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Abstract

Destination Management Organizations (DMOs) craatécollect valuable data in the tourism
sector, which usually is kept in isolated data s#poies. Linked Open Data (LOD), which
combines the Open Data movement and the Linked iDdiative, adds semantic annotations
and links to external data, allowing DMOs not omigtting their data free from isolated
repositories, but also placing them in multiple teoits by pairing them with different LOD sets
worldwide. However, the lack of clear methodologigsblication examples and tools focused
on DMOs has been reflected on a scarcity of aviailakamples of tourism LOD published by
DMOs. This paper presents a methodology for thdigatipn of tourism LOD for small and
medium size DMOs, which has been implemented u€ipgn Source tools. An example of
publishing a multilingual dataset of Points of hetet (POIs) is provided as well as a mobile
application based on the data.
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1 Introduction

Destination Management Organizations (DMO) are gnihe largest creators and
collectors of data in the tourism sector. Such rimition is usually kept in closed
legacy systems and isolated repositories (data)silwhere it is difficult to find,
access, combine and reuse. However, there areaatiffapproaches to turn tourism
information that has been created and used onlynfernal purposes into valuable
and informative datasets.

The Open Data (OD) philosophy is based on the géndea that data should be
open, which means that “anyone is free to usegeteusd redistribute it, subject only,
at most, to the requirements to attribute and/areslalike” ppendefinition.orgJuly
25, 2014]). The publication of updated and relia® by DMOs opens new
possibilities, such as the reduction of the devalept costs of applications (mobile
guides, websites) on top of the data, or the prawiof innovative added-value
services which combine multiple data sources. Afurdther step, the semantic
annotation and linking of OD to other data undez thinked Open Data (LOD)
initiative will allow DMOs to improve their publi¢en initiatives. Not only will they
be able to promote the access to the data, butthésowill pair themselves with
different LOD sets worldwide.

Generally speaking, a limited number of anecdotalaskets are used to provide
examples of tourism LOD, as the publication procéss not happened in a
standardised way in most of the cases.



Despite the current availability of a fragmentetl gfetools to support Linked Data
efforts, the lack of integrated Linked (Open) Datansformation and publication
frameworks is still a barrier for DMOs, which dendasolutions that could operate
under their scale, heterogeneity and data quahtydards.

To address some of these critical issues, thisrpamposes a methodology for the
publication of LOD based on Open Source tools myainiented to small and medium
size DMOs. The methodology has been validated dutie LOD publication of
several Points of Interest (POIs) from a local DM@jich have been reused in the
implementation of a mobile application.

This paper has been organised as follows. Sectievi2ws the state of the art of
LOD and its application to the tourism domain. 8ett3 describes the proposed
methodology and its implementation based on Opemcgatools. Section 4 presents
an example of the publication of tourism LOD, andhabile prototype reusing the
data. Finally, Section 5 summarises the conclusamksproposes some future work.

2 Stateof theart
2.1 Linked Open Data (LOD)

On the one hand, the availability of Open Data (®B3 grown significantly, with
pressure being placed on all kinds of public orgations to release their raw data.
Although OD is often crucial for the developmentmfblic policy, it can also be
valuable for other domains such as tourism. Thisaech will follow the definition of
OD provided by Janssen, Charalabidis and Zuider{&ijid2) who defined Open Data
as “non-privacy-restricted and non-confidentialadathich is produced with public
money and is made available without any restristion its usage or distribution.
Data can be provided by public and private orgditna, as the essence is that the
data is funded by public money”.

On the other hand, Linked Data (LD) refers to “datdblished on the Web in such a
way that it is machine-readable, its meaning idieitly defined, it is linked to other
external datasets, and it can in turn be linkefildm external datasets” (Bizer, Heath
and Berners-Lee, 2009). LD identifies resourcesh winhique Uniform Resource
Identifiers (URIs) references, which can be deexfeed over the HTTP protocol into
data that describes the resource.

The combination of the OD movement and the LD atiiie creates a powerful option
for data organizations and knowledge distributibimked Open Data (LOD) is the
method of publishing structured data (e.g., RDF,Xthat can be interlinked among
different websites enabling data integration andrgng (Bizer, Heath and Berners-
Lee, 2009). LOD is freely available to access, doad, and use.

Tim Berners-Lee Www.w3.org/Designissues/LinkedData.htnfuly 20, 2014])

envisioned a five-star model that has been widalgepted as a framework for
evaluating OD and LOD projects: data distributed am open license (1-star);
distributed as machine-readable, structured datataf; distributed in a non-
proprietary format (3-star); data identified withigue URIs references (4-star); and




data linked to other people's data (5-star). Thigjeget will target the 5-star
publication model.

2.2 Publishing Linked Open Data

Berners-Lee Www.w3.org/Designissues/LinkedData.htfdluly 20, 2014]) outlined
back in 2006 a set of rules for publishing datal@Web in a way that all published
data could become part of a single global dataespabis data is expressed in the
semantic language RDF (Resource Description Frami@wa World Wide Web
Consortium (W3C) data model specification based naaking statements about
resources in the form of subject-predicate-objeqtressions, called triples. RDF is
based on ontologies and vocabularies to model thia. dOntologies are “the
specification of conceptualizations, used to helwgpams and humans share
knowledge” (Gruber, 1993).

Publishing a dataset as Linked Data on the Weblegothe following three basic
steps (Bizer, Heath and Berners-Lee, 2009): (ilgasdRls to the entities described
by the dataset and dereference these URIs overHHEP protocol into RDF
representations; (ii) set RDF links to other datarses on the Web, so that clients can
navigate the Web of Data as a whole by following RRIhks; and (iii) provide
metadata about published data, so that clientaceess the quality of published data
and choose between different means of access.

A crucial step in the publication process is thawaysion of information datasets,
stored in relational databases or structured dontsrte RDF datasets. This process,
known as triplification, relies on deciding the wafyrepresenting database schemas
or document concepts to an RDF vocabulary to bd asehe basis for generating the
RDF triples (Salast al, 2011).

Futhermore, De Fariat al. (2011) have identified three steps within the basnked
Data publication process. The first step includes determination and creation of
vocabularies and ontologies which model the dataetpublished. In order to reduce
the effort involved in the consumption and integnat of the published linked
datasets, it is crucial to maximise the reuse asehsion of existing vocabularies and
ontologies before proposing customised ones (Salas, 2011). Secondly, after the
original data has been converted to RDF, the entiti the dataset are linked either to
entities in external datasets published by the samgeanization or to LOD published
by a different organization, such as DBPedia (Béteal, 2009).

Thirdly, the dataset is made available on the Webthree forms: (i) through
dereferenceable URIs (where an RDF document isrmedu when an URI is
dereferenced through an URI HTTP request); (iijptigh a SPARQL endpoint (a
SPARQL query interface, which can be considerebleitsg to RDF what SQL is to a
relational database, for the RDF dataset whichx@osed on the Web); and (iii)
through RDF data dumps (files containing the RDipldés of the dataset). The
published datasets should be made discoverablehenWeb by providing the
appropriate high-level dataset and search engiserigéors.

Based on the previous general steps, researcheve ppaoposed different
methodologies to publish LOD for a variety of donsi Although most of the
examples are focused on Public Administrations anopose methodologies to



publish Linked Open Government Data (LOGD), somehef examples are focused
on generic data sources (Augtral., 2011; Kaschesky and Selmi, 2013) and others
cover diverse data sources, such as georeferendestatistical information (Consoli
et al, 2014), meteorological information (Villazon-Tezeset al, 2011), and even
data about research projects (De Faira Cordairal, 2011) and the performance of
Internet links (Souzat al, 2014).

Finally, the W3C Government Linked Data Working Gpohas proposed a series of
best practices to publish also LOD (www.w3.org/TBRIZ/NOTE-Id-bp-20140109
[July 10, 2014]) based on ten general steps. Théadelogy proposed in this paper
is based on these steps, adapting them to smalhedium size DMOs. Although
previous examples could serve as guidelines for BM@e differences among
properties of source data and requirements betwd@mains require specific
methodologies and examples for tourism LOD.

2.3 Linked Open Data for Destination M anagement Organizations

LOD can extensively benefit the tourism domain.sty it provides syntactic

interoperability enabling a common infrastructue ghare tourism data and to
facilitate the consumption of these datasets bpnmediaries (agents that handle
information between providers and consumers) inehapplications. Secondly, links
established between datasets can augment datasaouith additional knowledge.

Tourism Open Data examples are not difficult todfifFor example, the Basque
Government published a downloadable file of Poiofsinterest (POIs) in five
languages in 2010 (opendata.euskadi.net [July AD4]2 which is annually updated.
However, the publication of tourism LOD is still mby related to initiatives led by
research institutions. For instance, Larrinagal. (2013) describe a use case of the
application of LOD in the tourism sector. Data teth to destinations,
accommodations and restaurants has been gatheraddpen Data Euskadi and has
been enriched with user reviews from social netwoBacciuet al. (2014) also have
transformed Open Data provided by the DMO aboubmitoodations in Tuscany to
LOD. In these examples, researchers have direatlylighed LOD without the
intervention of the DMO. Generally speaking, the twain data categories published
are related to statistical data and POls of thérmsson.

Focusing on LOD available at repositories from DM@sthors have found few
examples of tourism LOD with active URIs: Zaragozg5-star)
(www.zaragoza.es/ciudad/risp [July 10, 2014]) aradidhal Parks of Oklahoma (4-
star), (data.ok.gov [July 10, 2014]). Some initia§ have published tourism LOD, but
do not have active URIs to be linked from other adats as Barcelona
(opendata.bcn.cat [July 10, 2014]), Italyww.linkedopendata.ifJuly 10, 2014]) or
statistical data of Serbia (elpo.stat.gov.rs [dilly2014]).

Furthermore, the TourMIS project contains informatabout the arrivals, bed nights
and capacity tourism indicators, recorded from 198ftwards, about over 150
European cities and in connection to 19 major mark8abouet al, 2012). The
project combines this data with data from otherrses (Eurostat, UNWTO) to
support decision-making scenarios on the tourismaio, establishing links between
DBpedia resources and corresponding destinations.



The lack of appropriate methodologies, publicagaamples and tools for small and
medium size DMOs can be due to the lack of besttizes of tourism LOD published
by DMOs. This paper details a methodology with toeresponding Open Source
software tools targeting these DMOs to increasattaability of tourism LOD.

3 Methodology for publishing Linked Open Data

The proposed methodology aims at supporting snmallraedium size DMOs on the

publication of 5-star tourism LOD, covering all thieps related to the transformation
and triplification process from source files, ame finking of annotated triples to

other datasets and their publication. The methapois based on a set of well-known
Open Source tools available for the publicationL@D to maximise the reuse of

existing tools.

Before starting the publishing process, several-tachnical and technical issues
related to the data should be defined. Regardiegntin-technical issues, the first
decision is related to the selection and categtivizaof the data that will be
published. Ideally, the dataset should be selectethe basis of its higher potential
value for infomediaries and final users of the d#&marthermore, it is important to
specify the type of license in which data will bebpished. Recommended licenses
are the ones proposed by Open Data Commons (opeodanons.org [July 10,
20147)), which have been designed to specificaltklathe legal issues related to OD.
The technical decisions are mainly related to theect design of the URIs that will
identify the data. When data should be availablmdne than one language, technical
decisions also include the selection of a multilialgdata publication pattern (Gracia
et al.,2012).

The publication process consists of three mainsstee-processing, triplification and
publication. First, the data pre-processing stegesponsible for extracting, cleaning
and normalizing data from structured sources inadety of data formats (CSV,

JSON, Excel files). Although data should be norssli and properly stored, initial
trials have shown that data may present inconsigsnand lack a standardised
format. Thus, original data should be transformet ia source of structured and
coherent data, typically a CSV file.

Several transformations could be applied at thep,sincluding the definition of a
coherent format for strings and numbers (i.e. tede@ numbers with and without
international prefix, decimal numbers separated doymmas); the format for

multilingual values (i.e. Bilbao, Bilbo, Bilbo — Bio, Bilbao — Bilbo, Bilbao /

Bilbo); the correct storage of some values thatdcbe doubled (i.e. two values in the
telephone number field); and the detection of ermrnon-existing values.

The LOD Refine software is proposed to performttaesformations required at this
step. This programme extends Open Refine, whicthearpnsidered as a spreadsheet
application that allows transforming data from aurse file (CSV, JSON, Excel
files...) based on formulas expressed on GREL (@oodgefine Expression
Language). The resulting file can be exported tewa file (CSV, RDF, Excel file,...)
and all the transformations that have been appbedbe stored in a JSON file.



Once initialised, the application of these transfations to new source files with the
same structure or new versions of the same soilecis fan automatic process which
only requires selecting the stored JSON file.

Secondly, the triplification step is the core o thublication process, as during this
step, the properties and entities are created.eezpd in triples, identified by URIs

and semantically annotated with an ontology or@balary. This step transforms the
data obtained in the previous step into a RDFciiletaining semantic annotations and
links.

This step begins with an analysis of the domaithefdata to find related ontologies,
vocabularies and linkable LOD. There are sevenmalism ontologies which focus on
supporting tourist-centric applications. For exam@DALL-ME provides a model to
describe tourism destinations, sites, events alsasdtansportation (Oet al, 2008).
The Harmonise ontology focuses on tourism eventsaamecommodation types (Fodor
and Werthner, 2005), while the Hi-Touch ontologyd®is tourism destinations and
their associated documentations (Mondeca, 2004jeM@r, general ontologies such
as vCard or even DBpedia have also been propospdhicsh tourism data as LOD
(Bacciuet al, 2011). If existing ontologies are not fully amalble to the data, new
ontologies and vocabularies should be designedguaim ontology editor such as
Protégé, the most popular Open Source editor.

Once the ontology has been defined, the triplifizatprocess starts. The process
transforms (or generates) data in RDF triples farimarder to instantiate individuals
based on defined ontologies. Finally, the linkingbgess expresses the relation
between items of the source dataset and itemsrdfplarty datasets.

The LOD Refine programme also includes tools tplifsi and link data, generating

RDF files from source files. First, external LODu¢b as DBpedia) can be directly
linked from external data sources in a process knaw reconciliation. Then, RDF

skeletons are generated defining the semantic atimas and the links to external
LOD. Finally, triplified data is automatically exgied as a RDF file. Once again, the
whole process can be stored in a JSON file, whahlee applied straightforward to
new source files with the same structure or newives of the source file.

The final step consists of the publication of tteagd both as LOD and Open Data.
Firstly, the previous RDF is published on a trigore, a semantic server that
provides access to LOD resources directly through WRIs, or at a SPARQL
endpoint. Published resources are identified witigque URIs. These URIs will return
information about the resources and could be linkgdother datasets. The latter
allows running SPARQL queries.

There are many triple stores that provide basicsiltgilar functionalities, although
they differ in the query processing time and efd@ures. The Open Source version
of Virtuoso has been selected as it fulfils the estpd requirements from small
DMOs. Virtuoso has been successfully implementediffgrent LOD initiatives such
as the Spanish LOD repository (datos.gob.es [JOly2D14]) and other research
examples (Aueet al, 2011; Souzat al, 2014).

Secondly, within the publication step, a dataseréated at the Open Data repository
of the DMO and described with metadata adherinthéoData Catalog Vocabulary



(DCAT), a RDF vocabulary recommended by the W3@escribe OD catalogues.
Then, the resources of the dataset are uploadedeTiesources are composed by the
published data on different formats: the transfar@syV file, the RDF file, the URL

of the SPARQL endpoint, and optionally any relatedource (for example, a PDF
containing a report based on the data).

Following the Open Source approach, the DKAN opetadplatform has been
selected as the OD repository for DMOs. DKAN hasimple user interface to
manage the datasets, including the addition of dagéa the upload of resources, and
the update of information. Moreover, it also allaWwisd parties to look for and access
data externally through an HTTP Application Prognasing Interface (API) called
Datastore API, as well as to visualise and filter tata. Finally, DKAN is based on
Drupal, a popular PHP Content Management SystemS)Ckhaking its deployment,
customization and maintenance by DMOs easier.

Table 1 summarises the steps of the publicatiorhodeiogy and its tasks, and the
software tools proposed for each step.

Table 1. Summary of the methodology

Step Task Tool
Select data -
) ) Select the license to publish the data -
Configuration )
Design the URI scheme -
Select a multilingual data publication pattern -
Preprocessing Clean and normalise the data LOD Refine
Select existing ontologies, vocabularies and LOD -
Define new ontologies and vocabularies (if required Protégé
Triplification o .
Triplification LOD Refine
Link to external LOD LOD Refine
Upload the RDF file to a triple store Virtuoso
Publication Create the dataset and add metadata DKAN
Upload the resources of the datasets DKAN

4 Application toasmall DMO

The proposed methodology has been validated bypthsication of LOD about
different POIs of a small destination. Furthermoaemobile prototype has been
implemented as an example of added-value data.reuse

4.1 Publishing Linked Open Data

The configuration step involved meetings with thel® to decide the technical and
non-technical issues related to the data.



For this first prototype, a subset of 143 POls lakée at the regional DMO Website
(ww.urolaturismo.net/en [July 10, 2014]) in fountiages (Basque, Spanish, English
and French) and clustered in five categories (uveatds, accommodations, visitor
centres, museums and monuments) has been selSotade data has been provided
as a set of CSV files generated by the CMS of thebsMe (Joomla). For each
language, the following information was availabler feach of the POIls: name,
description, category, city, address, telephonefsjpil address, and Web page.

After analysing the alternatives, the Open Data @oms Public Domain Dedication
and License (PDDL) was selected, as it has no reqpaints on attribution (include
mentions to the source of data) or share-alikef(ltee license of the original data) on
data derived from the source data.

Regarding the technical decisions, the URI of tlesources was designed as
BASE_URL/data/tourism/identifiein order to reflect the fact that resources were
related to tourism. Each URI identifies one POtluding the information about the
POI in all the languages. As POls were availabléour languages, a multilingual
design pattern was defined including the Basqueenamthe POls as descriptive
URIs, and using labels for multilingual informatidields such as descriptions. The
only non-ASCII Basque character is the letti&, that was decided to be replaced by
the combination “in” for URIs. It was also decidé&a replace blank spaces by * ’
characters for URIs.

In order to transform data in the pre-processieg,sthree types of transformations
were applied, exporting the resulting CSV to a fligav First, names of the POls were
in uppercase, so they were transformed to title,cas. from ERREXIL to Errexil.
Secondly, international prefix was added to telegghoumbers and the blank spaces
between numbers were removed. Thirdly, secondargilmmumbers existing only
for some POls were stored in a new column.

During the triplification step of the data, tourigelated ontologies and vocabularies
were analysed (QALL-ME, Hi-Touch, Harmonise). Fertinore, there is an ongoing
effort by the AENOR's Technical Standardisation @uttee on Intelligent Cities
AEN/CTN 178 in Spain to generate a norm about Opata. Thus, the section about
LOD of the preliminary version of the norm was a#smlysed. Based on the limited
amount of basic information available for each R, general ontologies vCard and
Dublin Core were selected to model the data. Retlatésting LOD instances were
identified for the location (Geonames and DBpediajl category (DBpedia) fields,
generating links to the corresponding instancedsR@re triplified as shown in Fig.
1.

Within the publication step, the exported RDF filas uploaded to Virtuoso to load
the triples; activate the URIs of the POls; andvjate a SPARQL endpoint for the

dataset. The URI of the previous POI is
http://212.81.220.68:8385/data/tourism/isidro#this



<hetp: /F213.61 dh gR: 8385 /data/courimm/izidrodthis>
a wvcard:Organization ;
veard:fn "Laides™
veard:iads [
a voard:Address
vcacrd:street-address
veard:locality *
woagd:country-name “E
vcard:region ®

-
wcard:oel *
dcsissued "
dc:description "QOrds gl | 0 Zallar Lbxits . "Bens,
In fes,
"fen,

1a . ry
de:spacial <hrtps/fows . gednanss . org/ 6359108 ¢
detsubject <hreps/San. il OEgSil SCATEgerY I AEREAUTARTES ]
veard:catsgary "R pntfeus, " | BEn,
"Mang Bakcipia™@fr, "Co Beg
de:isPArtOf <hoep: /S dbpedis.grg/ resource/REEaliia> .

Fig. 1. RDF of a POI (Isidro restaurant) located in Azkoitia

Finally, a new datasedescribed with DCAT metadatdicense, authormodified
date...) was created on the de¢ repository which is available &
http://opendataazkoitia.gobernuirekia.nwu/dataset/urola-turismo Resourcs were
attached to thelataset Fig. 2): a CSV file with POls in four languagéBasque,
Spanish, English and Frenc a RDF file; a BF brochure of a tourism map of t
area;and a link to the SPARQL endpo

Data and Resources

* Urola Tourism Explors Duts
? Urola Tourism Exploss Dete
% Urola Teurism Explore Data

Dataset info

Field Value

Fig. 2. Publication of resources about POls.



4.2 Mobile application asan added value for reusing LOD

As a proof ofconcept of the possibilities relatto LOD, a HTML5mobile prototype
describingPOls of the DM( has been implemented (Fig. 3). Timtotype shows
list of the POIs and presss details about each of them, including links to tier
information about the location of the POls from Games and DBped

Back Isidro

description Opening Hours. Weekdays: from
10:30 onwards. Weekends: from
11:30 onwards. Monday closed

telephone (+34)943852003

street Aingeru Kalea, 16
city Azkoitia

about the See map
location

located in See more

Fig. 3. Example of reusing the POls.

The proposed software stack alloaccessinglata through different chann (direct
download, SPARQL API and Datastore J). Developers can directly download 1
dataset from the repository and importo their application. It is also possible
launchSPARQL queriewsing the HTTP API of the Virtuoso SPARQL endpcn
real-time from themobile application to access only the data that satis$iesie
filtering conditions. Finally, the Datastore APl BKAN offers rea-time access t
the resources of thiatase through a regular HTTP REST API.

In order to validate the flexibility of the propaksoftware stack, three versions of
mobile application have been developed. Althougtheaersion presents the sa
interface and functionality, each one esses data through a different channel (di
download, SPARQL API and Datastore Al

5 Conclusions and further work

The publicationof LOD datasets by DMOs openmgew possibilities such as tl
reduction of the development costs of applicatignsbile guidss, websites) on top «
the data, or the provision of innovative ad-value services which combine multig
datasources. However, the lack of integrated LOD trammsftion and publicatio
methodologiesbest practic examples or tools focused on the tearidomain is stil
a barrier forsmall and mediurDMOs.



This paper has presented a methodology for smdlihaadium size DMOs to publish
5-star tourism LOD. The methodology proposes atiainconfiguration phase and
three steps: pre-processing, triplification and ligaltion of data. The methodology
has been implemented based on existing Open Stoote Protégé to define new
ontologies and vocabularies; LOD Refine to procegdify and link data; Open Link

Virtuoso to publish RDF files at SPARQL endpoirdsd DKAN to publish OD in a

data repository.

Data about POIs from the Web page of a small DM@nfiGipuzkoa (Spain) have
been used as an example to validate the methodoldgseover, three variants of a
mobile application accessing data through threfemint channels (direct download,
SPARQL queries and REST API) have been developed ahowcase of the
advantages of LOD publication for DMOs.

The methodology is currently being implemented I tDMO. Although the
integration of the publication process of touris@. on the workflow of the DMO
has already started, the publication of officialadats by the DMO has been planned
to the first quarter of 2015. Thus, results of traidation of the impact of the
methodology on the publication and consumptioroafism LOD are expected by the
end of 2015.

Future work will tackle the publication of statesl data about tourism indicators
(arrivals, occupancy rates...), as it has beemdjrasked by the DMO. Although the
methodology can cope with this change, the RDF [@aihe Vocabulary must be
applied in order to model statistical data and $taflish guidelines to manage
historical data updated periodically such as thathig arrival of tourists.

Moreover, new software tools should be added tdigluldlata stored at relational
databases as LOD, as the Open Source version tio¥o does not connect to
relational databases. Successful initial tests heen done with D2RQ, a triple store
for this type of data. Finally, once the AEN/CTN1@A8rm may be published, its
recommendations and best practices for ontologiesabularies and generation of
LOD links will be integrated in the methodologylie compliant with the norm.
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