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Abstract — This paper presents a large domain ontology forhe Romanian tourism. The ontology was
developed in the KRSS syntax in a modular way. Afteintroducing the core ontology, we detail various
models that encapsulate knowledge on: accommodatidypes and their facilities, touristic activities,points of
interest or eating and drinking resorts. For populaing the ontology various sources were used: Fourgsare,
Open Street Map or the Open Linked Data for Romania The ontology was validated against a set of
competency questions formalized in nRQL.

I. INTRODUCTION

The ontology was developed in RacerPro (Renamé
ABox and Concept Expression Reasoner Professional)
knowledge representation and reasoning systemr2Zjur
view, RacerPro and the corresponding Knowledg
Representation System Specification (KRSS) syntax f
Description Logic axioms are powerful technical
instrumentation that support ontology engineerimgnibd
the basic capabilities provided by GUI-based omplo
editors. Specifically, the KRSS syntax facilitathe speed
of writing axioms, while RacerPro provides a wids of
primitives to introduce concepts, roles, constgint
debugging axioms and query the knowledge base.

8Iati0nrI e Al x Al . The last column of Table | shows

tge extension of for non-atomic concepts.

An ontology consists of terminologies (or TBoxesda
assertions (or ABoxes). A terminologdBoxis a finite set
of terminological axioms of the formequiv C D) or
(implies C D). An assertional boXABox is a finite set of
concept assertionfngtancea C) or role assertiongélated
a b ), whereC designates a concepta role, anda andb
are two individuals. Usually, the uniqgue name agstion
holds within the sam@&Box A conceptC is satisfied if

[I. DESCRIPTION LOGIC IN KRSS SYNTAX
In the description logi&LC, concepts are built using the
set of constructors formed by negation, conjunction

disjunction, value restriction, and existentialtrietion [1], D subsumes the conce@t represented byriplies C D) if
as shown in Table I. Her&; and D represent concept

descriptions, whiler is a role name. The semantics is
defined based on an interpretatior= (A' 1 ), where the c! cp! for all interpretationd. Constraints on concepts
domainAl of 1 contains a non-empty set of individuals,

and the interpretation functioh maps each concept namei.e. disjoint) or on roles gomain range of a role,inverse
roles, ortransitive properties) can be specified in more
expressive description logfcs

there exists an interpretatidrsuch thaCl#g. The concept

Cto a set of individual€! €Al and each roleto a binary
TABLE |I. KRSSSYNTAX AND SEMANTICS OFALC.

Constructor Syntax Semantics
negation (not © Alhcl

conjunction (and C D) c! np!
disjunction (or C D)

This work was supported by the Romania-Moldova tBild Agreement c! vo!

entitled "ASDEC: Structural Argumentation for Ddois Support with

Normative Constraints”, and by the PN-II Innovatidhecks Programme

UEFSCDI Romania for supporting innovation in smaitid medium

enterprises, through the project "LELA - CollaboratRecommendation

System in the Tourism Domain Using Semantic Webhmetogies and 2 We provide only some basic terminologies of degiom logics in

Text Analysis in Romanian Language”. A. Groza ipmarted by the this paper to make it self-contained. For a dedad&planation about

UTCN through the internal research project GREENNEA'S. families of description logics, the reader is refdrto [1].
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existential (some r Q) I method, is presented in
L X EAY|F  (Xy) € ! . .
restriction t | Assume that the following terms and their synonyms
I cl were specifiedcruise (sail), mountain (mount), monument
Ay €Cl) (memorial), museum, traveling, camping (tenting,
encampment), hiking (tramp)Given a repository of
value (all r Q xeally: xy) e tourism ontologies (like swoogle.com), the domain
restriction ' Y .
coverage computed for each ontology against theveabo
| | search terms is depicted in Table Ill. The ontasgiith
r -y eCc'} . .
the highest score were analyzed for possible reafse
various concepts and roles.
individual (instance a C
assertion
{ayec! V. ENGINEERING THE ONTOLOGY
To develop the tourism ontology, we follow the
role assertion] (related a b r) methodology in [3] and we also enact various omplo
| ol | design patterns [4]. The ontology is a modular one,
@.bl)er consisting of a core formalization and T-boxes for
modeling various aspects in the tourism domain.

The process of engineering the ontology has stdryed
a) specifying use cases of the ontology, b) defir@rset of hasAccommodation

REUSING RELATED ONTOLOGIES

A. Core ontology

Fig.1 illustrates the main four classes of R@manian
tourism ontology AccommodationPOl, Gastrg Activity)
and the main relationship between thehasActivity
hasEatingAndDrinking and

competency questions, and c) analyzing the existingasPointOfinteresfThe spatial location is attached through
ontologies for possible reuse.

the hasLocationrole between the four concepts and the

a) Use casesThe mainuse caseof the ontology is to Locationconcept.

create a guide application for young tourists wigitCluj-

Napoca. A usage scenario would dany young tourists
will visit Cluj-Napoca, the Youth European Capital

2015. With an expected average stay of 4 days, ey
to see as much and variate as possible”

DOMAIN.

TABLE Ill. DOMAIN COVERAGE FOR17 ONTOLOGIES IN THE TOURISM

b) Competency question& solution to narrow the scope

Ontology 1d

Ontology URI

Domam Coverage

of an ontology is to start by defining a list admpetency [

http://rewerse net/A 1/otn/QOTN owl

0.2857

http://harmonisa um-klu ac.at/ontology/skeleton.owl

0.0

guestions(CQs) [3]. CQs are questions that an ontologf=

http:/fwrww info ugam ca/Members/valtchev_p/mbox/ETP-
tourism owl

0.1429

104
should be able to answer in order to satisfy ussesa —

http://harmonisa uni-klu ac at/'ontology/moland. owl

01429

Thereby, CQs represent initial requirements ang ten [

http://fivo.cyf-
kr edu pl/ontologies/test VOTours/ TravelOntology owl

0.1429

be used to validate the ontology. Having the roleao [

http://cvr.umge.ch/isi’'onto/2010/urba-en.owl

0.5714

requirement, each CQs are written in natural lagguaee |

http://en.openei.org/wiki/Special ExporiRDF/South_Africa Depart
ment of Environment Affairs and Tounsm

0.0

Table Il). For the validation task, the CQs arerfalized in |09

http://en.openei.orgiwiki/'Special:ExportRDF/Climate_Change_Ada
ptatton and Mitigation m the Tounsm Sector

0.0

nRQL (new Racer Query Language) [2]. 1

http://jxml2 owl projects. semwebcentral org/sample tourism. owl

0.0

http://iri. columbia.edu/~benno/data_center.owl

00

¢) Reusing ontologiesAs many tourism ontologies do |12

http:/fwww pms ifi lmu de/rewerse-wgal/otn/OTN owl

0.2857

exist, we employ the domain coverage metrics tect¢he |14

http://aabs-semanticweb-prototypes.googlecode.com/sva-
history/r2/trunk/ontologies/2007/02/ Test'needs.rdf’

TABLE Il. SAMPLE OF COMPETENCY QUESTIONS FOR A TOURISM

http://aabs-semanticweb-prototypes.googlecode.com/svn-
hustory/r2/trunk/ontologies/2007/02/Flight/Flight.owl

0.0

onToLoGY. ol e
CQl What services are included in a Specmc accomnioniat 117 http:/fwww esd.org uk/standards/lgcl/1.03/1gcl-schema/lgcl xml 0.0
C(p What time is check-infout for a given accommoda?ion 118 http:-’:‘\wm'.cs.ox.ac.u}c‘lsg’omf)10gles-!1b-’Gardm?rC0rpi:s-hnpj;pr 0.1429
CQ3 | What places to eat and drink are within a giveradise? otege staforcodi pingsne owl owllibtary favel, oulf2009-02:
CQ4 What points of interest are around the accommonfatio 119 http://harmonisa.uni-klu.ac.at/ontelogy/realraum owl 0.0
CQs5 | What activities can you do around the accommodation
CQg | Which are the traveling options arounc a point of inteest (POI

most adequate ontologies. The domain coverage aristri
based on the semantic similarity between concems t
concepts represented by ontology classes and tks on
described by user-given search terms. Our soluf&jn
counts the concepts that completely match a teromerof

its synonyms. This value is normalized by the numidfe
terms given. The synonyms of the terms, in paresthe
are selected from WordNet suggested synonyms, @iccpr

to the intended word meaning. The results of domain
coverage calculation, using our proposed class hiragc
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{equivalent TourismRxis {or ation Activity

3 POI Location) )

{disjoint Accommodation Actiwvi
stro POI Location)

C vity Gastro POI)
rrange A daticn)
{define-role hasa vi

:domain (or Accommodation Gastro POI)
rrange Activit
fﬁefine~éole hasEath

tdomain (or ACCOM Activity POI)
rrange Gastro

{define-role haspPOI
rdomain {or Accommodation Activity Gastro)

rrange FOI)
{define-role haslocation :domaln Tourlismixis
:range Location
rtransitive ¢

tinverse

Locatedin)
FIG. 1. TOPLEVEL CONCERNS IN THE TOURISM ONTOLOGY

Part of the ontology is automatically populatetth
information extracted from tourism blogs. The aisntd
extract subjective impressions about named entitiesur

domain. To model this, we introduced the conceptcila
for representing the relations between the toarigtaces
and the blog posts where the named entity was ifaht

This concept was modelled by enacting the n-arplogy

corresponding TBox contains a list of 200 facisti€ig. 3
presents 20 of these facilities.

{or InternetAccess AlrConditioning Golf
Restaurant Babysitting
Casino KidsClub Beachaccess sSofabed
Washingmachine Parking Refrigerator
Iron Chan frhelinen Terrace-Balcony
Diningroom Weeklycleaning)

Faccility)

{implies

ItNess

FIG. 3. SAMPLE FROM THE200FACILITIES FORMALIZED IN THELELA
ONTOLOGY.

Each accommodation type is located in a cithe T
ontology uses an ABox of 428 cities in Romania. Wge
two ABoxes for asserting facts about accommodatfidme
first ABox includes 555 individuals of type
Accommodation These instances are categorized in the
following categories: GoodHote) LuxuryHote)
ExtraLuxuryHotelor Budgetaccommodation, according to
the number of stars (see Fig. 4).

A booking is encapsulated in the ontology as:

{instance bl Booking
CSLE[‘.’.{_ZI= has-start
{string= has-end
{= has-price 130.

design pattern [5]. The goal was to combine several The second ABox contains 2517 hotels, with tegla

information about a tourism blog regarding: subjefcthe

information described by the following featurasame

blog according to the concepts in the ontology, poted has-addresshas-phonghas-websitgsee Fig. 5).

score about an instance in the ontology, or provema
information like author, starting and ending terdex

which relates to an individual in the ontology.
As an example, the individuahl of type Match is

related to the blod100 via the rolefromBlogPost The
point of interestmateicorvinis related to the same match
m1 by the relatiorhasSubjectThe positive score of 0.8 in

line 22 is computed with a basic opinion miningaaithm
from the blog post.

(define-role fromBlogFost :domain Match
) rrange BlogFost)
{define-role hassubject :domain Match
: je Touriss
({define-concrete-domain-actribute ha

omai h :type str
ine-role spezkshbout :do

> ml Match)

jrelated ml bi00 g
({related ml mateicorvin hassubject)
{attribute-filler mil a

0.8)

FIG. 2. RELATING INFORMATION ABOUT A BLOG WITH THE N-ARY DESIGN
PATTERN.

B. Extended T-boxes of the ontology

e) Modelling touristic activitiesWe consider several
types of tourism (i.e.,agriculture, nautical medical
culinary, popCulture cultural, extreme heritage
warTourism wellnesswildlife) following the pattern:
{implies extremeTourism {and tourism

{scma based visitingDangerousflaces)})

We also defined 61 touristic-related activitiegy. 6 lists
a sample of 20 such activities. The ontology caomstaa
taxonomy of 80 geographical touristic objectives,
following the pattern ifistance |Cascada Rachitelg
[Waterfall).

Information about administrative areas is sidreterms
of region country, city and 46Zommunes

f) Modelling points of interestThe tourism ontology
includes relevant information about 637 museums in
Romania.

Each museum has a textual description in Roamani
using the role has-description. Additionally, eanhseum
has the following featureshas-location hasemail has
phone hasfoundingyear, haslatitude haslongitude
countyhasmuseumhasschedulehaswebsite

We focuses also on modelling points of intexéisé., the
ontology contains data on 953 caves in Romania).

This subsection details the extension of the amtology
with knowledge related to accommodation and poofts
interest. The extended ontology is modular.

d) Modeling knowledge on accommodatiofEach
accommodation  provides various facilities. The
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({implies GoodHotel

fand Hotel (has-value hasRating
{implies LuxuryHotel

{and Hotel (has-value hasRating
{implies EXtralLuxuryHotel

fand Hotel (has-value hasmRating
{implies Campground

fand Accomodation

({has-value hasrating

{implies Hostel

ThreesStarRating) )}
FourscarRating)))

FivestarRating))

OneStarka
{and Accommodation
{all hasRating TwoStarRating)))
{and Accommodation
(all hasrating Threessta
]
chFILEf auscezltccmmodsL:an {and Accommodation
{some hasRating (or SonesStarRating
TwoStarkRating))))

ting)))

({implies Chalet

rrRating)

FIG. 4. FORMALIZING HOTEL CLASSIFICATIONS

{instance |HotelZ517| |Hotel
jattribute-filler |Hetel2517| "HotelHotel Zimbru®
name)

{instance |CaleaBucovinei 1-3, CampulungMoldovenesc,
RC| |Address
{related |Hotel2517| |CaleaBucovinel 1-3,
CampulungMoldovenesc, RO| has-address)
{related |Hotel2517| |+40230314356| has-phone)
{related |Hotel2517| |www.suaceava3el.ro/ |
has-website)

FIG. 5. THE SECONDABOX FOR ASSERTING INFORMATION ABOUT2517
HOTELS INROMANIA.

{implies (or Basketball BeachVolleyball Biking
BootCamp Calisthenics ChoppingFirewood
CircultTraining DanceRevolution
EllipticalTrainer FamilyHike
FlagFootball
HalfMarathon Handball Hockey
IceHockey IceSkating InlineSkating
IrishpDancing) Activity)

Football

FIG. 6. TOURISTIC ACTIVITIES.

{instance
{related

|Munti
| ALER |

i Bihoruluil| |Mountainjj)
|Jpuntii Biherului| has-mount

ain)

FIG. 7. ROMANIAN MOUNTAINS IN THE TOURISM ONTOLOGY.

Each cave has a specific location, as exeraglifiy the
following RacerPro code:

{related |CLUJ| |Pestera Zar

The concept Mountain is instantiating with
corresponding individuals in Romania (see Fig. W)tHe
same figure, each mountain belongs to a partiadanty.

The ontology contains also 729 instances ofcthecept
POL.

C. Populating the ontology.

Data from Open Street Map (OSM) can be direct

the

I{cancepc—:nst;nces (and Match (»>= hasScore 0

({implies
{implies
({implies
({implies
{implies
{implies
{implies

uarium ArtsEntertainment)

cade ArtsEntertainment)
Art_Gallery ArtsEntertainment)
Bowling Alley ArtsEntertainment)
Casino ArtsEntertainment)
Comedy_Club ArtsEntertainment)
:on:e}t_ﬂall ArtsEntertainment)

o
g

FIG. 8. IMPORTING FOURSQUARE TAXONOMY IN OUT ONTOLOGY

{define-primitive-role hasCuisineQuality :domain
Gastro :range Match)

{instance ml2345 Match)

{instance bl0l BlogPost)

{related ml2345 bl0l fromBlogPost)

tattribute-filler m12345 "at Napolicentrale one can
gat well"™ hasText)

tarcribute-filler m1Z345 1.0 hasScore)

re‘aLec plzzer_=hapo iCentrale mlZ345

hasCuisineQuality)

FIG. 9. POPULATING THE ONTOLOGY THROUGH NATURAL LANGUAGE
PROCESSING AND SENTIMENT ANALYSIS OF TOURISM BLOGS

V. RETRIEVING INFORMATION FROMABOXES

Assume that the blog 101 states that “at N&woitrale
one can eat well” the
performing sentiment analysis on the blog is asdeirt the
ontology as described by Fig 9.

The following listing illustrates three opemts: i)
checking the ontology consistency, ii) retrieveoimfiation
about individuals in the ontology and iii) identifire sub-
concepts of the main five axis of the ontology.

{thox-cyclicz)
{thox-coherentc?)

{describe-individual m12345)

{concept-instances Location)
{concept-instances Activity)
(concept—-instances PFOI)
{concept-instances Gastro)
{concept-instances Accommodation)

Various competency questions were formalized
NRQL. To obtain all activities and their locatiomsie can
use:

(retrieve (Zactivity zlocatiom)
{and (7activity Activity)
{Factivity 7location hasLocation)))

To obtain all eating and drinking options artkit
locations, the following guery can be enacted:

{retrieve (Zed) (and (7ed Gastro)

|’en Tlocation hasLocation)))
To list all touristic objective with a positiveview score
greater than 0.8, we can use the RacerPro command:

-8) 1)

integrated as an ABox in the tourism ontology. For To enumerate all points of interest and adtsitfor
converting OSM into KRSS syntax we developed a-javavhich the location is explicitly specified we caseu

based converter based on the OSMOSIS API.

The Foursquare taxonomy and individuals areo als

imported in the ontology. As an example, the coteép

the ArtsEntertainment domain from the Foursquare a

listed in Fig. 8.

{7x (has-known—-successor
_Lccatianj1}
x) (7x (has-known-su

y_has_Location)))

{recrisve (7
POI_has
t:E_.lofe {
Activity

VI. CONCLUSION

To our knowledge,

information obtained after

this the most comprehensive

ontology for the Romanian tourism. The ontology was
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developed to be used in an industrial applicatirfdr the
Recognos company.
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