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Abstract. There has been a rapid growth in the use of semistructured data in both
web applications and database systems. Consequently, the desigrdafegni
structured data models is essential. In the relational database aredhaigor
have been de ned to transform a relational schema from one form t@re m
suitable form, using algorithms such as normalization, and these algotitnas
been shown to preserve certain semantics. The work presented inkispthe

rst step to represent such algorithms for semistructured data, naioehally

de ning the semantics necessary for such algorithms. Furthermonmaf se-
mantics and automated reasoning tools enable us to reveal the incorisistanc

a semistructured data model and its instances. The Object Relationshipttrib
model for Semistructured data (ORA-SS) is a graphical notation fagieg

and representing semistructured data. This paper presents a metiyoadbém-
coding the semantics of ORA-SS into the Web Ontology Language (OWL) and
automatically validating the semistructured data design using the OWL regsonin
tools. Our methodology provides automated consistency checking dR&AES

data model at both the schema and instance levels. To our knowledges,tties

rst attempt of providing automatic reasoning support for semistrectutata.
Keywords: Semistructured Data, Semantic Web, Ontology Web Language, ORA-
SS, Formal Veri cation.

1 Introduction

Semistructured data has become prevalent in both web afiplis and database sys-
tems. With the growth in the use of semistructured data, toqpreshave arisen about
the effective storage and management of semistructured ldethe relational database
area, algorithms have been de ned to transform a relatisclaéma from one form to a
more suitable form, using algorithms such as normalizaton these algorithms have
been shown to preserve certain semantics. Many data mgdaliguages [1-4] for

semistructured data have been introduced to capture meagedesemantic informa-

tion. The Object Relationship Attribute model for Semistured data (ORA-SS) [5,

6] is a semantically enriched graphical notation for deisigrand representing semi-
structured data [6—9]. The ORA-SS data model not only resegbe nested structure



of semistructured data, but also distinguishes betweestbblasses, relationship types
and attributes. The main advantages of ORA-SS over otharrdatlels are its ability
to express the semantics that are necessary for desigrfewivd storage and man-
agement algorithms, such as the degree of an n-ary relatfphge, and distinguish
between the attributes of relationship types and the at&#of object classes. This se-
mantic information is essential, even crucial for semidited data representation and
management, but it is lacking in other existing semistnertudata modeling notations.

Semistructured data acts as a hinge technology betweerathexichanged on the
web and the data represented in a database system. Re@amthesn the World Wide
Web has extended to the semantics of web content. More nigahinformation is em-
bedded into the web content, which makes it possible folligéat agent programs to
retrieve relevant semantic as well as structural inforamaltiased on their requirements.
The Semantic Web [10] approach proposed by the World Wide @dgtsortium (W3C)
attracts the most attention. It is regarded as the next ggaerof the web. The Web
Ontology Language (OWL) [11] is an ontology language for teen@ntic Web. It con-
sists of three increasingly expressive sublanguages: OW4, DL and Full. OWL can
provide not only the structural information of the web cartteut also meaningful se-
mantics for the information presented. The aim of this pépty encode the semantics
of the ORA-SS notation into the Web Ontology Language (OWLg antomatically
verify the semistructured data design using the OWL reagatioiol RACER [12].

The reason that we chose OWL to ful | our goal is due to the rafrthe semi-
structured data and its strong connections to web techisdo&emistructured data
is typically represented using eXtensible Markup Langu@{dL). XML is a com-
monly used exchange format in many web and database ajtisatl he introduction
of the Semantic Web is to overcome the structure-only infdgiom of XML, and to
provide deeper semantic meanings to the data on the web. RBeS3 language is a
semantically enriched data modeling notation for desaglsiemistructured data. From
the point of capturing more semantic information in contepiresentation, OWL and
ORA-SS are two approaches that ful | the same goal, wherddiraer is rooted from
the web community and the latter has its basis in the datad@senunity. Thus it is
natural to explore the synergy of the two approaches. We\eethat semantic web and
its reasoning tools can contribute greatly to the veri oatphase of the semistructured
data design.

In this paper, we propose a methodology to validate sencistred data design
using OWL and its reasoner RACER. Fig. 1 shows the overallgg®of our approach.
Firstly, we de ne an ontology model of the ORA-SS data mauglanguage in OWL.
It provides a rigorous semantic basis for the ORA-SS grabliatation and enables us
to represent any ORA-SS data model and its instances in OWthéfmore, RACER
is used to perform the automated veri cation of the correstin a semistructured
data design. Our approach is able to provide automatic stem&ly checking on large
semistructured data models and their instances. Some ¢éesamne shown through out
the paper to illustrate the reasoning process. To our krdmyelehis is the rst attempt
of providing automatic reasoning support for semistriedudtata.

A major concern in designing a good semistructured data masieg ORA-SS
for a particular application is to reveal any possible irgistencies at both the schema



Fig. 1. The overall approach to validate semistructured data using OWL.

and instance levels. Inconsistencies at the schema lagelifia customized ORA-SS
schema model does not conform to the ORA-SS notation. ligtensies at the instance
level arise if an XML document is not consistent with its OR& schema de nition.
For example, an inconsistency that might arise at the schevehis the speci cation
of a ternary relationship between only two object classesingonsistency that might
arise at the instance level is a many to many relationshipd®t elements when a
one to many relationship is speci ed in the schema. Theseasyects of validation
are essential in the semistructured data design process, Tie provision of formal
semantics and automated reasoning support for validatiRéy-SS semistructured data
modeling is very bene cial.

The remainder of the paper is organized as follows. Sectioie?y introduces the
background knowledge for the semistructured data modédinguage ORA-SS, Se-
mantic Web ontology language OWL and its reasoning tool RACEdRtion 3 presents
OWL semantics of the ORA-SS notation and its data modelsidedtdemonstrates
a case study on a complete ontology reasoning process fifyimgrsemistructured
data design. Examples of both class-level reasoning arndnios-level reasoning are
presented. Section 5 concludes the paper and discussesutework.

2 Background

2.1 The ORA-SS data modeling language

The Object Relationship Attribute model for Semistructldata (ORA-SS) data mod-
eling language [5, 6] consists of four basic concepts: dhjtsss, relationship type,
attribute and reference. It represents these conceptsghifour diagrams: schema di-
agram, instance diagram, functional dependency diagrahintieritance diagram. We
will focus on the schema and instance diagram in this papeeshey are suf cient for
our purposes. A full description of the ORA-SS data modelamguage can be found
in [5, 6].
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Fig. 2. The ORA-SS Schema Diagram of a Course-Student data model.

— An object class is like an entity type in an ER diagram, asclasin object-oriented
diagram or an element in an XML document. The object claseesepresented as
labeled rectangles in an ORA-SS diagram.

— A relationship type represents a nesting relationshiprenabject classes. It is de-
scribed as a labeled edge by a tuplarfe, n, p, c), where thename denotes the
name of relationship type, integarindicates degree of relationship typerepre-
sents participation constraint of parent object classlatinship type and repre-
sents participation constraint of child object class imtiehship type.

— Attributes represent properties and are denoted by ldlogiele. An attribute can be
a key attribute which has a unique value and is representadlisl circle. Other
types of attributes include single valued attribute, rautiued attribute, required
attribute, composite attribute, etc. An attribute can beop@rty of an object class or
a property of a relationship type.

— An object class can reference another object class to medeaisive and symmetric
relationships, or to reduce redundancy especially for manyany relationships. It
is represented by a labeled dashed edge.

For the design of semistructured data, an ORA-SS schemaadiacpnstrains the
relationships, participations and cardinalities amorgitistances of the object classes
in a semistructured data model. For example, Fig. 2 reptesenORA-SS schema di-
agram of aCourse-Student  data model. In the diagram, eacburse hascode ,
title , exam venue as its attributes. A relationship types , which indicates the
relationship betweeneourse object class andstudent object class is binary, and
each course consists of 4 to many students and each studestleat 3 to 8 courses.
The student object class in thes relationship type has a reference pointing to its
complete de nition. Thegrade attribute is an attribute belonging to the relation-
ship type. Based on the above schema de nition, two levelabdflation can be carried



out. Firstly, consistency checking can be performed tordetee whether the de ned
schema model is correct with respect to the ORA-SS langugemondly, consistency
checking can be performed to determine whether a particngance of semistruc-
tured data satis es the de ned ORA-SS schema model. Hent@aated tool support
for validating the consistency in an ORA-SS data model waaldhighly desirable.

2.2 Semantic Web — OWL and RACER

Description logics [13] are logical formalisms for repreg8eg information about knowl-
edge in a particular domain. Itis a subset of rst-order jicate logic and is well-known
for the trade-off between expressivity and decidability.

Based on RDF Schema [14] and DAML+OIL [15], the Web Ontolognguage
(OWL) [11] is the de facto ontology language for the SemantebWt consists of three
increasingly expressive sublanguages: OWL Lite, DL and RWL DL is very expres-
sive yet decidable. As a result, core inference problensghaconcept subsumption,
consistency and instantiation, can be performed fully matically. In OWL, concep-
tual entities are organized as classes in hierarchiewvithdil entities are grouped under
classes and are called instances of the classes. Classeslaittlials can be related by
properties. Table 1 summarizes the “DL syntax” used in thieviang sections. Inter-
ested readers may refer to [11] for full details.

Table 1. Summary of OWL syntax used in the paper

Notation Explanation

>=? Super class/sub class of every class
N1 v N2 N1 is a sub class/property df,
Ci=0GC Class equivalence

Ciu =t C, [Classintersection/union
1Pv C Domain of propertyP is classC
>v8 P.C Range ofP isC
>v 1P PropertyP is functional
P, =( P1) |PropertyP; is inverse ofP;
8=9P:C allValuesFrom/someValuesFrom restriction, giving the clasg that
for every instance of this class that has instances of progg[ty
the values of the property are all/some members of the €lass
= nP|Cardinality restriction, the class each of whose instances mapped
by propertyP forms a set whose cardinality must be exactly/less
than/greater than

RACER, theRenamedh\Box andConceptExpressiorReasoner [12], is a reasoning
engine for ontologies languages DAML+OIL and OWL. It implernteea TBox and
ABox reasoner for the description loghd. CQHI g+ (D) [12]. It is fully automated
for reasoning over OWL Lite and DL ontologies.



3 Modeling ORA-SS Data Model in OWL

In this section, we show the modeling of ORA-SS schema antdrios diagrams as
OWL ontologies in three parts. Firstly, we de ne the ORA-SS$adogy in Section 3.1,
which contains the OWL de nitions of essential ORA-SS conseguch as object class,
relationship type, etc. Secondly, in the next four subsestiwe show how individual
schema diagram ontology can be constructed based on the &3Réntology and its
XML representation. Finally, in Section 3.6, we show how OGRS instance diagrams
can be represented in OWL.

Our modeling approach can be regarded as a methodologydatimg the OWL
representation of ORA-SS diagrams. By strictly followihgstmethodology, a lot of po-
tential modeling errors can be avoided, which will becomeeravident as we present
the approach below. To effectively illustrate the modelapproach, the schema dia-
gram in Fig. 2 is used as a running example.

3.1 The ORA-SS Ontology

The ORA-SS ontology contains the OWL de nitions for ORA-SS concepts such as
object class, relationship type, attribute, etc. We willdabthese de nitions as OWL
classes. The basic assumption here is that all named OWlLleslass by default mu-
tually disjoint, which is implied in the ORA-SS diagrams sEatial properties are also
de ned in the ontology. This ontology, with a namespacerai-ss , can be used later
to de ne ontologies for ORA-SS schema diagrams.

Entities As each object class and relationship type can be assogidtedttributes and
other object classes or relationship types, we de ne an OVaEsEINTITYto represent
the super class of both object class and relationship type.QWL class structure is
shown as follows.

ENTITYv > ATTRIBUTEv >
OBJECTv ENTITY ENTITYu ATTRIBUTE= ?
RELATIONSHIR ENTITY OBJECTu RELATIONSHIP= ?

It may not seem very intuitive to de ne relationship type<34/L classes. In ORA-
SS, relationship types are used to relate various objessetaand relationship types, it
might be natural to model relationship types as OWL propertiowever, there are two
reasons that we decide to model relationship types as OWkedaFirstly, the domain
of ORA-SS relationship types can be relationship types #adves, which describes
the relationships of ternary and more. Secondly, classgpaperties in OWL DL are
disjoint. In our model, an OWL relationship type class cotssig instances which are
actually pointers to the pairs of object classes or relatigntypes that this relationship
relates.

! Due to the space limit, only part of the ORA-SS OWL semantics are presiertieel paper. A
complete ORA-SS ontology can be foundhép://www.comp.nus.edu.sg/ ~ liyf/
ora-ss/ora-ss.owl



As ORA-SS is a modeling notation for semistructured datapeed to cater for
unstructured data. We de ne a subclas®adTRIBUTEcalledANY as a place holder to
denote any unstructured data appearing in a model. In ORAxB@mposite attribute is
an attribute composed of other attributes. We also de ne & subclass ATTRIBUTE

ANYv ATTRIBUTE CompositeAttributey ATTRIBUTE
ANYu CompositeAttributes ?

Properties A number of essential properties are de ned in tia-ss  ontology.

1. Properties among entities
In ORA-SS, object classes and relationship types are ietated to form new re-
lationship types. As mentioned above, since we model o#lakiip types as OWL
classes, we need additional properties to connect varibjestoclasses and rela-
tionship types.
Firstly, this is accomplished by introducing two object-propesjarentandchild,
which map aRELATIONSHIPto its domain and rangéNTITYs. The following
statements de ne the domain and rang@afentandchild. As in ORA-SS, the do-
main of a relationshippareny can be either an object class or another relationship
type, i.e., arENTITY. The range ¢hild) must be arOBJECT. These two proper-
ties are functional as one relationship type has exactlydmmeain and one range
node. Moreover, we assert that only relationship types eae parents and child
but object classes cannot.

1 parentv RELATIONSHIP 1childv RELATIONSHIP
>v 8 parentENTITY >v 8 child:OBJECT
>v  1parent >v  1child
OBJECTv: 9 parent> RELATIONSHIR/ 8 parentENTITY
OBJECTv: 9 child:> RELATIONSHIR/ 8 child:OBJECT

Secondlywe de ne two more object-propertigs:ENTITY-OBJEC&ndp-OBJECT-ENTITY
These two properties are inverse of each other and they asrthee super proper-
ties of the properties that are to be de ned in later ontasgif ORA-SS schema
diagrams. Those properties will model the restrictionsdsga on the relationship

types.
The domain and range @FENTITY-OBJECBre ENTITY and OBJECT, respec-

tively. Since the two properties are inverse, the domairrande ofp-OBJECT-ENTITY
can be deduced.
p-OBJECT-ENTITY¥ ( p-ENTITY-OBJECY
1p-ENTITY-OBJECWV ENTITY 1 p-OBJECT-ENTITY OBJECT
>v 8 p-ENTITY-OBJECTOBJECT >v 8 p-OBJECT-ENTITXENTITY

ENTITYv 8 p-ENTITY-OBJECTOBJECT OBJECTvV 8 p-OBJECT-ENTITXENTITY



2. Properties between entities and attributes
First of all, we de ne an object-properthyas-ATTRIBUTEwhose domain iENTITY
and range iIATTRIBUTE EveryENTITY must haveATTRIBUTEas the range of
has-ATTRIBUTE

1 has-ATTRIBUTE ENTITY ENTITYv 8 has-ATTRIBUTEATTRIBUTE
>v 8 has-ATTRIBUTEATTRIBUTE

For modeling the ORA-SS candidate and primary keys, we déwm new ob-
ject properties that are sub-propertiehas-ATTRIBUTEWe also make the prop-
erty has-primary-keyinverse functional and state that edeNTITY must have at
most one primary key. Moreover, we restrict the rangbas-candidate-keto be
ATTRIBUTE

has-candidate-key has-ATTRIBUTE has-primary-key has-candidate-key
>v 8 has-candidate-kepTTRIBUTE >v  1has-primary-key

ENTITYv 1has-primary-key

3.2 Objectclasses

In this subsection, we present how ORA-SS object classesch@ma diagram are rep-
resented in OWL. Moreover, we will discuss how object clagsresmcing is modeled.

Example 1.The schema diagram in Fig. 2 contains a number of objectesdss

coursev OBJECT tutorv OBJECT
studentv OBJECT sport.clubv OBJECT
hostelv OBJECT homev OBJECT

Referencing In ORA-SS, an object class can reference another objed wagfer to
its de nition, which we say that seferenceobject class referencegeferencedbject
class. In our model, we model tmeferenceobject class a sub class of theferenced
object class. If the two object classes are of the same ndmmeeterence object class
is renamed. By doing so, we ensure that all the attributege@ationship types of the
referenced object classes are reachable (meaningfuB.tNat there are no disjointness
axioms among the reference and referenced object classes.

Example 2.In Fig. 2, the object class student is referenced by objeskels student and
member. Hence, we rename the reference studestuttent1 and add the following
axioms in to the model.

studentv OBJECT studentl v student member student

2 For brevity reasons, the class disjointness statements are not showhdre and onwards.



3.3 Relationship types

In this subsection, we present the details of how ORA-SSiogiship types are modeled
in OWL. Various kinds of relationship types, such as disjiugctelationship types and
recursive relationship types are also modeled. We begin avitexample to show the
basic modeling of relationship types.

Example 3.Fig. 2 contains 5 relationship types.

csv RELATIONSHIP ~ smv RELATIONSHIP  cstv RELATIONSHIP
shv RELATIONSHIP  cpv RELATIONSHIP

The relationship typesis bound by theparentchild properties as follows. We use
both allValuesFrom and someValuesFrom restriction to nsake that only the intended
class can be the parent/child claseef

csv 8 parentcourse csv 8 child:student1
csv 9 parentcourse csv 9 child:student1

Auxiliary properties As discussed in Section 3.1, for each ORA-SS relationslmp ty
we de ne two object-properties that are the inverse of eahbro

Example 4.Takecsas an example, we construct two object-properpesourse-student
andp-student-courseT heir domain and range are also de ned.

p-student-course ( p-course-student
p-student-coursg p-ENTITY-OBJECT
p-student-coursg p-OBJECT-ENTITY

1 p-course-student course 1 p-student-coursg studentl
>v 8 p-course-studergtudent1 >v 8 p-student-courseourse

Participation constraints One of the important advantages that ORA-SS has over
XML Schema language is the ability to express participatiomstraints for parent/child
nodes of a relationship type. This ability expresses thdigality restrictions that must
be satis ed by ORA-SS instances.

Using the terminology de ned previously, ORA-SS parenttijggpation constraints
are expressed using cardinality restrictions in OWL on amaperty ofp-ENTITY-OBJECT
to restrict the parent clagat. Child participation constraints can be similarly modeled
using a sub property gi-OBJECT-ENTITY

Example 5.In Fig. 2, the constraints captured by the relationship typestate that a
course must have at least 4 students; arstadent must take at least 3 and at most
8 courses. The following axioms are added to the ontologg. tWo object-properties
de ned above capture the relationship type betweemrse andstudent

coursev studentl1 v 8 p-student-courseourse
8 p-course-studergtudent 1 studentlv 3 p-student-course
coursev 4 p-course-student studentlv 8 p-student-course



Disjunctive relationship types In ORA-SS, a disjunctive relationship type is used to
represent disjunctive object classes, where only one tb@tbe selected from a set
of object classes. To model this in OWL, we will create a dumiiag€ as theinion

of the disjoint classes and use it as the range of the objeptepty representing the
relationship type. Together with the cardinality consttéinat exactly one individual of
the range can be selected, the disjunctive relationshgpdgn be precisely modeled.

Example 6.In Fig. 2,shis a disjunctive relationship type where a student mustitive
exactly one hostel or one home, but not both. We use the follp®@WL statements to
model this situation. Note that-student-shis an object-property that magsudentto
its range clashome hoste| which is the union ohostelandhome

hostelv OBJECT homev OBJECT hostelu home= ?
home.hostelv OBJECT home hostel= hostelt home
1 p-student-slv student >v 8 p-student-sthosteLhome

Given the above de nitions, the disjunctive relationshipe shin the schema dia-
gram can be modeled as follows.

studentv 8 p-student-sthosteLhome student = 1 p-student-sh

Recursive relationship types Recursive relationship types in ORA-SS are modeled
using referencing. In our model, by de ning the referencgeobclass as a sub class
of the referenced object class, recursive relationshipgygan be modeled as a regular
relationship type.

Example 7.Fig. 2 depicts such a recursive relationship type whem@uaseobject class
has at most prerequisiteobjects, whereasprerequisitemust have at least orm@urse
This can be modeled as follows.

coursev > prerequisitev course
1 p-course-prerequisite course >V 8 p-course-prerequisitprerequisite
p-prerequisite-course ( p-course-prerequiside

coursev prerequisitev
8 p-course-prerequisitprerequisite 8 p-prerequisite-courseourse
coursev  5p-course-prerequisite  prerequisitev 1 p-prerequisite-course

3.4 Attributes

The semantically rich ORA-SS model notation de nes manydkiof attributes for ob-
ject classes and relationship types. These include caedaha primary keys, single-
valued and multi-valued attributes, required and optiatizibutes, etc. In this subsec-
tion, we will discuss how these attributes can be modeled.



Example 8.The schema diagram in Fig. 2 generates the following OWL ek$sr
attributes.

codev ATTRIBUTE gradev ATTRIBUTE
titte v ATTRIBUTE studentnumberv ATTRIBUTE
examvenuev ATTRIBUTE sportv ATTRIBUTE

Modeling various de nitions As OWL adopts the Open World Assumption [11] and
an ORA-SS model is closed, we need to nd ways to make the OWLahoapture the
intended meaning of the original diagram. The following soene modelingricks.

— For eactENTITY, we use arallValuesFronrestriction orhas-ATTRIBUTEver the
union of all theATTRIBUTEclasses thiENTITYhas in the ORA-SS model to denote
the complete set of attributes it holds.

Example 9.In the running example, the object claadenthas student number and
name as its attributes.

studentv 8 has-ATTRIBUTHstudentnumbert namg
— Each entity (object class or relationship type) can havaraber of attributes. For
each of the entity-attribute pairs in an ORA-SS schema diagwe de ne an object-
property, whose domain is the entity and range is the at&ilitor an entityfentand
its attributeAtt, we have the following de nitions.

has-Ent-Attv has-ATTRIBUTE >v 8 has-Ent-AttAtt
1 has-Ent-Attv Ent

Example 10.In Fig. 2, the object classport clubhas an attribute name. It can be
modeled as follows.
1 has-sportclub-namev sport_club has-sportclub-namev has-ATTRIBUTE
>v 8 has-sportclub-namename sport_clubv 8 has-sportclub-namename

Required and optional attributes We use cardinality restrictions of respective object-
properties on the owningENTITY to model the attribute cardinality constraints in the
ORA-SS model. The default is (0:1). We use a cardinalityl restriction to state a
required attribute.

Example 11.Take sport club as an example again, it can have 0 or 1 sport.

sportclubv 1 has-sportclub-sport

Single-valued vs. multi-valued attributes Single-valued attributes can be modeled by
specifying the respective object-property as functioNallti-valued attributes, on the
contrary, are not functional. An attribute is by defaultgdenvalued.

Example 12.In Fig. 2, object tutor has a single-valued attribute namgs Tan be
modeled as follow.
1 has-tutor-namey tutor has-tutor-nammamev has-ATTRIBUTE
>v 8 has-tutor-nammame >v  1has-tutor-name



Primary key attributes For an entity with a primary key attribute, we use alir
ValuesFronrestriction on the propertiias-primary-keyto constrain it. Since we have
speci ed thathas-primary-keys inverse functional, this suf ces to show that two dif-
ferent objects will have different primary keys.

Example 13.In Fig. 2, object clasgoursehas an attributeodeas its primary key
and this is modeled as follows. ThasValuesFrom restriction enforces that each
individual must have someodevalue as its primary key.

coursev 8 has-primary-keycode coursey 9 has-primary-keycode

Disjunctive attributes Similar to the treatment of disjunctive relationship types
create a class as thmion of a set of disjunctive attribute classes. Together with the
cardinality 1 restriction, disjunctive attributes can be represente0WiL.

Example 14.In Fig. 2, coursehas a disjunctive attribute exam venue, which is either
lecture theater or laboratory. It can be modeled as follows.

lecture theatrev ATTRIBUTE lecture_theatreu laboratory= ?
laboratoryv ATTRIBUTE examvenue= lecture_theatret laboratory
examvenuev ATTRIBUTE

coursev 8 has-course-examenueexamvenue
coursev 1 has-course-examenue

Fixed-value attributes A xed-value attribute is one whose value is the same forgver
instance and cannot be changed. To model this, we de ne thibué to be an OWL
class that has only one instance. Suppose that the ali)ebtis a xed-value attribute
attr, whose value isttr_val. The OWL ontology will then contain the following state-
ments.

objv OBJECT has-obj-attrv has-ATTRIBUTE
attr v ATTRIBUTE 1 has-obj-attrv obj
attr_val 2 attr >v 8 has-obj-attrattr

attr = fattr_valg

3.5 Presenting Schema Diagrams in OWL

In the previous subsections, we presented some of the fatenaitions of ORA-SS
language constructs in OWL. Part of the ontology (in OWL XML &) of the ORA-
SS schema diagram in Fig. 2 is shown below. Note that becavdeldas XML syntax
as its presentation form, further automated transformatol can be easily developed
to assist the translation from ORA-SS data models into ttwiresponding OWL rep-
resentations.



<owl:Class rdf:about="#student">
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource="http://www.comp.nus.ed u.sg/
“liyf/ora-ss/ora-ss.owl#has-primary-key"/>
<owl:someValuesFrom rdf:resource="#student_number"/>
</owl:Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf>
<owl:Restriction>
<owl:maxCardinality rdf:datatype=
"http:/lwww.w3.0rg/2001/XMLSchema#int">1
</owl:maxCardinality>
<owl:onProperty>
<owl:FunctionalProperty rdf:ID="has-student-student_ number"/>
</owl:onProperty>
</owl:Restriction>
</rdfs:subClassOf>

In the next section, we show how to model ORA-SS instanceraimag using OWL
individuals based on the classes, properties de ned in W& Gchema ontology.

3.6 Instance Diagrams in OWL

The representation of ORA-SS instance diagrams in OWL isaégstiforward task. As
the name suggests, instance diagrams are semistructueethstances of a particular
ORA-SS schema diagram. The translation of an instanceatiatwy an OWL ontology
is done by the following 3 steps:

1. De ning individuals and stating the membership of thes@ividuals, by declaring
them as instances of the respective OWL classes of objeskedaelationship types
and attributes de ned in the schema diagram ontology.

. For each OWL class, we state that all its instances areelifférom each other.

3. By making use of the object-properties de ned in the schellmagram ontology, we

state the relationships among the individuals.

N

This is best illustrated with an example. We create an irgtamtology for the
schema ontology de ned in Fig. 2. In this paper, we use a tédi®@ to illustrate the
ORA-SS OWL instances. This is just for the sake of easy reptagen. Actual ORA-
SS instances are de ned in the ORA-SS instance diagramsransformed into their
corresponding OWL representations in XML.

— In Table 2 below, we give a brief overview of the individuafeler respective object
classes.

— Next, we de ne the instances of various attributes of Figa Zable 3 listed in the
appendix.

3 Due to the space limit, the OWL de nitions of the individuals of the schema diagn Fig. 2
will not be shown.



Table 2.Instances of various objects of Fig. 2

Object Instances

course coursel, course2, course3, course4
student studentl, student 2, ..., student8
prerequisitel coursel, course2, course3, course4
home home1l, home2

hostel hostell, hostel2, hostel3

tutor tutorl, tutor2, tutor3

sport club | clubl, club2, club3

member studentl, ..., student6

— Having de ned all the instances of objects and attributkes,iext step is to relate
them. We proceed by populating various memberships. IneTélisted in the ap-
pendix, we show the pairs of instances related by eachoakttip type in Fig. 2.
It is worthwhile pointing out that ternary or higher-degreéationships are viewed
as pairs of pairs. Also note that for brevity reasons, we refiér to the members
of relationships such ass cstandsmascsl,; ::; c24, cstl; ::.cs24 andsni; ::snb
respectively.

— The last task in modeling this instance diagram in OWL is toeisgée object
classes and relationship types to the attributes. We shevingtances of object
classes and relationship types of Fig. 2 in Table 5 listethénappendix. Note that
attributes whose names are in italic and bold fonts are pyifey attributes.

By following the above steps, we can easily represent an G8Aastance diagram.
With the constraints de ned in the OWL schema ontology, weadnle to perform fully
automated reasoning over these instances (OWL individuadsiietailed in the next
section of the schema example in Fig. 2.

4 Reasoning About ORA-SS Data Models

In this section, we demonstrate the validation of ORA-S&s@hand instance diagrams
using OWL and RACER. We will again use Fig. 2 as the running gtam

4.1 Validation of Schema Diagram Ontologies

In order to ensure the correctness of an ORA-SS schema diagraumber of proper-
ties have to be checked, such as:

— The parent of a relationship type should be either a relakip type or an object
class, where the child should only be an object class.

— The parent of a higher-degree relationship type (highear ) must be a relationship
type.

— The child participants of a disjunctive relationship tygreattribute must be a set of
disjunctive object classes or attributes.



— A composite attribute or disjunctive attribute has anlaite that is related to two or
more sub-attributes.

— A candidate (primary) key attribute of an object class ningsselected from the set
of attributes of the object class.

— A composite key is selected from 2 or more attributes of geatlelass.

— An object class or relationship type can have at most omeguyi key, which must be
part of the candidate keys.

— Relationship attributes have to relate to an existingimiahip type.

— An object class can reference one object class only, bubpattoclass can be refer-
enced by multiple object classes.

The above are some of the criteria for validating a schengraia against the ORA-
SS notation. To manually check the validity of a given scheliagram against these
constraints is a highly laborious and error-prone task. @lpding the methodology
presented in this section systematically, potential Yiofes of the above constraints can
be avoided. This is because the formal semantics of the OWjukege allows precise
speci cations to be expressed.

Fig. 3. Schema inconsistency detected by RACER



Moreover, highly ef cient OWL reasoners such as RACER canckhbe consis-
tency of ORA-SS schema diagrams in OWL fully automaticalty &ample, suppose
that in Fig. 2, the child of relationship tysis mistakenly associated with a relation-
ship typecstinstead of the reference object clagadentl1. This error can be picked
up by RACER automatically, as shown in Fig. 3. Three classgg;st andtutor are
highlighted as inconsistent. It is inconsistent becaugh st andtutor are related to
csusing existential or cardinality restrictions. Other tgpé checking can be similarly
performed.

4.2 Validation of Instance Diagram Ontologies

The ORA-SS instance validation is de ned to check whetherdhare any possible
inconsistencies in a semistructured data instance, winek¥Md. document should be
consistent with regard to the designated ORA-SS schemaadiadPossible guidelines
for validating an ORA-SS instance are as follow.

— Relationship instances must conform to the parent paaiidp constraints, e.g.,
the number of child objects related to a single parent olgerlationship instance
should be consistent with the parent participation comggaand the number of
parent objects or relationship instances that a singlel diiject relates to should
be consistent with the child participation constraints.

— In a disjunctive relationship, only one object class candbected from the disjunc-
tive object class set and associated to a particular parstatrice.

— For a candidate key (single or composite), its value shoualduely identify the
object that this key attribute belongs to.

— Each object can have one and only one primary key.

— All attributes have their own cardinality and the number tfilutes that belong
to an object should be limited by the minimum and maximum icaldy values of
the attribute.

— For a set of disjunctive attributes, only one of the attrbcitoices can be selected
and associated to an object instance.

These are some of the criteria of instance level validat®®nen an XML instance
le, we rst map it into corresponding ORA-SS instance repeatation and check the
consistency of the content in the document against its OBAs&hema de nitions.
After transforming an ORA-SS instance diagram into an OWlokgy 4, validation
of the consistency of the instance ontology can be done &uitpmatically by invoking
ontology reasoners capable of ABox reasoning. We will us€RR to demonstrate the
checking of the above ontology using a few examples.

— Entity/attribute cardinality constraints
In the schema ontology, each instance of relationship tgpbas exactly onéutor.
Suppose that in the instance ontolofpourse; studen} has bothtutorl andtutor2
as the child for the relationship typst

4 A transformation tool has been proposed to automatically translate an $Réata model
into its corresponding OWL representation.



hesl; tutorli2 p-cs-tutor hesl; tutor2i2 p-cs-tutor

By using RACER, the instance ontology is detected to be isistent, as shown in
Fig. 4.

Fig. 4. Inconsistency found by RACER

— Primary key related properties
Suppose that by accident, two studestsdend andstudenb, are both assigned to
the same student number.
hstudernd; studentnumber 4i hstudenb; studentnumber 4i
2 studentnumber 2 studentnumber

Similarly, RACER instantly detects the inconsistency.

It should be noted that RACER, and other OWL reasoners, cartelhthat whether
an instance ontology is consistent or asta whole However, it is not capable of locat-
ing which individual caused the inconsistency. Hence, veppse an interactive process
of developing instance ontologies in OWL. It involves itéraly creating individuals,
linking them using various properties and checking the isbaiscy of the ontology
on-the- y using RACER. Although such process may sound \abprious and time-
consuming, RACER is highly ef cient and it can check the detency within seconds.
Hence this process is feasible.

5 Conclusion

In this paper, we explored the synergy between the Semareticaivd the database mod-
eling approaches in the context of validating semistrectutata design. We demon-



strate the approach of using OWL and its reasoning tool fosistency checking of
the ORA-SS data model and its instances. The advantages afppwach lie in the
following aspects. Firstly, we de ned a Semantic Web ongglonodel for the ORA-SS
data modeling language. It not only provides a formal seindmt the ORA-SS graph-
ical notation, but also demonstrates that Semantic Welukges such as OWL can be
used to capture deeper semantic information of semistedata. Furthermore, such
semantics can be adopted by many Semantic Web applicatiahsise the ORA-SS
semistructured data model. Secondly, an ontology reagdoil was adopted to per-
form automated validation of a semistructured data modet. RACER reasoner was
used to check the consistency of an ORA-SS schema modelsaanssiances. We il-
lustrated the various checking tasks througbaarse-Student  example model. In
our previous work, we used the Alloy Analyzer for the validatof the ORA-SS data
model. The main advantage of our current OWL approach oveiighthat consistency
checking on large ORA-SS data models are made feasible gasfdahe shortcomings
of the current Alloy Analyzer is its limited abilities on vfing large-scale models.

In the future, we plan to develop a visual environment fotiediand auto-generation
of ORA-SS data models into their corresponding OWL reprezimt for machine ver-
i cation. In addition, we plan to extend the current semesitof ORA-SS in OWL to
investigate normalization issues in semistructured dessgd. The normal form of the
ORA-SS data model for designing semistructured databasebden proposed in [9].
We would like to verify whether the semantics of a normalizedema is the same as
its original form, showing whether a normalization alglonit changes the semantics of
the schema during the transformation process.
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Appendix

Table 3.Instances of various attributes of the ORA-SS schema diagram in Fig. 2

Attribute Instances

code CS1101, CS1301, MA1102, CS2104

title “Java Programming”, “Computer Architecture”, “Calculus”, "Pfro-
gramming Languages”

lecture threater LT27,LT34, LT8

laboratory SR6, PL1, PL2

grade A, B,C,D,F

student number | stuno 1, stu no2, stu no3, ..., stuno 8

name (student) Jim, Gill, Mike, Rudy, Martin, Shirley, Tracy, Keith

number (home) | 20-22, 6-7

street name (home)Sunset Avenue, Avenue George V

name (hostel) KR, SH, KEVII

staff number stfno 1, stfno 2, stftno 3

name (staff) J-Sun, G-Dobbie, M-Jacksoon

preferred area RE, SE, FM, DB, Network, Grid, SW

feedback positive, negative, neutral

name (sport club)| yachting club, boxing club, tennis club

sport yachting, boxing, tennis

join date aug-02-2002, jan-25-2003, may-15-2003, oct-01-2003, dec-3
2004, jul-19-2005




Table 4.Instances of relationship types of the ORA-SS schema diagram in Fig. 2

Relationship| Members

cs (coursel, studentl), (coursel, student2), (coursel, student3),
(coursel, student4), (coursel, student5), (coursel, student6),
(coursel, student7), (coursel, student8), (course2, student5),
(course2, student6), (course2, student7), (course2, student8),
(course2, studentl), (course2, student2), (course2, student3),
(course2, studentd), (course3, studentl), (course3, student3),
(course3, student5), (course3, student7), (course4, student2),
(course4, student4), (course4, student6), (course4, student8)

cp (course4, coursel)

sh (studentl, homel), (student2, home2), (student3, hostell), (stu-
dent4, hostel2), (student5, hostel3), (student6, homel), (student?,
hostel), (student8, hostel2)

cst ((coursel, studentl), tutorl), ((coursel, student2), tutor2),
((coursel, student3), tutor3), ((coursel, student4), tutorl),
((coursel, student5), tutor2) ((coursel, student6), tutor3),
((coursel, student?7), tutorl), ((coursel, student8), tutor2),
((course2, student5), tutor3), ((course2, student6), tutorl),
((course2, student7), tutor2), ((course2, student8), tutor3),
((course2, studentl), tutorl), ((course2, student2), tutor2),
((course2, student3), tutor3), ((course2, student4), tutorl),
((course3, studentl), tutor2), ((course3, student3), tutor3),
((course3, student5), tutorl), ((course3, student7), tutor2),
((course4, student2), tutor3), ((course4, student4), tutorl),
((course4, student6), tutor2), ((course4, student8), tutor3)

sm (clubl, studentl), (clubl, student3), (club2, student2), (club2| stu-
dent4), (club3, student5), (club3, student6)




Table 5. Attribute values associated with the objects and relationships in Fig. 2

[Entity ] Attribute association |
instances code title exam venue
coursel| CS1101| “Java Programming” LT27

course course2| CS1301| “Computer Architecture” | LT34
course3| MA1102| “Calculus” LT8
course4| CS2104| “Programming Languages”SR6
instances name student number
studentl Jim stu nol
student2 Gill stu no2
student3 Mike stu no3
student student4 Rudy stu no4
student5 Martin stuno 5
student6 Shirley stu no 6
student7 Tracy stuno7
student8 Keith stuno 8
instances| grade || instances| grade || instances| grade
csl A cs2 B cs3 B
cs4 C csb C cs6 B
cs7 A cs8 F cs9 B
cs cs10 D csll C csl2 B
csl3 B csl4 B cs15 F
cs16 A csl7 C cs18 D
cs19 C cs20 D cs21 A
cs22 B cs23 B cs24 A
instances number street name
home homel 20-22 Sunset Avenue
home2 6-7 Avenue George V
instances name
hostel hostell KR
hostel2 SH
hostel3 KEVII
instances | staff number name preferred area
tutor tutorl stfnol J-Sun. SE, RE, FM, SW
tutor2 stf no2 G-Dobbie | SE, DB, Network
tutor3 stfno 3 M-Jackson RE, SE, Grid
instanced feedback instanced feedback instance$ feedbacl
cstl positive cst2 neutral cst3 neutral
cst4 neutral cstb neutral cst6 neutral
cst7 positive cst8 negative| cst9 neutral
cst cstl0 | negative| cstll neutral cstl2 | neutral
cstl3 neutral cstl4 neutral cstl5 | negative
cstl6é | positive|| cstl7 | neutral cstl8 | negative
cst19 neutral cst20 | negative| cst21 | positive
cst22 neutral cst23 neutral cst24 | positive
instances name sport
clubl yachting club yachting
sport cluf club2 boxing club boxing
club3 tennis club tennis
instances join date instances join date
sm sml aug-02-2002 sm2 may-15-2003
sm3 jan-25-2003 sm4 oct-01-2003
sm5 jul-19-2005 sm6 dec-31-2004




