manually assigning an appropriate policy with each document version is, in many
cases, a corplex and error-prone task. The proposed framework, therefore, incorpo-
rates facilities to model interrelationships between authorization and version man-
agement and to automate such a compiex process.

pelicy

Folicy Version Auociation

2. RDF schema for policy and version association.

<Policy_Version_association>
<policy rdf:resource="#piTf>
<version  rdf;resource="#d1.17 >
<fPolicy_Version_Association>

b. Exampie: associating policy p) to the document version gy,

Fig. 4. Policy-version-association schema and example.

| |<, ____________ .l " ’ d;  document version f
dy document version /, a successive version of o)

P policy document version
Ady, === * Agpn pa. policy document version »
v - 4dy: modification applied to 4, to obtain o,
| d; l o P Apm - modification applied to p. to obtain p,

Fig. 5. Access and version control interrelationships.

First, consider the modeled interretationships of Fig. 5. Assume that authorization of a
document version d, is regulated by a policy p,. An update Aq); made to 4, resulting in
a newer version d; may lead to a change of its associated policy, i.e., accesses to 4,
will then be regulated by another policy p,. In particular, there are three possible
alternatives to select an appropriate policy for 4, depending on the type of changes
occurred in Adyy
» A user manually defines an appropriate policy p, for dj;
= The system autornatically assigns an existing policy p,, or instantly generates a
new policy p, based on some predefined relationships between Ad;; and Agy, n;
= If the above two cases are not applied, by default d; will be assigned with the
same policy as its previous version 4.
These three methods can be formulated as RDF clauses [1], hence allowing the
framework to determine the appropriate policy for each version based on some prede-
fined application-specific mles.

Definition 3 (Policy-Version-Association Clause) A policy-version-associaticn
clause is represented as an RDF clause of the form H « B, ... , B,, where

* K is an RDF expression describing a derived policy-version-association and
conforming to the schema of Fig. 4-a,



= B, is an RDF expression or an RDF constraint restricting a certain condition on
the derived association, a

As an exampte of a pelicy-version-association clause, consider again the running
example of product catalog document. Suppose that in this scenario, the catalog ver-
sion ¢ is the latest version and is manuatly associated with the policy p, of Fig. 2-a
by a security officer. After that &) is evolved into d,; and 4 ; with Deltas Az, ; and
Ady 1, respectively. The description of version d, , together with Aq; |, are given by
Fig. 3-b. Since d, is evolved into d;, by updating the value of market-clement to
“member customers”, based on the defifition of the policy-version-association clause of
Fig. 6-a, the framework can automatically yield an element of Fig. 6-b. That is, the
access control of document version 4| 5 is regulated by the policy p..

<Policy_Va|’SiOn_Assodatbi12# . # This RDF clause formalizes that
o #  if a document catalog.xm of
«</Policy_Version_Assodation> H# version Y is evolved from ver-
+— <Version rdfabout=45:Y> Hi sion X by changing the value of
rdf: =" xml,
iﬁmm&mmwmm“ﬁ?&%” i‘: market-element 1o “member
<dela> . customers” and that document
<m'<m[‘,d-.u%; o 433““;: > ;j vm?ion X i{;assocli_ated wid}" o
member customers </xd:change> peticy pi, then policy py wi
qu?;é%mWMangs f,f, assigned to the new version Y,
<fdetta>
$E:versionProperties
<fyversion>,

<Policy_Version_Asscciation™
<policy rdf.resource="#p1"/>
<version rdfresource=$5:X/>

</Palicy_Version_Assochation>

a, Policy-version-assaciation clause exampie.
<Policy_Version_Assodations

<poiicy rdfresource="#p2"{>

<version rdf:resource="#d1.2"f>
<fPalicy_Version_Association

b. Derived Policy_Version_Assodation glement,

Fig. 6. Policy-version-association clause.

5 Conclusions

This paper has addressed the problems that arise when access and version controf of
XML documents are handied separately, such as the complexity of designing a single
policy for enforcement of authorization over all versions of a document. To deal with
these problems, a framework which integrates both access and version control
mechanisms has been developed. This unified framework has facilities to handle these
two essential mechanisms effectively and simultaneously. Moregver, because access
control policies and version information themselves can be represented as XML
documents, the framework then provides a complete and uniform solution to easily
manipulating schemas, version information and access control policies of XML
document databases. Further work includes the following issues:

* incorporation of 2 mechanism 1o handle version control over document schemas;



development of an appropriate technique to solve inference problems (i.e., a
situation that allows users to infer certain information about protected data);
in-depth analysis and refinement of the representation of temporal features to
deal with temporal XML document databases and temporal query processing;
application of the framework to XML data warehouses-repositories of data com-
ing from several sources (e.g., web sites) in which many important issues such
as security, consistency and maintenance/querying of history of or changes in
document versions are interwoven; and

implementation of the framework by RDD’s inference engine [3].
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Abstract. Existing approaches to ontology retrieval solely base their search
mechanisms on keyword matching while taxonomic structure is selely used for
ranking purpose. Users, therefore, are not equipped with expressive means to
structurally and semantically describe their oatology needs. To tackle this
problem, this paper develops a framework for Semantic Query based Ontology
Retrieval, namely SQORE. It enables precise formulation of a semanfic query in
order 1o best capture 2 user’ s ontology requirements, which include not oaly
the desired class and property names, but also their relations and restrictions.
SQORE employs XML Declarative Description (XDD} theory as its theoretical
foundation for modeling ontology databases and evaluating semantic queries.
Mareover, similarity score is formally defined as a key metric for ranking the
resuiting ontologies based on Wheir conceptual closeness to the given query.

1 Introduction

The Semantic Web aims to expand the World Wide Web by allowing data to be
shared and reused across applications and communities via ontology {4]. However,
existing ontology search engines primarity base their approaches on search terms
which cannot sufficiently capture the structural and semantic information about the
domain concepts that users want. Swoogle [6, 7] and OntoKhoj [9] implement the
Google's PageRank-like algorithm {3] which creates the rankings based on ontoiogy
referral network. However, this approach is currently inefficient due to the lack of
links among ontologies on the Web. OnroSearch (10} provides several criteria for
usess to evaluate and browse the ontelogies and then uses AKTiveRank [1] as metrics
for ontology ranking based on the taxonomic structure information such as class
names, shortest paths, the linking density and the positions of focused classes in the
ontology. Although 2 large number of ontologies are returned as the result in these
approaches, they are often un-usable because they do not meet user requirements or
otherwise they require tremendous modification efforts, Furthermore, semantic
informatior such as properties and ontological relations (e.g. subClassOf, inverseOf,
equivalentClass, and subPropertyOf) is not considered.

R. Kotagiri et al, (Eds.}: DASFAA 2007, LNCS 4443, pp. 924 - 929, 2007,
© Springer-Verlag Berlin Heidelherg 2007
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This paper develops SQORE - Semantic Query based Ontology Retrieval
framework which allows users 10 structurally and semantically formulate their
ontology requirements in terms of semantic queries. It employs XML Declarative
Description (XDD) itheory [2, 3, 11] as iis theoretical foundation for modeling
ontology databases and evaluating semanlic gueries, which does not oniy facilitate
ontology matching and retrieval, but also support reasoning capability te enhance the
matching results. Moreover, it also ¢nables the use of a semantic lexical database,
such as WordNer [8], for determining semantic relation between two given terms.
Thus, the retrieval performance {precision and recall) can be significantly improved
when compared to a conventional keyword search. In addition, it employs similarity
score to rank the resulting ontologies by focusing on their conceptual closeness to the
formulated semantic query.

Sect. 2 presents SQORE's overview architecture. Sect 3 describes ontology
database modeling and its semantics. Sect. 4 develops an approach to semantic query
formulation and evaluation. Sect. 5 concludes and draws future research directions,

2 SQORE’s System Architecture Overview

Fig. 1 illustraes SQORE's system architecture which comprises four major
components; i) a semantic query, ii) a retrieval engine, iii) an ontology database, and
1v) a semantic lexical database. In essence, the system works as follows: First, a user
formulates and submits a semantic query which precisely captures his/her ontology
requirements. The system then executes such query by semantically evaluating it
against the ontology database, which comprises a collection of ontologies and a set of
rules defining ontology axiomatic scmantics. By incorporating these rules, implicit
information about classes/propertics in a query and an ontology can be derived, and
hence enabling semantic query evatuation. Furthermore, when class/property names
defined in a query and an ontology do not exactly match (=), four possibilities occur:
i) equivalence (=) the two terms are synonym, ii) more general {2): the query term is
broader, iit) less general {C): the ontology term is broader, and iv) unknown (#): the
relation is unknown. To tackie this, a referenced lexical database, such as WordNet
[8), is employed in order to determine their appropriate semantic relation. Finally, the
systemn computes the semantic similarity score between a given query and an
ontology in the collection, which ranges from 0 (strong dissimilarity) to 1 (strong
similarity), and returns as the answer the list of ranked ontologies.

e
)

Ranked onlologies

ia Lexical O

Cnlology Dalabase

= Collaction ol Ontologies

» Aiomatic Semantics ol Calology
Modaling Constrects

)

Fig, 1. SQORE System Aschitecture
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3 Ontology Database Model and Its Semantics

By employment of XDD theory, an ontology formalized in RDF(S) or OWL can
readily and directly become an XDD description. In order 10 determine the meaning
of a particular ontology, formalization of the axiomatic semantics of each
RDF{SYOWL modeling construct is demanded.

£y wowd:Class rdf:resource="PhDStuterd™>
.- adis:subClassO! rdhresourca-"#Studant™/>
LT <lowiiClasss

E;: <owi:Class mif:resource="Student">
f - <rdfs:subClassOl rilrasource ="i Parson®fs
— - <ol Clpgss

<owl:Class rdtresoutce="PhDStudant™>
. <«rdigsubClassOf rdlresource="#Parson"/>
<fowd:Clesss

Legend C. cowiClass rafaboul=$5:clussis

<rdfs:subClassOf rdl:esource=$5:class Gl

(3 Explicit ontotogy element ot Classs

— <owl:Class mf.aboli=$S:classiA>

|:l Implich onlology elemeni adigzsubCiassOf niresource=5S:classB/>
= <fowi:Class=,

<t Class wdtaboul=$S:class B

«adfs:subClassCl ntivesouno=$S:class Gl
<fowi:Classs,

Fig. 2. Semanlics of the ontology O wrt. the axiomatic semantics of RDF(S)QOWL construcis

Fig. 2 gives an example of formalizing rdis:subClassOf in terms of an XDD
descripiion C,. By incorporaling this description, the meaning of the ontology O,
consequently, yields elements E;—Es which are explicitly defined by O, together with
the derived ones. For instance, as depicted by Fig. 2, assume that Query { searches
for ontologies with PhDStudent modeled as a subClassQf Person, while Ontology O
defines PhDStudent as a subClassOf Student which is then a subClassOf Parson;
therefore by modeling the semantics of subClassOf to be transitive, one can derive
that in Ontology O, PhDStudent is also a subClassOf Person, and thus satisfying the
query requirement,

Founded on this formalism, an ontology database ODB becomes an XDD
description with two parts: i} ODBg An ontology collection consisting of n
ontclogies O,,..., O, and ii) ODB,: A set of XML clauses defining the axiomatic
semantics of ontelogy medeling constructs. The dalabase semantics, denoted by

M(ODB), are the set of QWL elements describing classes, properties or instances

(individuals) which are directly represented by the database via the ontology
collection QDB plus those derivable from it via the axiomatic semantics QDB,.

4 Semantic Query Formulation and Evaluation

Definition I (Semantic Query). A semantic query is formulated as an XML element
of the form:
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< Query>

<s:mandatoryConditions> my my ... m, </sq:mandatoryConditions>

<sg:optionalConditions> o, o7 ... o, </sg:optionalConditions>

<5q nticl exlconRaf = url <fsq:semantict exiconReference>

<sq:similarityWeightFactors>
<sq:mandatoryConditionW eight- w,, </sq:mandatoryCondition\Weight>
<sq:siingMalchings wo </sq:stingMatehing>
<s:synonymAalation> w, <sgsynanymRelation>
«sq:moreGeneralRelations> w,, </sqmoreGeneralAslations
«sqiessGeneraiRelation we «fsq:iessGaneralRelation>
<squnknownfelation> w </sq:unknownRelation:>

</sq:simitarityWelightFaciors>
<fsg:Quarys

where

— my;is an OWL/RDF(S) expression describing a query’s mandatory condition,

— p;is an OWL/RDF(S) expression describing a query's optional condition,

- urlgives a URL of a semantic lexical database,

— Wi Wo, Wa, Wo, W, W, € [0, 1] are semantic weight factors,

— semanticLexiconRefarence- and similarityWeightFactors-elements are optionai.

Given a semantic guery (, let meond(Q) and ocond((2), respectivety, denote the
sets of mandatory conditions and optional conditions. a

Formally speaking, an ontoicgy O in QDB satisfies a condition m; or o; if sach a
conditional element is incleded in the meaning of 0. The weight factor wy, ailows
explicit specification of how important the mandatory conditions are, and hence 1-wy,
becomes the weight for the optional conditions. The semantic lexicon reference
specifies external knowledge used for determining appropriate semantic relations
between elements of  and O. Thus, based on the discovered semantic relation
between a query element 7, and an ontology element 1, defined as follows, the weight
factors we, Wa, Wo, W, W,, respectively, allow the user to quantify how similar the
two e¢lements are. In principle, it is recommended that | = weZ wa 2 w2 we 2w, =0.
In practice, these weights can be configured as default seitings of the system or
manually defined by a user,

5 Similarity Measures

This section formally defines important similarity measures. First, let Z be an
ontelogy alphabet comprising ontelogy elements in the following sets:

C: Class names {such as Parsan, Student, PhDStudent),

P: Property names (such as firstname, lastname, supervises, isSupervisedBy),

D Datatypes (such as xsd:string, xsd:nonfNegativelnteger),

M: Modeling construcis of RDF(S) and OWL {such as rdfs:subClassOf),

R: Restrictions on classes and properties, having the form m{a.b} where m € M,
a& (CUP), be (CUFPU D) (such as rdfs:subClassOf(Student, Person)).

The following definition first measures how well two ontelogy elements match.

Definition 2 (Element Similarity Score: $Sg). The similarity of two ontology
elements x and y is measured by:
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» Forx,ye Corxye Porxye D

W tifx=y
W tifx=y
SSg(x,y)=q wy tifxoy (D
we fxcy
W, 1 otherwise
s Forx=ma,b) e Rand y=m(as by} e R:
SSg(x,¥)=SSg(a,.a;)*SSp(b.by) {2)
¢ Otherwise:
S8 (x, y) = urknown (3

Based on this element similarity score definition, ome can measure the similarity
between a given element x in T and an ontology O in ODB by finding the highest
simitarity score between x and each element y that is semantically defined by Q. This
is defined by:

Definition 3 (Best Element Similarity Score: 55g). The similarity between an
element x € C U P U R and an onology O € ODB8 is measured by:
5$5(, 0= max S(x,y) ' 4
ye M D
Next, the satisfaciton scores of rpandatory conditions {8S);) and of optional conditions
{85y are defined.

Definition 4 (Satisfaction Scores of Mandatory conditions: 5SS, and Optional
conditions: S$8,). With respect to an oniology O, the satisfaction scores of (Q's
mandatory conditions (55, and ('s optiona! conditions (SSp) are measured by:

1 L if meond{Q) = @
55, (0.0} = 2 if 3(c € meond(QY) SSslc, ) Sw,, (5}
> 555(c,0)
mmend(Q) : otherwise
lmcond (Q) 1
i s if ocond(Q) = &
$5,(0,0)=1 O LI SSQ,.0) =0 ®
> 88 4(c,0) 2
wocond(G) : otherwise
locond{Q)1

Finally, one can meagure the similarity between a semantic query Q and an onrtology
O by integrating the two components: mandatery condition satisfaction score and
optional condition satisfaction score, as follows:

Definition 5§ (Query-Ontology Similarity Score). The simitarity between a semantic
query ( and an onsology O is measured by:
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S5(Q.0) = wy SSyy (mcondy,0) + (1~ wy, )5S (ocond 5, 0) o
Q

6 Conclusions

This paper proposes and develops SQORE - a novel framework for ontology retrieval
system based on semantic query. It enables a user io precisely and structuraliy
formulate their ontology requirements, which include not only the desired class and
property names, but also their refations and restrictions. Moereover, when evaluating a
query, its semantics together with an ontology’s semantics are also taken into account
in order t0 correctly and semantically match them.
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