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Abstract:

This project assignment proposes a novelty (1) how to
define Object Role Modeling (ORM) constraints as a
conceptual schema using Resource Description Framework
Schema (RDFS) and Web Ontology Language (OWL) in
RDF/XML syntax as a semantic web; (2) how to define ORM
constraints using XQuery for checking consistency XML data
with the constraints. All defined RDFS, OWL, and XQuery
are well validated. In addition, the defined XQueries can be
used for checking consistency XML data with the constraint.
Several ORM constraints still are not supported by RDFS and
OWL. Current XQuery syntax can not be used to define
several ORM constraints.
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1.  Introduction

engineering using ORM as a data model.

The project assignment aims are to (1) define the
forward engineering ORM constraints that still avet
covered by [4] using Resource Description Framework
Schema (RDFS) and Web Ontology Language (OWL) [5]
into RDF/XML format by example; (2) define XQuei§,T]
for checking consistency constraints XML data bgreple;

(3) validate RDF/XML and XQuery using a validatand
(4) conduct experiment to evaluate XQuery.

2. Conceptual schema based on RDFS-OWL

ORM has rich constraints [1], i.e. uniqueness,
mandatory or optional, value (data type, data patte
enumeration, and range), set-comparison (subsagligg
and exclusion), subtype (partition, exclusive, and
exhaustive), frequency, and ring (reflexive, symmioet
transitive, irreflexive, asymmetric, antisymmetrignd

Nowadays XML is gradually accepted as a standajfransitive). XSD (physical level) syntaxes caryoaefine

for representing, accessing, and exchanging dataugh
internet applications. However, accessing and exging

unigueness, mandatory or optional, and value cainss:
However, XSD does not support set-comparison, gty

XML data typically are not completed with XML scham frequency, and ring constraints [4].

(XSD) and semantic information. In addition, dataxXiviL
databases as a text file is very easy to modifgh@it XSD
and semantic information, it is very difficult toeép

RDFS and OWL are needed to define set-comparison,
subtype, frequency, and ring constraints in a cphe
level in order to support semantic web applicationthis

consistency data in XML databases. Therefore, it isoject, RDF/XML syntax will be used to define tB&RM

impossible to produce quality information.

constraints based on RDFS and OWL. RDFS only suppor

_There are several researches as a backgroundsof $lintype constraint in context sub class and sufmssc
project. Reengineering XML Databases using ObjemeR gefinition. To define partition, exclusive, exhdust and

Modeling (ORM) [1] as conceptual data model inte fifth
normal form is conducted by [2]. In addition, [3jtended
the revise engineering method using concept siagld
multi association rules. Furthermore, [4] propodedv to
cover ORM constraints on forward engineering thaindt
supported by XSD syntaxes. In 2001, Berners-Lepgsed

a semantic web as an extension of the current web in which

information is given well-defined meaning, betteabling
computers and people to work in cooperation [1] fa#sas
| know, there is not a tool that has a feature davérd

ring constraints, OWL is needed. A foundation lafgerthe
semantic web is shown in Figure 1.

Semantic Web Applications
owL
RDF + RDFS
XML + XSD datatypes

Unicode + URIrefs

Figure 1. The foundation layer for the semantic web
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The project will use ORM meta data that produced bgnd exclusion. However, RDFS and OWL only support t
[2,3,4] as shown in Figure 2. In general, the nd#ta is define a subset constraint. It defines ussngPropertyOf
revered engineering into RDF/XML as shown in Fig8re tag atlnverseFunctionProperty on property element, i.e.
RDF/XML is divided into header, class elements, andbject property. The ORM subset constraint dan RIME
property elements that is divided into object prtips and subset constraint can be shown in Figure 12 andr&i3
data type properties. To define class elemedtgmstraint, respectively. ObjectProperty Car.Drives is a subset of
ObjectType, RoleType, and SubtypingObject tables are ObjectProperty Person.Owns.
needed.Role and RoleCosntraint tables are needed to
define object properties. At lagtonstraintValue table is
needed to define data type properties. The mairteron
project is how to define ORM constraints that weis )
covered by [4]. Therefore the detail syntax in RRWL Student
will not show in detail. tar)

. . . *Each SeniorLecturer is an Academic whe has Rank 'SL".
Constraint (ConstraintNr, ConstKindCode) *Each Professor is an Academic who has Rank 'P'.
ConstraintValue (ConstraintNr, Value)

ObjectPredicate (ObjectTypeName, RoleNr) Figure 4. ORM diagram exclusive subtype constraint
ObjectType (ObjectTypeName, OTKindName, RefModeName)
Role (RoleNo, ObjectTypeName, PredicateName, PositionNr)

gg: z%’;est(rRai)TéN(_EOIerg:;T—)COZSUai e il <owl:Class rdf-ID=Academic">
SubtypingObject (SubType, SuperType) </(.)\./\/.|:C|ass>
; <owl:Class rdf:ID=Professor ">
Figure 2. ORM meta data <rdfs:subClassOf rdf:resourceA#ademic'/>
» Header </owl:Class>
> Class Elements <owl:Class rdf:ID="Senior L ecturer ">

<rdfs:subClassOf rdf:resourceA#ademic'/>
<owldisjointWith rdf:resource="rofessor />
</owl:Class>

Constraint

ObjectType

RoleType

SubtypingObject

> Property Elements Figure 5. RDF/XML exclusive subtype constraint

= Object properties
Role
RoleConstraint

= Data type properties
ConstraintValue

Figure 3. RDF/XML general format Degree
There are three ORM subtypes, i.e. partition, esick) *Each Student is a Person who is of Personkingd 'S
and exhaustive. Subtypes example can be showngurd=i *Each Lecturer is a Persen who is of Personkind 'L,

4, Figure 6, and Figure 8 respectively. Define gwibtype
and super type at a class element. In additioninelef
subClassOf super type Academic) in every subtype class
element (e.gProfessor and SeniorLecturer). To define  <owl:Class rdf:ID=Student">

exclusive subtype, addigointWith tag at each exclusive  <rdfs:subClassOf rdf:resource#r son"/>
subtype classSeniorLecturer) as show in Figure 5. To :g?l‘;‘l’_'g:‘;sjdf_lD_LecturQB

define exhaustive subtype, addionOf tag at super type s subClassOf rdfresource e son'/>
class elementRerson) as show in Figure 7. To combine </owl:Class>

exclusive and exhaustive constraints, i.e. partjtiose <owl:Class rdf:ID=Person">

disointWith andunionOf tags just discussed. For instance <owlunionOf rdf.parseType=Collection™>
<owl:Class rdf:about="%udent"/>

see Figure 9. _ ) o <owl:Class rdf:about="#ecturer"/>
ORM frequency constraint example is shown in Figure </owl:unionOf>

10. It is defined usingardinality tag atRestriction in  </owl:Class>
class elements definition, e.g. see Figure 11.dhes three

types ORM set-comparison constraint, i.e. subspialy, Figure 7. RDF/XML exhaustive subtype constraint

Figure 6. ORM diagram exhaustive subtype constraint



o, F) = \

{0.}

ProstateStatus — Male Female - PregnancyCount
(.description) <has Patient* || Patient* has (.}

*Each MalePatient is a Patient who is of Gender 'M".
*Each FemalePatient is a Patient whao is of Gender 'F’.

Figure 8. ORM diagram partition subtype constraint

<owl:Class rdf:ID=MalePatient">
<rdfs:subClassOf rdf:resource="#Patient"/>

</owl:Class>

<owl:Class rdf:ID=FemalePatient">
<rdfs:subClassOf rdf:resourcePdatient"/>
<owl:disjointWith rdf:resource="¥ alePatient"/>

</owl:Class>
<owl:Class rdf:ID=Patient">

<owl:unionOf rdf:parseType=Collection">
<owl:Class rdf:about="alePatient"/>
<owl:Class rdf:about=FemalePatient"/>
</owl:unionOf>
</owl:Class>

Figure 9. RDF/XML partition subtype constraint

DriveKind | ¢’
(.code)
{'Sydney’, "Tokyo"}

.. has stocks of ... in ...

Sydney | C | 3000
Sydney | D | 2000
Sydney | H | 600
Tokyo C | 2000
Tokyo | D | 1800
Tokya H 300

Figure 10. ORM diagram frequency constraint

transitive similar with RDF/XML symmetric, only chge
symmetric withTransitiveProperty attribute.

<owl:Class rdf:ID=%Sock">
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource=8#ck.City"/>
<owl:cardinality rdf:datatype="&xsd;nonNegatinteger"3
</owl:cardinality>
</owl:Restriction>
</rdfs:subClassOf>

<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource=8fck.DriveKind"/>
<owl:cardinality rdf:datatype="&xsd;nonNegatinteger"2
</owl:cardinality>
</owl:Restriction>
</rdfs:subClassOf>
</owl:Class>

Figure 11. RDF/XML frequency constraint

123B0OM

Person
(FirstName)

Sex
(SexCode)

Is of

Car
(RegNr)

[]Ered]
e
Drives
Fred[12380M
[Sue [272NCP

Figure 12. ORM diagram subset constraint

<owl:ObjectProperty rdf:ID=Per son.Owns">
<rdfs:domain rdf:resource="#Person"/>
<rdfs:range rdf:resource="#Car"/>
<owl:inverseOf rdf:resource=Gar.Owns'/>

</owl:ObjectProperty>

<owl:ObjectProperty rdf:ID=Per son.Drives">
<rdfs:domain rdf:resource="#Person"/>
<rdfs:range rdf:resource="#Car"/>
<owl:inverseOf rdf:resource=Gar.Drives'/>

There are seven ORM ring constraints, i.e. reflexiv </qw:opjectProperty>

symmetric, transitive, irreflexive,
antisymmetric, and intransitive. However RDFS an@/lO
do not support for defining AntiSymmetry, InTranss,

asymmetric, <owl:InverseFunctionalProperty rdf:IDE4r.Owns">

<rdfs:domain rdf:resource="#Car"/>
<rdfs:range rdf:resource="#Person"/>
<owl:inverseOf rdf:resource=Rér son.Owns'/>

and Acyclic constraints. In general, attribute domand <Jowl:InverseFunctionalProperty>

range tag base on the same class element. Symmetiovl:inverseFunctionalProperty rdf:IDE4r.Drives">
constraint example is shown in Figure 14. Persojecaph  <rdfs:domain rdf.resource="#Car’/>

type is defined on class elemePérson. Ring constraint ~ <rdfsrange rdfresource="#Person"/> .

. . . . . <rdfssubPropertyOf rdf:resource="fer son.Owns'/>
symmetric Friend IS defined on ijectProperty eleme <oy iinverseOf rdf:resource="#Person.Drives"/>
Friend with SymmetricProperty attribute. The RDF/XML  </owl:inverseFunctionalProperty>
symmetric constraint Figure 14 can be shown in fedib.

In addition, transitive constraint is shown in Figu6 and

: S . Figure 13. RDF/XML subset constraint
RDF/XML is shown in Figure 17. To define RDF/XML



Person
(firstname)

friend

Ann__|Ann
Ann__|Bill
Bill Ann

Figure 14. ORM diagram symmetric constraint

<owl:Class rdf:ID=Per son">
</owl:Class>

<owl:ObjectProperty rdf:ID=Friend">
<rdf:type rdf:resource="&ow8ymmetricProperty"/>
<rdfs:domain rdf:resource=P¥rson"/>
<rdfs:range rdf:resource=P#rson"/>
</owl:ObjectProperty>

Figure 15. RDF/XML symmetric constraint

Person
(firstname)

ancestorOf
Ann__|Bill
Bill Colin
Ann__[Colin
David |Ann
David |Bill
David [Colin

Figure 16. ORM diagram transitive constraint

<owl:Class rdf:ID=Per son">
</owl:Class>

<owl:ObjectProperty rdf:ID="Ancestor Of">
<rdf:type rdf:resource="&owITransitiveProperty"/>
<rdfs:domain rdf:resource=P#rson"/>
<rdfs:range rdf:resource=Pgrson"/>
</owl:ObjectProperty>

Figure 17. RDF/XML transitive constraint

OWL does not support defining reflexive, irreflegjv
and asymmetric constraints. Therefore, OWL 2 muest
used. All defined RFD/XML must valid. However,
ALTOVA Semanticworks does not support to valida&/ D
2. Manchester validator will be used, therefordesave,
irreflexive, and asymmetric constraints will be idefi
using Manchester syntax. Reflexive constraint edaropn
be shown in Figure 18 and Manchester reflexive taim

can be shown in Figure 19. Property characteristic
ReflexiveObjectProperty is used to define reflexive
constraint, for example see line 14 in Figure i@flexive
and asymmetric constraints can be defined usingainee
way, just change the property characteristic with
IrreflexiveObjectProperty  and  AsymmetricObject
respectively.

Person
(firstname)

knows/is knowed by

Ann__|Ann
Ann__|Bill
Bill__|Bill

Figure 18. ORM diagram reflexive constraint

Prefix(:=<http://example.com/owl/families/>)
Prefix(otherOnt:=<http://example.org/otherOntolcdfamilies/>)
Prefix(xsd:=<http://www.w3.0rg/2001/XMLSchema#>)
Prefix(owl:=<http://www.w3.0rg/2002/07/owl#>)
Ontology(<http://example.com/owl/families>
Declaration( NamedIndividual( :Ann) )

Declaration( NamedIndividual( :Bill ) )

Declaration( Class( :Person ) )

. Declaration( ObjectProperty( :knows ) )

10. Declaration( DataProperty( :FirstName ) )

11. ObjectPropertyDomain( :knows :Person)

12. DataPropertyDomain( :FirstName :Person)

13. DataPropertyRange( :FirstName xsd:string )

14. ReflexiveObjectProperty( :knows )

15. ClassAssertion( :Person :Ann)

16. ObjectPropertyAssertion( :knows :Ann :Ann))

©CoNOO~WNE

Figure 19. Manchester reflexive constraint
3 Consistency constraint checking with XQuery

The previous section discussed how to define semant
of ORM constraints as a documentation system. The
defined semantic of ORM constraints are used t@leeor
machine which cooperative work on web applicatiam c
better understanding each other. Another aim pergos
this project is how to checking XML data consistemdth
the defined constraint. Therefore XQuery will beedis
Generally XQuery syntax can be shown in Figure &][
t;I'here is a limitation in XQuery syntax so in thisoject
only define XQuery for several constraints.

XQuery for checking consistency example ORM
subset constraint in Figure 21 is shown in Figu& 2
XQuery for checking consistency example ORM subtype
constraint in Figure 8 is shown in Figure 23. Irditidn,
XQuery for checking consistency example ORM freaqyen
constraint in Figure 24 is shown in Figure 25. Mawer,



XQuery for checking consistency example ORM irreffe
constraint in Figure 26 is shown in Figure 27. Ast|
XQuery for checking consistency example ORM
asymmetric constraint in Figure 28 is shown in Fég29.

FLWOREXxpr ::= (ForClause | LetClause)+ WhereClause?
OrderByClause? "return" ExprSingle

ForClause ::= "for" "$" VarName TypeDeclaration%Ronalvar? "in"
ExprSingle ("," "$" VarName TypeDeclaration? FiosalVar?

"in" ExprSingle)*

LetClause ::= "let" "$" VarName TypeDeclaration?"ExprSingle
()" "$" VarName TypeDeclaration? ":=" ExprSiegt

WhereClause ::= "where" ExprSie

Figure 20. XQuery syntax in general

Fred
Fred
Sue

272NCP

123B0M

272NCP

Sue |123BOM

Tina |105ABC
owns

Person

(.firstname)

drives
Fred |272NCP
Fred |123BOM
Sue 272NCP

Figure 21. Another ORM diagram subset constraint

for $j in fn:doc("SubSetData.xml")//Drives
let $p := fn:doc("SubSetData.xml")//Owns
[FirstName=$j/FirstName and RegNr=$j/RegNr]
return
if (fn:exists($p)) then()
else (
<InvalidSubSet>
{$j/FirstName}
{$i/RegNr}
<Note>Invalid Subset</Note>
</InvalidSubSet>

)

Figure 22. XQuery for checking subset constraint

for $j in fn:doc("SubTypeData.xml")//MalePatient
let $p := fn:doc("SubTypeData.xml")//Patient
[Nr=$j/Nr and Code="M"]
return
if (fn:exists($p)) then()
else (
<InvalidSubTypeMale>
{$i/Nr}
{$p/Code}
<Note>Invalid Sub Type</Note>
</InvalidSubTypeMale>
)

Figure 23. XQuery for checking subtype constraint

Person
(firstname)

is a parent of

Ovi
Ann
Bill
Bill
Ann

Colin
Bill
Ann
Colin
Colin

Figure 24. Another ORM diagram frequency constraint

for $j in fn:distinct-values(
fn:doc("OccurFregData.xml")//Person/ParentOf)
let $p := fn:doc("OccurFregData.xml")//Person
[ParentOf = $j]
return
if (fn:exists($p) and count($p/ParentOf)>2) then
<InvalidMaxOccurece>
<ParentOf> {$j} </ParentOf>
<CoutParentOf> {fn:count($p/ParentOf)} </GBarentOf>
<Note>The occurrent frequency must be lkas br equal 1
two</Note>
</InvalidMaxOccurece>
else ()

Figure 25. XQuery for checking frequency constraint

Person
(firstname)

is a parent of
Anf..f AR
Ann_|Bill
Bill Ann
Bill Colin
Ann | Colin

Figure 26. Another ORM diagram irreflexive congttai

for $e in doc("IrreflexiveData.xml")/IrreflexiveDatPerson
where $e/FirstName=$e/ParentOf
return
<InvalidIrreflexive>
{$e/FirstName}
{$e/ParentOf}
<Note>Invalid irrefelxive constraint</Note>
</InvalidIrreflexive>

Figure 27. XQuery for checking irreflexive constrai

Person
(.firstname

Q.

)
2

[

is a parent of
Ann il
K]: Bill Ann
Bill  |Colin
Ann__ | Colin

Figure 28. Another ORM diagram asymmetric constrain



for $r in fn:doc("ASymmetricData.xml")/ASymmetricEsPerson
let $a := fn:doc("ASymmetricData.xml")/ASymmetric@&Person
[FirstName = $r/ParentOf and ParentOf FigstName]
return
if (fn:exists($a)) then
<InvalidASymmetric>
{$r/FirstName}
{$r/ParentOf}
<Note>Invalid Asymmetric</Note>
</InvalidASymmetric>
else ()

Figure 29. XQuery for checking asymmetric constrain

4 Experiment and result

frequency, subset, symmetric, and transitive caimgs.
OWL 2 can be used to define ORM reflexive, irreilex
and asymmetric constraints. However, OWL 2 stih cet
define ORM equality, exclusion, antisymmetry, ini#ive,
and acyclic constraints. The defined subset, etyuali
exclusion, subtype, occurrence, irreflexive, anghanetric
XQueries can be used for checking consistency XMtad
with the constraints.
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ALTOVA Semanticworks 2011 [8] was used tOReferences

validate RDF/XML syntaxes for the defined sema@RM

conceptual level using RDFS and OWL. The experismen 1]

show that all defined semantic ORM constraints \aed
validated as shown in Figure 30. The defined XCasewill

be validated and executed by ALTOVA XMLSpy 2011.[9][2]
All of the defined XQueries can give informationoalb

inconsistency XML data with the constraint. For ede,
see the table data Figure 26. The XQuery in Fi@fds
run and give the information as shown in Figure &fter

deletion the first row data, the XQuery will shonet

information in Figure 32.
OWL Full > © Thas ontology is well-formed.
Figure 30. Validated RDF/XML syntaxes

<Invalidirreflexive>
<FirstName>Ann</FirstName>
<ParentOf>Ann</ParentOf>
<Note>Invalid irrefelxive constraint</Note>
</Invalidirreflexive>

Figure 31. Information inconsistency irreflexive X\ata
|

XNMLSpy

I, The result of the XQuery execution is empty!

Figure 32. XML data consistent with irreflexive ctraint

5.  Conclusions

RDFS and OWL can be used to define ORM subtype,
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