
obtain documents. It allows document retrieval based oranéained named entities within
documents and their attributes, even considering the ayychnd knowledge base used for
setting types of named entities and filling their attributékealthFinland [80] is a national
semantic publishing network and portal. In this systemuduoents are provided by various
content producers together with manually added annotatising the concepts defined in the
health domain ontologies. HealthFinland provides faceeaich by mapping ontology terms
to facets manually considering the target audience. Thesteras provide index structures
which is compatible with their annotation machinery, hoerave propose a framework which
is also able to generate custom indexes which are suitabsépézific needs of users anfier

various and expandible search features.

We have compared various functionalities provided by veripameworks that are relevant to
our study. As understood from the Table 6.1, there is no dtharework dfering a complete
set of services to enhance CMSes with semantic capabiliispecially, "Integration with

CMSes" and "Dynamic Index Creation" are the features djsighing the Stanbol from other

frameworks.

Table 6.1: Comparison of relevant frameworks with Stanbol
Named Integration | Domain Dynamic | Search Integration
Entity with  the | Specific Index Query with
Recogni- | LOD Enhance- | Creation Contextu- | CMSes
tion ments alizing

LMF X X X

KIM X X

HealthFinland | X X

KAON X

Stanbol X X X X X X
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CHAPTER 7

CONCLUSION

In this thesis, we have proposed a methodoloffgring semantic storage and retrieval ser-
vices to be exploited by the content management systemsnahécnot capable of managing
documents together with their semantic information. Theppsed approach has been real-
ized in two of the components of Apache Stanbol project, Whie the Contenthub and the

CMS Adapter, respectively.

The Contenthub is the component providing semantic staaagesearch. It uses Apache Solr
as the underlying framework. The Contenthub allows creaifeeemantic Solr indexes which
can be adapted for any specific use case by specifying the fielde created in the index
and configuring their properties using an RDF path languageely LDPath. Submitted
documents are enhanced via the Enhancer component of $taBhbancements include
detailed information about the named entities those coetain the document. Details of
the named entities are retrieved using the LDPath instamee the Linked Data cloud so
that they would be compliant with the custom semantic inddkof the additional, semantic

knowledge is stored along with the document.

The Contenthub providesftigrent kinds of search functionalities on the managed dontsne
using the additional knowledge. In addition to keyword sbaiit is possible to perform
search with structured queries. For instance, Solr indeaasbe directly queried using the
Solr Query syntax or SPARQL queries can be executed over Bie ggaph which keeps
the enhancements of all of the managed documents. The Glulbealso provides a related
keyword search service which retrieves related keywords frarious sources such as an
arbitrary ontology, Wordnet and DBPedia (and any other RBtaskt) for the given query

term.
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The CMS Adapter aims to ease the document management in titer@aub for JCRCMIS

compliant content repositories. It allows submission aektibn of documents, processing
their repository specific properties. Another capabiliffte CMS Adapter is the mapping
facility between the content repository data models andraat RDF data. Given any RDF
data, this feature makes it possible to update the documesiting in the content repository.
From the other direction, it provides the functionality epresenting the structure of the
content repository in RDF format so that actual structureonitent repository can be used in

the semantic operations of Contenthub.

In this study, we introduce a framework which makes use ofdtest developments in the in-
formation extraction, information retrieval and semamieb areas. The objective is to bring
different, stand-alone implementations together and addresemantic requirements of the
CMSes. In accordance with this purpose the Contenthub an8l Bd&pter provide an easy
way for the CMS developers to employ powerful semantic sesvinto their implementa-

tions.
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APPENDIX A

A CROSS-SECTION FROM THE RXNORM ONTOLOGY

<rdf:Description rdf:about=
"http://purl.bioontology.org/ontology/RXNORM/Ins_106075">
<umls-skos:UMLS_CUI>C0357752</umls-skos:UMLS_CUI>
<semanticType>Clinical Drug</semanticType>
<skos:altlabel>ALUMINUM ACETATE @ 13% @ DROPS</skos:altlabel>
<skos:altlabel>ALUMINUM ACETATE 13% DROPS</skos:altlabel>
<umls-skos:doseForm>0Otic Solution</umls-skos:doseForm>
<umls-skos:TUI>T200</umls-skos:TUI>
<label>aluminum acetate 130 MG/ML Otic Solution</label>
<skos:notation>106075</skos:notation>
<rdf:type rdf:resource=
"http://purl.bioontology.org/ontology/RXNORM/106075" />
</rdf:Description>
<rdf:Description rdf:about=
"http://purl.bioontology.org/ontology/RXNORM/Ins_1091144">
<umls-skos:UMLS_CUI>C2682501</umls-skos:UMLS_CUI>
<semanticType>Clinical Drug</semanticType>
<umls-skos:doseForm>Extended Release Capsule</umls-skos:doseForm>
<umls-skos:TUI>T200</umls-skos:TUI>
<label>
Methylphenidate Hydrochloride 10 MG Extended Release Capsule [Ritalin]
</label>
<skos:notation>1091144</skos:notation>

<rdf:type rdf:resource=
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"http://purl.bioontology.org/ontology/RXNORM/1091144" />
</rdf:Description>
<rdf:Description rdf:about=
"http://purl.bioontology.org/ontology/RXNORM/Ins_108382">
<umls-skos:UMLS_CUI>C0361046</umls-skos:UMLS_CUI>
<semanticType>Clinical Drug</semanticType>
<umls-skos:doseForm>Extended Release Tablet</umls-skos:doseForm>
<umls-skos:TUI>T200</umls-skos:TUI>
<label>
Aspirin 500 MG Extended Release Tablet [Anadin All-Night]
</label>
<skos:notation>108382</skos:notation>
<rdf:type rdf:resource=
"http://purl.bioontology.org/ontology/RXNORM/108382" />

</rdf:Description>
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APPENDIX B

LDPATH INSTANCE FOR HEALTHCARE DOMAIN

@prefix rdfs : <http://www.w3.0org/2000/01/rdf-schema#>;

@prefix umls-skos : <http://purl.bioontology.org/ontology/umls-skos/>;

@prefix rxnorm : <http://purl.bioontology.org/ontology/RXNORM/>;

@prefix snomed : <http://purl.bioontology.org/ontology/SNOMEDCT/>;

@prefix art : <http://purl.bioontology.org/ontology/WHO/>;

health_notation = skos:notation :: xsd:string;

umls_cui = umls-skos:UMLS_CUI :: xsd:string;

tui = umls-skos:TUI :: xsd:string;

snomed_semantic_type = snomed:semanticType :: xsd:string;
snomed_label = snomed:label :: xsd:string;

snomed_isa = umls-skos:isa :: xsd:string;

snomed_ctv3id = umls-skos:ctv3id :: xsd:string;

snomed_has_specimen_substance =

umls-skos:has_specimen_substance :: xsd:string;
snomed_has_specimen = umls-skos:has_specimen :: xsd:string;
snomed_causative_agent_of = umls-skos:causative_agent_of :: xsd
snomed_specimen_substance_of =

umls-skos:specimen_substance_of :: xsd:string;
snomed_has_component = umls-skos:has_component :: xsd:string;
snomed_active_ingredient_of =

umls-skos:active_ingredient_of :: xsd:string;

snomed_replaces = umls-skos:replaces :: xsd:string;
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snomed_replaced_by = umls-skos:replaced_by :: xsd:string;
snomed_has_finding_site = umls-skos:has_finding_site :: xsd:string;
snomed_indirect_procedure_of =

umls-skos:indirect_procedure_of :: xsd:string;
snomed_procedure_site_of = umls-skos:procedure_site_of :: xsd:string;
snomed_part_of = umls-skos:part_of :: xsd:string;
snomed_finding_site_of = umls-skos:finding_site_of :: xsd:string;
snomed_direct_procedure_site_of =

umls-skos:direct_procedure_site_of :: xsd:string;
snomed_has_assoicated_morphology =

umls-skos:has_associated_morphology :: xsd:string;
snomed_has_causative_agent =

umls-skos:has_causative_agent :: xsd:string;
snomed_direct_substance_of =

umls-skos:direct_substance_of :: xsd:string;

rxnorm_semantic_type = rxnorm:semanticType :: xsd:string;
rxnorm_label = rxnorm:label :: xsd:string;
rxnorm_dose_form = umls-skos:doseForm :: xsd:string;

rxnorm_trade_Name = umls-skos:tradeName :: xsd:string;

art_semantic_type = art:semanticType :: xsd:string;

art_label = art:label :: xsd:string;

art_rb = umls-skos:rb :: xsd:string;
art_rn = umls-skos:rn :: xsd:string;
art_par = umls-skos:par :: xsd:string;
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APPENDIX C

LDPATH RELATED CONFIGURATIONS OF SOLR INDEX

<schema>

<fields>

<field indexed="true" multiValued="true"
name="snomed_ctv3id" stored="true" type="string"/>
<field indexed="true" multiValued="true"
name="snomed_active_ingredient_of" stored="true" type="string"/>
<field indexed="true" multiValued="+true"
name="snomed_causative_agent_of" stored="true" type="string"/>
<field indexed="true" multiValued="true"
name="snomed_has_finding_site" stored="true" type="string"/>
<field indexed="true" multiValued="true"
name="art_par" stored="true" type="string"/>
<field indexed="true" multiValued="true"
name="snomed_has_component" stored="true" type="string"/>
<field indexed="true" multiValued="true"
name="rxnorm_label" stored="true" type="string"/>
<field indexed="true" multiValued="true"

name="snomed_has_specimen" stored="true" type="string"/>

</fields>
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<copyField dest="stanbolreserved_text_all"
<copyField dest="stanbolreserved_text_all"
source="snomed_active_ingredient_of"/>
<copyField dest="stanbolreserved_text_all"
source="snomed_causative_agent_of"/>
<copyField dest="stanbolreserved_text_all"
source="snomed_has_finding_site"/>
<copyField dest="stanbolreserved_text_all"
<copyField dest="stanbolreserved_text_all"
<copyField dest="stanbolreserved_text_all"

<copyField dest="stanbolreserved_text_all"

</schema>
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APPENDIX D

A CROSS-SECTION ENHANCEMENT OF A HEALTH
RELATED DOCUMENT

<rdf:Description rdf:about=
"urn:enhancement-d956c7ff-c193-4e95-3a42-477fbc8lec9f">

<rdf:type rdf:resource=
"http://fise.iks-project.eu/ontology/Enhancement" />

<rdf:type rdf:resource=
"http://fise.iks-project.eu/ontology/TextAnnotation" />

<j.10:extracted-from rdf:resource=
"urn:content-item-12fb1d64-c5f4-4e6£f-9£f63-d9cfc87a3fd2"/>

<j.7:created rdf:datatype="http://www.w3.0rg/2001/XMLSchema#dateTime">
2012-05-17T17:46:30.753Z

</j.7:created>

<j.7:creator rdf:datatype="http://www.w3.0org/2001/XMLSchema#string">
org.apache.stanbol.enhancer.engines.keywordextraction.engine.
KeywordLinkingEngine

</j.7:creator>

<j.10:start rdf:datatype=
"http://www.w3.0rg/2001/XMLSchema#integer'>3993</j.10:start>

<j.10:end rdf:datatype="http://www.w3.0org/2001/XMLSchema#integer">
4012

</j.10:end>

<j.1l0:selection-context xml:lang="en">)

Computed tomography (CT) scan Ultrasound Biopsy Surgery.
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</j.10:selection-context>
<j.1l0:selected-text xml:lang="en">scan Ultrasound</j.10:selected-text>
<j.10:confidence rdf:datatype="http://www.w3.0org/2001/XMLSchema#double">
0.722500040531159
</j.10:confidence>
</rdf:Description>
<rdf:Description rdf:about=
"urn:enhancement-3ff4502a-£622-9a21-67be-cdf8d7313e47">
<rdf:type rdf:resource="http://fise.iks-project.eu/ontology/Enhancement" />
<rdf:type rdf:resource=
"http://fise.iks-project.eu/ontology/EntityAnnotation" />
<j.10:extracted-from rdf:resource=
"urn:content-item-12fb1d64-c5f4-4e6f-9£63-d9cfc87a3£fd2" />
<j.7:created rdf:datatype="http://www.w3.0rg/2001/XMLSchema#dateTime">
2012-05-17T17:46:30.753Z
</j.7:created>
<j.7:creator rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">
org.apache.stanbol.enhancer.engines.keywordextraction.engine.
KeywordLinkingEngine
</j.7:creator>
<j.10:confidence rdf:datatype="http://www.w3.0org/2001/XMLSchema#double">
0.722500040531159
</j.10:confidence>
<j.7:relation rdf:resource=
"urn:enhancement-d956c7ff-c193-4e95-3a42-477fbc81lec9f" />
<j.10:entity-reference rdf:resource=
"http://purl.bioontology.org/ontology/SNOMEDCT/Ins_146511005"/>
<j.10:entity-label>Ultrasound scan</j.10:entity-label>
</rdf:Description>
<rdf:Description rdf:about=
"urn:enhancement-96846c41-6£28-5274-45d3-7d7b3745a620">
<rdf:type rdf:resource="http://fise.iks-project.eu/ontology/Enhancement" />

<rdf:type rdf:resource=
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"http://fise.iks-project.eu/ontology/TextAnnotation" />
<j.10:extracted-from rdf:resource=
"urn:content-item-12fb1d64-c5f4-4e6£f-9£f63-d9cfc87a3fd2"/>
<j.7:created rdf:datatype="http://www.w3.0rg/2001/XMLSchema#dateTime">
2012-05-17T17:46:26.063Z
</j.7:created>
<j.7:creator rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">
org.apache.stanbol.enhancer.engines.langid.LangIdEnhancementEngine
</j.7:creator>
<j.7:language>en</j.7:language>

</rdf:Description>
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APPENDIX E

DOMAIN SPECIFIC ENTITY PROPERTIES

"id": "http:\/\/purl.bioontology.org\/ontology\/RXNORM\/Ins_248628",
"rxnorm_semantic_type": [{
"type": "text",
"value": "Clinical Drug"
3,
"health_notation": [{
"type": "text",
"value": "248628"
3,
"umls_cui": [{
"type": "text",

"value": "C0790292"

H,
"tui": [{
"type": "text",
"value": "T200"
H,

"http:\/\/stanbol.apache.org\/ontology\/entityhub\/query#score": [{
"type": "value",
"xsd:datatype": "xsd:double",
"value": 1

H,

"rxnorm_dose_form": [{
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"type": "text",

"value": "Oral Tablet"
H,
"rxnorm_label": [{

"type": "text",

"value": "Aspirin 500 MG \/ Caffeine 40 MG Oral Tablet"
}
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