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SUMMARY

In Land Administration, web portals have been depetl to support various customers on
property transactions, applications for registratad land titles, submission of survey plans
for authority’s approval, etc. The user groupshafse portals are huge and range from various
parties, such as surveyors, government authorigesiowners, member of the public, and
lawyers. A formalized ontology that emphasizes uwebtss in Land Administration will help
identify user roles by reasoning about the docusigribrmation submitted. This ability will
allow the system to serve customers more proagtivel

The paper formalizes domain ontology for Land Adstmation from natural language texts
in the standard ISO 1915Pand Administration Domain Model (LADM) using Web

Ontology Language (OWL). OWL is chosen becauseippsrts reasoning and inference of
new knowledge. Comparing with the existing UML (fiedl Modeling Language) model,

natural language texts are a good source to proaidwutral stance for developing the
ontology without a prior assumption.

In the existing LADM model, however, user roles aather represented rigidly. This has
confined the way to model roles as context dependéso, role is involved in the association
between BAUnIt and Party through the relation beAsarty. BaunitAsParty is semantically
different but the existing model has treated itelibther general types of association
relationship. Lastly, the conceptual structureaés is more complex. Relationships such as
generalization can exist between roles, for exarapBertifiedSurveyor as specialization of a
Surveyor. But the existing model represents rales flat code list.

To develop the domain ontology that focuses on usles, the paper introduces three new
concepts, RolePlayer, Role, and Context, and tvatioes hasRole and dependsOn. The
introduction brings the following three benefits:
I. Treating roles as a first class concept. Treatolgsras concept allows the definition
of role more specifically and flexibly.
ii. BAUNnit is treated as RolePlayer to relate to Pastyich is a subclass of Role, through
hasRole relationship.
iii. Roles (as well as RolePlayer and Context) are adbto be represented in hierarchy
or ontology in its own.

With the formalized ontology in place, it allowssgstem to reason about and infer new
knowledge using rule language such as Semantic Ri¢e Language (SWRL) and Rule
Interchange Format (RIF) for handling complex ws®rditions.
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Kean Huat SOON, Singapore
1. INTRODUCTION

With the current Land Administration Domain ModelADM) standard (ISO, 2012) that is

modeled in Unified Modeling Language (UML) and dothal explanatory natural text and

tables, it will facilitate the software developmeand database design for the proper
implementation of land administration systems. Tuse of UML supports generating a
database schema or exchange format. However, UMhoismeant to support machine
reasoning.

To support machine reasoning, Web Ontology Langu@@@/L) is chosen to develop
ontology. UML/OCL (Object Constraint Language) usdesed World Assumption (CWA)
while OWL works under Open World Assumption (OW&kg(litz et. al., 2012)CWA treats

all statements that are not mentioned as false OO considers missing information as
undecided and new knowledge can be inferred thraaghoning. A formalized ontology in
Web Ontology Language (OWL) supports inferenceraagdoning for information integration
and automation. For example, supported with OWIologly, a party who submits a survey
plan can be inferred as a surveyor if he/she dagsshow any right, restriction, and
responsibility (RRR) obligations on an administratientity. (For other examples of how
OWL supports information integration and automaiiothe geographic domain, the readers
are referred to Lutz and Klien (2006), Fonsecale(2002), Visser et. al. (2002) and Zhao et.
al. (2008)).

The paper formalizes domain ontology for Land Adstnation from the natural language
definitions in the standard. The natural textsagood source to provide a neutral stance for
developing the ontology without a prior assumptikea CWA or OWA.

The ontology attempts to support land administratigstems (e.g. web portal) that prioritize
user roles in order to serve customers more pradgtiA domain ontology is resulted from
the paper to emphasize user roles in Land Admatietr.

The paper has two objectives. The first is to fdimeathe existing LADM model to ontology
in OWL. The second is to enhance the formalized OWitology with role representation,
which emphasizes user roles.

1.1 Motivation

Research on role representation in the Knowledgerd®entation domain has been a long
tradition (e.g. Guarino, 1992; Mizoguchi et al, 205Sowa, 2000; Steimann, 2000). The
representation of roles involves dynamics. Rolescantext dependent and need individuals
to play the roles, and an individual plays/unplegles unknowingly in different times. Roles
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are different fronfunctions stateand they should not be merged with the concepitefface
in programming (Loebe, 2003).

Currently however roles are rather representedcatiyt in the existing LADM model. For
instance in the existing model, role is consideasattribute in the Party class (see Figure 1).
The Role attribute is defined by the Code List, PartyRoleType. Such a definition has
confined the way to model roles as context dependiem example, Certified Surveyor and
Surveyor are defined as two role types in the LAtyRoleType Code List. Although they
both are similar, they can be differentiated thfoggrveyor’s certification for instance. The
role of Certified Surveyor can only be played unther governance of certain legal institution
like the Land Surveyors Board, and the person shballe obtained the registered surveyor
certificate. To relate only the role of CertifiedirBeyor to other concepts like Surveyor
certificate or Land Surveyors Board is not parthef existing model.

Because BAUnNit may play the role of Party, in theéseng model Party and BAUnit are
associated with relationship baunitAsParty (FiglyeThis association is treated the same as
other general association relationships such a®\dui and unitRRR. Given that role is
context dependent, this association is semantidéfigrent and should be treated in its own.

Defining roles as a code list assumes that theeminal structure of roles is relatively flat.
But the relationships between roles themselvesmareh more complex. For example, some
have generalization relationship, such as bankraodey provider, surveyor and certified
surveyor. Such relationships unfortunately areyedtmodeled in the current model. Research
has been done on developing the ontology for ralesuser actions Hoekstra, 2010;
Mizoguchi, et. al., 2012; Soon and Kuhn, 2004).

1.2 User-Centric Approach

In the paper roles are treated as a first classemin(or a class in OWL term). THeole
concept is linked with another concept callédntextthrough a relatiordependsOn(as
ObjectProperty in OWL) (literally means that a rdigpends upon a context). As an example,
Party is considered as a subclass of Role, anditthbutes from LA PartyRoleType (e.g.
conveyancer, surveyor) are subclasses of Party.ifistmative Source and Spatial Source are
subclasses of Context. To represent that the roluweyor depends on spatial source for
instance, the surveyor role can link with spatalrse through dependsOn.

There is another concept callRdlePlayerof which BAUnIt is a subclass. RolePlayer relates
to Role throughhasRolerelation. As a result, this approach introducesdew concepts,
RolePlayer, Role, and Context, and two relatiorsRlodée and dependsOn in order to develop
the ontology.

This role representation model, which involves Rtdger, Role and Context, is adapted from
the mainstream of role representation research @mastic Web and Knowledge
Representation (e.g. Guarino, 1992; Sowa, 2000)ekample, Loebe (2003) has used similar
conceptsFiller, Role and Contextin the medical domain, whilozaki et. al. (2007has
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consideredPotential Playey Role concepandContextfor developing intelligent educational
systems. The paper applies the similar model in#mel Administration domain.

VersionedObject
«featureType» +party baunitAsParty
Party::LA_Party
0.+
+ extPID: Cid [0..1]
+ name: CharacterString [0..1]
+ plb: Oid VersionedObject
+ role: LA_PartyRoleType [0..*] |+party +rr
+ lype: LA_PartyType «featureType»
0.1 0.t Administrative::LA_RRR
i fe +rrrPart
VersionedObject tparties | 2.° rrrParty I
«featureType»
Party::LA_PartyMember " — — — — — = members +unit | 0..*
+ share: Rational [0..1] +groups 0.1 1 VersionedObject
unitRrr
«featureTypen» il «featureType»
Party::LA_GroupParty Administrative::LA_BAUnit
+ grouplD: Qid +baunit | 0.*
+ lype: LA_GroupPartyType suBaunit
constraints tsu ) 0.7
{sum(LA_PartyMember.share)=1 pergroup} VersionedObject
«featureTypen
Spatial Unit::LA_SpatialUnit
«codeList» «codelist» «codeLisi»
Party:: Party:: Party::
LA_PartyType LA_GroupPartyType LA_PartyRoleType
wcodeLists wcodeList» wcodelist»
Party::LA_PartyType Party::LA_GroupPartyType Party::LA_PartyRoleType
+ baunit + association + bank
+ group + DpaunitGroup + certifiedSurveyor
+ naturalPerson +  family + citizen
+ nonNaturalPerson + tribe + conveyor
+ employee
+ farmer
+ moneyProvider
+ notary
+ stateAdministrator
+ surveyor
+ writer

Figure 1. BAUnit is associated with Party through baunitAsf?aand roles are considered as
Code List in the existing LADM model (ISO, 2012).

To sum up, the advantages of introducing role segr&tion in the domain ontology are
threefold.

I. Treating roles as a first class concept. Treatolgsras concept allows the definition
of role more specifically and flexibly. For examplke role of Certified Surveyor can
be associated with registered surveyor certifispeifically.

4/20

Kean Huat SOON
Representing Roles in Formalizing Domain Ontolagylfand Administration

International FIG workshop on the Land AdministvatDomain Model
24-25 September 2013, Kuala Lumpur, Malaysia



ii. BAUNnIt is treated as RolePlayer together with otbksses like NonNaturalPerson
and NaturalPerson. BAUnit can be related to Pastyich is a subclass of Role,
through hasRole relationship.

iii. Roles (as well as RolePlayer and Context) are a&iibto be represented in hierarchy
or ontology in its own. For example, Money Provided Surveyor can be defined as
superclasses of Bank and Certified Surveyor resmdygt

In what follows, Section 2 provides background rnfation. Section 3 illustrates the process
of formalizing the ontology from natural languagats. Section 4 demonstrates the addition
of role representation in the ontology. Sectionigcuksses the potential use of the ontology
and Section 6 concludes the paper with future work.

2. FORMAL ONTOLOGY
2.1 Domain Ontology

The termontologyis originated in philosophy to refer to the scienfevhat is, i.e. the kinds
and structures of objects, properties, events,gas&s, and relations in every area of reality
(Agarwal, 2005; Mark et al., 2004). To constructamology for the geographic domain, the
understanding for the ontological foundations asgyephic data (Soon, 2010) is crucial.

Generally ontology can be classified into Top Lev@bmain and Application ontologies

(Boskovic et. al, 2010Guarino, 1998;Sladc et. al, 201R Top Level ontology depicts

concepts at the highest level of a domain of dissmuit includes concepts like Space, Time,
Process and Event. Meanwhile, Domain Ontology dsssrconcepts that are commonly used
within a particular domain such as Land Administnat Domain ontology facilitates

automation, sharing and integration of information a domain (Van Oosterom and

Zlatanova, 2008). Lastly, Application ontology fees on a particular application and
concepts contained within this type of ontology agplication specific. The ontology

developed in the paper is a domain ontology.

Ontology is used to explicitly describe semantigsusing OWL. OWL is enriched with
axioms for semantic definitions to build ontologgy interpreting the knowledge in the
ontology, a reasoner with Description Logics (Baagteal., 2010) is able to make inference.
OWL has been evolved from OWL 1 to OWL 2 with sigant improvements. Two
examples of the improvements are firstly one i abldefine a class to be related to the class
itself throughbj ect HasSel f, and secondly OWL 2 supports user-defined datastywhich

is not possible in OWL 1. The paper is based onLNVwhich will be described in the
following section.

2.2 Web Ontology L anguage (OWL 2)
OWL is a World Wide Web Consortium standard and&moWwledge representation language,

designed to formulate, exchange and reason wittwlaige about a domain of interest”
(W3C OWL Working Group, 2012). This section intreégs some basic notions of OWL 2 to
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provide fundamental background. For more detailOWVL 2, the readers are referred to
OWL 2 Web Ontology Languagént{p://www.w3.org/TR/owl2-overviewy/and subsequent
links from the web site.

2.2.1 Basic Notions

OWL" has three basic entities to represent knowledbesd entities arelassesproperties
andindividuals Classegefer to categories, such as PaRyopertiesrefer to relationships or
attributes, such asasPartyName, which relates a party to a name. In this casetyRauthe
domainof the propertyhasPart yNane Or Dat aPr opert yDomai n (: hasPartyName : Party),
and string is the&ange or Dat aPr opert yRange (: hasPartyNane xsd:string). There are
two types of properties: ObjectProperty and DatpPry. ObjectProperty refers to the
relationship between classes or between individ&ds instancehasPartyMenbers iS an
ObjectProperty, which can relate GroupParty to yRéember which both are classes.
DataProperty is used to relate a class (or indadidio a value (e.g. numbeblasPar t yNarre,

as mentioned previously is a DataProperty. Diffefeom OWL 1, OWL 2 supports user-
defined DataProperty in addition to the existingilthns such as integer and string.
Individuals are instances of classes. An example of indivalisKean which is an instance
of class Party.

Classes and properties can have hierarchy. To #oimerarchy, classes and properties can
respectively use subd assOf and  subQbj ect PropertyCf. For example,
subQbj ect PropertyOf  (:hasRi ght :hasRRR) means that whenever A hamsRi ght
relationship with a basic administration unit, AahasasRRR relationship.

SubCl assOf andsubbj ect PropertyOf are called axioms. An axiom is a truth statement o
proposition. For examplesubd assOf (: GroupParty :Party) iS a statement that says
GroupParty is a Party. All necessary statementsildhioe explicitly defined to ensure the
completeness of the ontology.

There are more complex axioms supported in OWL.nkptas areEqui val ent d asses,
Functi onal Obj ect Property, Funct i onal Dat aProperty, bj ect I ntersecti onO,
bj ect Uni onCf , bj ect Al | Val uesFrom and bj ect SoneVal uesFrom
Equi val ent d asses IS to state that two classes are equivalent, Eqgi val ent Cl asses
(: Human : Person). Functional Obj ect Property Or Functional DataProperty refers to
one and no more than one relationship/attribute. éxample, Funct i onal Dat aPr operty
(: hasPartyNane) means Party can have one and only one name.

oj ect I ntersecti onOf and Obj ect Uni onOf  respectively refer tintersectionandunionin
Set Theory or Boolean operat@slD andOR For example, being father means he is a man
and a parent or in OWLEqui val ent Cl asses (: Father ObjectlntersectionOf (: Man

:Parent)). For Qbj ect Uni onOf, one can use it to specify for instance being mari is
Equi val ent O asses (:Parent ObjectUni onCf (: Mot her : Father)).

! For the sake of simplicity, OWL 2 is simply refedras OWL in the paper.
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oj ect Al | Val uesFrom and bj ect SorreVal uesFr om are treated asniversal quantification
(literally means “only” or “all”) andexistential quantificatior{literally means “at least one”
or “some”) respectivelyobj ect HasSel f allows defining a class to be related to itselfr Fo
example, (: BAUnit Obj ect HasSel f (: hasRequi redRel ati onshi pBAUni t)) means that

BAUNit is related to another BAUnit through Qbj ect Property
hasRequi r edRel ati onshi pBAUni t .

All classes, properties and individuals are catkesburcesn OWL. Each of the resources has
a unique Uniform Resource Identifier (URIAN example of URI for the LADM ontology is
http://wiki.tudelft.nl/pub/Research/ISO19152/ImplemtationMaterial/LADMOntology.owl

2.3 Open World Assumption versus Closed World Assumption

Open World Assumption (OWA) assumes that the wbidd incomplete information. The

statements that are not explicitly defined or carbinferred are not false, but undecided.
Contrary, Closed World Assumption (CWA) assumeswbed is complete; information that

does not exist must be falsBe(litz et. al, 201 Semantic Web (Kolas et. al., 2005) and
knowledge representation follow Open World Assumptiwhile software and database
modelling supports Closed World Assumption. Becaof¢he characteristics of OWA of

being open, OWA has the capability to reveal newwrdge. In contrast, CWA supports
consistency checking through constraints.

To illustrate the difference further, consider thadtatement is explicitly defined in a system
as “serving parcel 123 is a basic administratiom.'uli one was to ask “is serving parcel 123
a party?”, under CWA, the answer is “no”, but un@WA, it is “do not know”. The “no”
answer is owing to the fact that serving parcel h28 been defined as a basic administration
unit and not party. Other than basic administratian, all are considered false or violate the
statement in the system. For OWA, so long as thetisaship between party and basic
administration unit is not defined, the answer aliays be “do not know”, and possibly the
system will infer that both party and basic adntnaison unit are the same. Until when party
and basic administration unit are defined as tvileidint entities, the answer is then "no”.

UML/OCL follows CWA while OWL applies OWA. Takinghe example from the existing
LADM model, an invariant such gsParty can only have 0 RRR in case the party

has specific role} has been defined. If a database that has appligdntrariant will be
violated if the data that contain party informatdm not have related information about RRR
and Role and that attempt to load in to the datbascontrast, if an ontology has defined a
person that has spatial source and that does netRBRR as a surveyor, then when a person
is detected to have spatial source and no relaiRi, R reasoner would automatically infer
that person as a surveyor.

2 Strictly speaking, OWL supports InternationalizReésource Identifier (IRI), which can contain uniedr
character set including Chinese and Japanese iticadtb the ASCII character set (e.g. A-Z Latimpladbets),
which URI can only contain. Owing to the paper does$ involve universal character set like Chinese,
simply use URI here.
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3. FORMALIZING ONTOLOGY FROM NATURAL LANGUAGE

The domain ontology in OWL is created using Protédge http://protégé.stanford.edu/an
open source ontology editor from Stanford Univgrsithis section will describe how the
ontology is created from natural language texte ¢bmplete ontology is made available at
www.isoladm.org(hosted under the ImplementationMaterial link) xNeection will illustrate
the addition of role representation in the ontololyythe following sections, the extracted
texts from the standard are highlighted in italiedile the formalizations are described in
functional syntax for human readability (highligtite& Cour i er font).

3.1 All Classesare Versioned Objects

Like the existing LADM model, VersionedObject isaldefined in the ontology as the top-
level class from where all classes in the ontolagy connected directly or indirectly. This
means that all classes in the domain ontology amesianed objects, which have data
properties hasBeginLifeSpanVersion and hasEndL#eSprsion.

Decl aration ((DataProperty (:hasBegi nLifeSpanVersion)))
bj ect PropertyDomai n (: hasBegi nLi f eSpanVer si on : Ver si oned(j ect)
bj ect PropertyRange (: hasBegi nLi f eSpanVer si on xsd: dat eTi ne)

Decl aration ((DataProperty (:hasEndLifeSpanVersion)))
bj ect PropertyDomai n (: hasEndLi f eSpanVer si on : Ver si onedbj ect)
bj ect PropertyRange (: hasEndLi f eSpanVersi on xsd: dat eTi ne)

The direct classes to VersionedObject are PartstyMamber, RRR, BAUnit, SpatialUnit,
SpatialUnitGroup, BoundaryFace, BoundaryFaceStritmgint and Level, which are shown
below. The rest of classes are indirectly connetedersionedObject.

Subd assOf (:Party :Versi onedObj ect)

Subd assOf (: PartyMenber : VersionedObject)

Subd assO (: RRR : Versi onedObj ect)

Subd assOf (: BAUnit : Versi onedObj ect)

Subd assOf (: Spatial Unit :VersionedObject)

Subd assOf (: Spati al Unit G oup : Versi onedObj ect)
Subd assOf (: BoundaryFace : Versi onedj ect)

Subd assOf (: BoundaryFaceString : Versi onedj ect)
Subd assO (: Point :Versi onedject)

Subd assOf (:Level :VersionedObject)

3.2 Formalizations

To develop the ontology, the natural language taxtsextracted based on the definitions on
the four basic classes: Party, RRR, BAUnit and i@jnit. Note that due to the space limit,
not all extracted texts are shown here, this sedidy illustrates the prominent ones.

To get started, let us begin with Party class,
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LA_Party has a specialization: LA_GroupParty (wignoup party as an instance). Between LA Party and
LA_GroupParty there is an optional association stasA_PartyMember (with party member as an instanée
group party, being a specialization of party, is@la party. Every party, being a constituent ofraug party,
may then be registered as a party member of clas$artyMember

The corresponding formalization in OWL with cardityais as follows,

Declaration ((Cass (:Party)))
Declaration ((C ass (:GoupParty)))
Declaration ((C ass (:PartyMenber)))

Subd assOf (: GroupParty : Party)

Decl aration ((QojectProperty (:hasPartyMenbers)))

bj ect PropertyDomai n (: hasPartyMenbers : G oupParty)
bj ect PropertyRange (: hasPartyMenbers : PartyMenber)
bjectMnCardinality (2 :hasPartyMenbers : PartyMenber)

Decl aration ((QnjectProperty (:isRegisteredAs)))
bj ect PropertyDonai n (:isRegisteredAs : Party)
bj ect PropertyRange (:isRegisteredAs : PartyMenber)

For RRR class,

Class LA_RRR is an abstract class. An instance alulaclass of LA_RRR is a right (or social tenure
relationship), a restriction, or a responsibility.

Declaration ((Cass (:RRR)))
Declaration ((COass (:Right)))
Declaration ((Class (:Restriction)))
Declaration ((Cass (:Responsibility)))

Subd assOf (: Right :RRR)
Subd assO (:Restriction :RRR)
Subd assO (: Responsibility : RRR)

and,
A party is associated to zero or more [0..*] instas of a subclass of LA_RRR.

Decl aration ((njectProperty (:hasRRR)))
bj ect PropertyDormai n (: hasRRR : Party)
bj ect PropertyRange (: hasRRR : RRR)

Decl aration ((OojectProperty (:hasRight)))
bj ect PropertyDonai n (: hasRi ght : Party)
bj ect PropertyRange (: hasRi ght : Right)

Decl aration ((OnjectProperty (:hasRestriction)))
bj ect PropertyDonai n (: hasRestriction : Party)
bj ect PropertyRange (:hasRestriction :Restriction)
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Decl aration ((OhjectProperty (:hasResponsibility)))
bj ect PropertyDomai n (: hasResponsibility :Party)
bj ect PropertyRange (: hasResponsibility : Responsibility)

SubQbj ect PropertyOF (: hasRi ght : hasRRR)

SubQbj ect PropertyOF (: hasRestriction : hasRRR)
SubObj ect PropertyOf (: hasResponsibility :hasRRR)

Specifically,

If it is a right or responsibility, then it is assiated to exactly one [1] party, and exactly ond Hasic
administrative unit. If it is a restriction, theth is associated to zero or one [0..1] parties, andctly one [1]
basic administrative unit. The latter allows foethegistration of restrictions (e.g. right-of-wayght-to-harvest-
fruit), with, or without an association to LA_Party

I nver seCbj ect Properties (:hasRight :hasRi ghtParty)
bj ect Exact Cardinality (1 :hasRightParty :Party)

I nverseCbj ect Properties (:hasResponsibility :hasResponsibilityParty)
bj ect Exact Cardinality (1 :hasResponsibilityParty : Party)

I nverseCbj ect Properties (:hasRestriction :hasRestrictionParty)

bjectMnCardinality (0 :hasRestrictionParty : Party)
bj ect MaxCardinality (1 :hasRestrictionParty : Party)

and the relationships between RRR and BAUnit,

Decl aration ((QnhjectProperty (:hasRRROnNBAUnit)))
bj ect PropertyDomai n (: hasRRRONBAUni t : RRR)
bj ect Propert yRange (: hasRRROnBAUnit : BAUnit)

Functi onal Obj ect Property (: hasRRROnBAUni t)

Decl aration ((ObjectProperty (:hasRi ght OnBAUnit)))
bj ect PropertyDomai n (: hasRi ght OnBAUnit : Ri ght)
bj ect PropertyRange (: hasRi ght OnBAUnit : BAUni t)

Decl aration ((QbjectProperty (:hasRestricti onOnBAUnit)))
bj ect PropertyDormai n (: hasRestricti onOnBAUnit : Restriction)
bj ect PropertyRange (: hasRestricti onOnBAUnit : BAUnit)

Decl aration ((ObjectProperty (:hasResponsi bilityOnBAUnit)))
bj ect PropertyDomai n (: hasResponsi bilityOnBAUnit : Responsibility)
bj ect Propert yRange (: hasResponsibilityOnBAUnit : BAUnit)

SubQhj ect PropertyOF (: hasRi ght OnBAUnit : hasRRROnBAUni t)

SubQbj ect PropertyOF (: hasRestricti onOnBAUnit : hasRRROnBAUNi t)
SubOhj ect PropertyOf (: hasResponsi bilityOnBAUnit : hasRRROnBAUNi t)

Then the relationships between RRR and AdminSoikdeninistrative Source),
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An instance of a subclass of LA_RRR shall be as®atio one or more [1..*] administrative sourcé®.(the
right, restriction or responsibility affecting a s&@ administrative unit should be supported by esdst one
administrative source).

Declaration ((Class (:AdninSource)))

Decl aration ((QojectProperty (:isSupportedBy)))

bj ect PropertyDomai n (:isSupportedBy : RRR)

bj ect PropertyRange (:isSupportedBy : Adni nSource)
bjectMnCardinality (1 :isSupportedBy : Adni nSource)

For the BAUniIt Class,

A basic administrative unit is associated to zeranore [0..*] spatial units;

Declaration ((Cass (:SpatialUnit)))

Decl aration ((OhjectProperty (:hasBASpatial Unit)))
bj ect PropertyDomai n (: hasBASpatial Unit : BAUnit)
bj ect PropertyRange (: hasBASpatial Unit : Spatial Unit)

Reversely, the relationships between BAUnit and RRR

A basic administrative unit should be associatedote or more ([1..*] instances of right, restrictioor
responsibility (i.e. a basic administrative unitneeot exist if there is not at least one right, riesion or
responsibility associated to it).

I nver seCbj ect Properties (:hasRRROnBAUnit : hasBAUni t RRR)
bjectMnCardinality (1 :hasBAUnit RRR : RRR)

SubObj ect PropertyOf (: hasBAUni t R ght : hasBAUni t RRR)

SubQhj ect PropertyOf (: hasBAUni t Restriction : hasBAUni t RRR)
Subhj ect PropertyOF (: hasBAUni t Responsi bility : hasBAUni t RRR)

The relationships between BAUniIt themselves,

A basic administrative unit can be spatially rethtéhrough a required relationship, to zero or mf@e*] other
basic administrative units.

Subd assOf (:BAUnit ObjectHasSelf (:hasRequiredRel ati onshi pBAUnit))

The relationships between BAUnit and AdminSource,

A basic administrative unit can be associated tm zs more [0..*] administrative sources (i.e. thHmsic
administrative unit is usually described as theeabjaffected by the right, restriction or respoiidip in the
administrative source).

Decl aration ((QbjectProperty (:hasBAUnitAdni nSource)))
bj ect PropertyDorai n (: hasBAUni t Adni nSource : BAUni t)
bj ect Propert yRange (: hasBAUni t Adni nSour ce : Adni nSour ce)
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The relationships between BAUnIt and SpatialSource,

A basic administrative unit can be associated to z& more [0..*] spatial sources (i.e. the extenpart of — of
a basic administrative unit can be described ompatial source).

Declaration ((Cass (:Spatial Source)))

Decl aration ((QnjectProperty (:hasBAUnit Spati al Source)))
bj ect PropertyDomai n (: hasBAUni t Spati al Source : BAUni t)
bj ect PropertyRange (: hasBAUnit Spati al Sour ce : Spati al Sour ce)

The relationships between Source, AdminSource padié@Source,

In the LADM, administrative sources and spatial rees are modelled, starting with an abstract class
LA_Source. LA_Source has two subclasses: (1) LAinstnativeSource [...], and (2) LA_SpatialSource.

Declaration ((C ass (:Source)))
Subd assO (: Adnmi nSour ce : Source)
Subd assOf (: Spati al Source : Source)

Reversely, the relationships from AdminSource tdyR&8AUnNit and RRR,
An administrative source should be associated mammore [1..*] parties;

Decl aration ((QhjectProperty (:hasAdm nSourceParty)))
bj ect Propert yDomai n(: hasAdm nSour ceParty : Adm nSour ce)
bj ect Propert yRange(: hasAdmi nSourceParty : Party)
bjectMnCardinality (1 :hasAdm nSourceParty : Party)

An administrative source may be associated to aeronore [0..*] basic administrative units;

Decl aration ((QojectProperty (:hasAdm nSourceBAUnit)))
bj ect PropertyDomai n(: hasAdm nSour ceBAUni t : Adni nSour ce)
bj ect Propert yRange(: hasAdni nSour ceBAUni t : BAUni t)

An administrative source may be associated to zmromore [0..*] instances of specializations (right,
restriction/mortgage, and responsibility) of LA_RRR

Decl aration ((OhjectProperty (:hasAdm nSourceRRR)))
bj ect Propert yDomai n(: hasAdm nSour ceRRR : Adni nSour ce)
bj ect Propert yRange(: hasAdni nSour ceRRR : RRR)

The relationships between SpatialSource and Point,

A spatial source should be associated to one orenfibr*] points (i.e. the spatial source descriiesall cases
one or more points.

Declaration ((dass (:Point)))
Decl aration ((QojectProperty (:describesPoint)))

bj ect Propert yDorai n(: descri besPoi nt : Spati al Source)
bj ect Propert yRange(: descri besPoi nt : Point)
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bject M nCardinality (1 :describesPoint :Point)

The relationships between SpatialSource and Boyrielre String,
A spatial source may be associated to zero or rfir§ boundary face strings;
Decl aration ((dass (:BoundaryFaceString)))

Decl aration ((OhjectProperty (:describesBFaceString)))

bj ect PropertyDomai n(: descri besBFaceString : Spati al Sour ce)
bj ect Propert yRange(: descri besBFaceString : BoundaryFaceStri ng)

The relationships between SpatialSource and Boyrieire,
A spatial source may be associated to zero or fr§ boundary faces;

Decl aration ((d ass (:BoundaryFace)))

Decl aration ((OnjectProperty (:describesBFace)))
bj ect PropertyDonmai n(: descri besBFace : Spati al Source)
bj ect Propert yRange(descri besBFace : Boundar yFace)

The relationships between SpatialSource and Spaiital
A spatial source may be associated to zero or rfibrf spatial units;
Decl aration ((QojectProperty (:describesSpatial Extent)))

bj ect PropertyDomai n(: descri besSpati al Extent : Spati al Sour ce)
bj ect Propert yRange(: descri besSpati al Extent : Spati al Unit)

The relationships between SpatialSource and BAUnit,

A spatial source may be associated to zero or frf basic administrative units;

I nver seCbj ect Properties(: hasBAUni t Spati al Source : hasSpati al Sour ceBAUni t)

Finally, the relationships between SpatialSourak Rarty,
A spatial source should be associated to one oerfibr*] parties;

Decl aration ((QojectProperty (:hasSpatial SourceParty)))

Obj ect Propert yDomai n(: hasSpati al SourceParty : Spati al Sour ce)
bj ect Propert yRange(: hasSpati al SourceParty : Party)
bjectMnCardinality (1 :hasSpatial SourceParty : Party)
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4. REPRESENTING ROLESIN THE ONTOLOGY

To represent roles in the ontology, three new elgssvhich are RolePlayer, Role, and
Context, are added in the ontology.

Decl aration ((C ass (:Rol ePl ayer)))
Decl aration ((Class (:Role)))
Decl aration ((Cl ass (:Context)))

RolePlayer, Role and Context are also Versionedfbje

Subd assO (: Rol ePl ayer : Versi oned(ject)
Subd assOf (: Rol e : Versi onedj ect)
Subd assOf (: Context :Versionedbject)

Object properties dependsOn and hasRole have a@sn breated to relate respectively
between RolePlayer and Role, and between Role ante&t as illustrated below.

Decl aration ((QojectProperty (:hasRole)))
bj ect PropertyDomai n (: hasRol e : Rol ePl ayer)
bj ect PropertyRange (: hasRol e : Rol e)

Decl aration ((QbjectProperty (:dependsOn)))
bj ect PropertyDonai n (: dependsOn : Rol e)
bj ect PropertyRange (:dependsOn : Cont ext)

In the ontology, together with other PartyTypeg . (&laturalPerson), BAUnit is a subclass of
RolePlayer, which can have relation hasRole witkeRwehich in turn has subclass Party. This
literally means that BAUnit has role as Party.

Subd assOf (:BAUnit : Rol ePl ayer)

Subd assO (: Natural Person : Rol ePl ayer)
Subd assO (: NonNat ur al Person : Rol ePl ayer)
Subd assO (: Group : Rol ePl ayer)

Subclasses of Role are defined as follows. Théatas under the PartyRoleType code list
have been redefined in a hierarchical structure.example, Surveyor and MoneyProvider

have been defined as subclasses of Party, andi€3tirveyor and Bank are subclasses of
Surveyor and MoneyProvider respectively. This deéin supports inference. For example

when Surveyor class is defined to have requiredi&@Baurce, all its subclasses, such as
CertifiedSurveyor, can be inferred to have SpatiatBe. Explicit statements to define

individual types of surveyor to have required Sgd&urce are not required.

Subd assOf (:Party :Role)

Subd assOf (: Surveyor :Party)
Subd assO (: MoneyProvi der : Party)
Subd assO (: Conveyancer : Party)
Subd assOf (:Witer :Party)

Subd assOf (:Citizen :Party)

Subd assOf (: Enpl oyee : Party)
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Subd assOf (: StateAdninistrator :Party)
Subd assOf (:Notary :Party)
Subd assO (: Farner : Party)

Subd assOf (: Bank : MbneyProvi der)
Subd assOf (: CertifiedSurveyor :Surveyor)

The subclasses of Context class are as follows,

Subd assO (: Admi nSour ce : Cont ext)
Subd assOf (: Spati al Source : Cont ext)

which means that both AdminSource and SpatialSoaree Context, and these contexts
determine the roles.

As a result, the relationships between RolePldgete and Context can be demonstrated in
Figure 2 using OntoGraf, a visualization plug-inRmtégée. In the figure, the dashed arrow
from RolePlayer to Role represents hasRole relatvmnle the dashed arrow from Role to
Context describes dependsOn relation. The restoiva depict hasSubClass relation.
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|

 —
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) FolePlayer

—l o MaturalPerson |

.-
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o Party
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l 5 Context I |‘_+ o GroupParty l\ \ _ o Writer |
| No==
%/ P& SpatialSource | . '}\"-._

I+
o StateAdministra o CerifiedSury
\ : ® & ifiedSurvey

I* @ AdminScurce |

Figure 2. The interrelationships between RolePlayer, Rote@ontext.

Overall the resulted domain ontology focusing oarusles can be visualized in Figure 3 (a).
The hierarchical structure of the ontology is ithased in Figure 3 (b) with new classes
highlighted. Figure 3 (c) shows the ObjectPropsrtised in the ontology.
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(b) Classes
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® describesBFace
™ describesBFaceString
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™ hasAdminSourceBAUnit
™ hasAdminSourceParty
™ hasAdminSourceRRR
™ hasBASpatialUnit
™ hasBAUnitAdminSource
™ hasBAUnitRRR
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™ hasBAUnitRight
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™ hasRRR
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™ hasRestriction
®m hasRight
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™ hasResponsibilityOnBAUnit
= hasRestrictionOnBAUnit
™ hasRightOnBAUnit
™ hasSpatialSourceBAUnit
™ hasSpatialSourceParty
misRegisteredAs
™ isSupportedBy

(c) Object Properties

Figure 3. The formalized domain ontology focusing on uségsdor land administration.
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5. APPLICATIONS

With the formalized ontology in place, it allowssgstem to reason about and infer new
knowledge using rule language such as Semantic R Language (SWRL) (Horrocks et.
al., 2004) and Rule Interchange Format (RIF) (DeijBrand Welty, 2013). SWRL is a rule
extension to OWL and is developed based on the $agies used in constructing OWL. To
illustrate a simple example for the potential uk¢he ontology, the following SWRL syntax
defines the condition where if someone, who is rypend has administrative source and no
any related RRR, can be inferred as a conveyancer,

Part y( ?x) *( hasRRR=0) ( ?x) ~dependsOn( ?x, ?y) *Adm nSour ce( ?y)
->Conveyancer ( ?X)

Or else, if he/she has spatial source, the systérthen consider him/her as a surveyor.

Part y(?x) ~( hasRRR=0) ( ?x) ~dependsOn( ?x, ?y) *Spat i al Sour ce(?y) - >Surveyor ( ?x)

More rules can be defined to address more compticabnditions, which can include more
classes and relationships from the formalized ogtpl The above mentioned just illustrates a
simple one.

As mentioned earlier, the formalized domain ontglagtempts to be used for supporting
automation in the Land Administration domain. InndaAdministration, web portals have
been developed to support various customers onegsogransactions, applications for
registration of land titles, submission of survégns for authority’s approval, etc. Examples
of these web portals include SPEAR (Surveying arldnring through Electronic
Applications and Referralshttp://www.spear.land.vic.gov.gu/from Victoria, Australia,
LandOnline fttp://www.landonline.govt.nzfrom LINZ (Land Information New Zealand),
New Zealand, and STARS (Singapore Titles Automat&ekgistration System,
https://www.stars.gov.3gfrom Singapore. The user groups of these podsshuge and
range from various parties, such as surveyors,rgavent authorities, land owners, member
of the public, and lawyers. The formalized ontolagil help to identify the role of a user by
reasoning about the documents/information the sabmitted. The ability of intelligently
inferring user roles will allow the system to seoustomers more proactively.

6. CONCLUSIONS

The paper has demonstrated the formalization ofasiorontology from natural language for
Land Administration. In order to build the domaimtalogy to emphasize user roles,
additional classes and relationships have beendadde ontology attempts to support land
administration systems that aim to serve custommm®e proactively for land administration
routine processes such as registrations of laled tind submissions of survey plans.

The development illustrated in the paper, howeiggust an initial step to support automation
in land administration. One immediate step to fartthe research is to develop rules to
capture and represent more complex conditions &rdlng different user situations. To
support automation in cadastral job processingnts like Australia, New Zealand and
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Singapore have considered LandXML as a nationabsteal standard to capture land
surveying information, such as traverse, parcelsyeyor details, etc. With the integration
from OWL and LandXML (Soon, 2012), the use of raeguage, such as SWRL and RIF is
expected to raise the level of automation in laghthiaistration processes.

Another area to look at is the temporal constraartd relationships in the ontology. The
temporal aspect was not considered in the papkowah all classes in the ontology are
versioned objects. The DataProperties relatedme should be fully defined. The temporal
rules can then be constructed to reason aboutlasees in the ontology through the defined
DataProperties.
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