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1 Intro duction

The managemen and exchange of knowledge in the Internet has becomethe
cornerstone of technological and commercial progress.In this fast-paced envi-
ronmert, the competitiv e advantage belongsto those businessesnd individuals
that can leveragethe unprecedened richnessof web information to de ne busi-
nesspartnerships, to reach potential customersand to accommalate the needs
of thesecustomerspromptly and exibly . The Semariic Web vision is to provide
a standard information infrastructure that will enable intelligent applications
to automatically or semi-automatically carry out the publication, the searding,
and the integration of information on the Web. This is to be accomplishedby
sematrtically annotating data and by using standard inferencing mechanismson
this data. This annotation would allow applications to understand, say, dates
and time intervals regardlessof their syntactic represenation. For example, in
the e-businesscontext, an online catalog application could include the expected
delivery date of a product basedon the sdedulesof the supplier, the shipping
times of the delivery compary and the addressof the customer. The infrastruc-
ture ervisioned by the Semaric Web would guarantee that this can be done
automatically by integrating the information of the online catalog, the supplier
and the delivery compary. No changesto the online catalog application would be
necessarywhen suppliers and delivery companieschange.No syntactic mapping
of metadata will be necessarybetweenthe three data repositories.

To accomplishthis, two things are necessary:(1) the data structures must
be rich enoughto represen the complex semartics of products and servicesand
the various ways in which thesecan be organized;and (2) there must be exible
customization mecanismsthat enablemultiple customersto view and integrate
theseproducts and serviceswith their own categories.Ontologies are the answer
to the former, ontology views are the key to the latter.

We propose ontology views as a necessarymechanism to support the ubig-
uitous and collaborative utilization of ontologies. Dierent agerts (human or
computational) require di erent organization of data and di erent vocabularies
to suit their information seekingneeds,but the lack of exible toolsto customize
and ewlve ontologies makesit impossibleto nd and usethe right nuggets of



information in such environments. When using an ontology, an agert should be
able to introduce new classesusing high level constraints, and de ne contexts
to enablee cient , e ective and secure information searding. In this paper we
presert a framework that enablesusersto design customized ontology views
and show that the views are the right medanism to enhancethe usability of
ontologies.

2 Ontology Views

Databasesviews and XML views [1{3, 5{7], have beenused extensively to both
tailor data to speci c applications and to limit accesgo sensitive data. Much like
traditional views, it is imperative for ontology viewsto provide a exible model
that meetsthe demandsof di erent applications as well as di erent categories
of users. For example, consider an online furniture retailer, OLIE that wants
to take advantage of ontology-based technologies and provide a exible and
extensibleinformation model for its web-basedapplications. The retailer creates
an ontology that describesthe furniture invertory, manufacturers and customer
transactions. Let us assumethat two primary applications use this ontology.
The rst application, a catalog browsing application, allows customersto browse
the furniture catalog and make online purchases,while the secondapplication,
a pricing application, allows marketing strategists to de ne salespromotions
and pricing. The information needsof thesetwo applications are very di erent.
For example, customersshould not be allowed to accessthe wholesaleprice of
a furniture piece. Similarly, an analyst is only concernedwith attributes of a
furniture piecethat describeit asa marketable ertit y, not thosethat refer to its
dimensions,which are primarily of interest to customers.

The catalog browsing and the pricing applications need to take these re-
strictions into consideration when querying and displaying the ontology to their
respective users.If the ontology changes,regardlessof how powerful the infer-
encing is, the applications will invariably need to change their queries. This
hard-coded approach to accessingontologies is costly in developmert time and
error prone, and underliesthe needfor a exible model for ontology views. In this
case,it is desirableto be able to de ne the MarketingView and CustomerView
asin the ontology fragment shown in Figure 1.

Despite their similarities with relational databaseviews, ontology views have
alsodi erentiating characteristics. First, ontology views needto be rst-class cit-
izensin the model, with relations and propertiesjust likeregular ontology classes.
For example, supposethat the pricing analyst wants to de ne the PreferredCus-
tomer category, asa customerwith a membership card that o ers special prices
for furniture and accessoriesNow the catalog application needsa Preferred-
CustomerView, similar to the CustomerView de ned in Figure 1, adding the
promotional price for card holders. It would also be desirableto de ne the Pre-
ferredCustomerView as a subclass of CustomerView, so that whenewer some
information is added or removed to the CustomerView, the changesare auto-
matically re ected in the PreferredCustomerView. Notice that, in this case,we



Fig. 2. Inheritance Hierarchy in Ontology

Fig. 1. Two Views of a Furniture Piece. Views.

have an inheritance hierarchy within the views, that is PreferredCustomerView
IsA CustomerView, as shown in Figure 2.

Second,views needto be used as contexts to interpret further queries. For
example, supposethat the marketing analyst de nes the classSeasonalltemsas
a set of furniture piecesor accessorieshat have unusually high volume of sales
in a given shopping seasonbasedon previous yearssalesstatistics. The analyst
alsode nes Christmasltems, Summerltemsand Fallltems asre nements of Sea-
sonalltems. When a customer queriesfor information on large oval tablecloths
in Christmas, items in the Christmasltems view should be selected,and the in-
formation on ead item should be Itered through either the CustomerView or
the PreferredCustomerView, depending on the type of customer.

It is easyto seethat views needto represert structures of the ontology (like
CustomerView) as well as new classesde ned through constraints, much like
OWL [4] class operators. In fact, the views proposed here are, extensionsto
OWL classesand expressions,as discussedin Section2.1.

2.1 CLOVE - A View Denition Language for OWL

We focus on the systematic description and managemen of views as rst-class

objects in ontologies, as described in the scenariosabove. To the best of our
knowledge, this work is the rst of its kind in de ning ontology views as rst-

classobjects. In particular, we extend OWL [4], a recertly proposedstandard
of W3C, to describe ontologies and their views. OWL allows the de nition of
classesfrom other classesthrough set operations, thereby providing the basic
infrastructure support for de ning simple views, like the Seasonalltemscategory
described above. However, it has limitations. First, even though ontology views
can be consideredas classeghat are derived from the underlying ontology, they
can also refer to subnetworks or structures of classesand relations (like in the
caseof the CustomerView), underscoring the need for a languagerich enough
to de ne both types of views. Second,we needto de ne a set of standard rules
that govern the creation and managemen of theseviews, aswell as their scope
and visibilit y. While the later is still an open problem, there are some simple
medanismsthat allow adequateview de nitions. In this paper, we presert an
overview of a high level constraint language{ CLOVE (Constraint Language



for Ontology View Environments) that extends OWL constraints. We employ
CLOVE asthe underlying medanism to support the creation of OWL views.

A view in CLOVE is de ned by a setof (1) subject clauses;(2) object clauses;
and (3) variable de nitions. The subject clausesdescribe the constraints under
which the view is valid, aswell as the range of instancesfor which the view is
applicable. The subject clausesare usedto ched whether the view (if declared
active) should be usedin the current query. CLOVE doesnot restrict the number
of subjects of a view. For example,the CustomerView de nes assubjectsall types
of customers.lIt is alsopossibleto not specify the subject of a view by using the
keyword ANY , in which case,the CLOVE runtime systemusesthe view to Iter
all querieswhen the view is active.

The objects are expressionghat describe the content of a view, and have the
form:

{INCLUDE|EXCLUBPENavigationExpre ssi on ConstraintExpres si on

where the keywords INCLUDE and EXCLUDE indicate whether the classes
or instancessatisfying the clauseare included or excluded from the view. The
NavigationExpressionis a Boolean expressionof relations or properties that are
navigated from the set of currently evaluated classesand instancesor from a
variable or name included in the expression.For example, ?0bject SUBSUMES
and IS-A are valid navigation expressions.

The ConstraintExpressionis an extension of an OWL expression.In its sim-
plest form is just the name of a classor instance, but it can also describe the
content of its data (the WITH CONTENT in Figure 3) or the data type of the
properties of a classor instance (with WITH TYPE ) amongothers. In the exam-
ple below, Customer and MarketableEntity are valid and very simple- constraint
expressions.

CLOVE alsode nes variablesthat can be directly usedin clauses,aswell as
it allows usersto de ne their own variables. A variable in CLOVE is precededby
the question mark. In Figure 3, the variable ?object refersto the currently evalu-
ated cortent of the view. There is alsoa pre-de ned variable, ?subjet that refers
to all the currently evaluated subjects of the view. User-de ned variables can
be usedto de ne scripts or proceduresto calculate data from the existing data,
like LastYearXmSalesin Figure 3, which is evaluated from existing properties of
LastYearSalesthe November and Decenber sales.

The full speci cation of CLOVE is beyond the scope of this paper but Fig-
ure 3 gives a brief example of the creation of some of the OWL views of the
scenariosabove using CLOVE.

CLOVE allows arbitrary relations among views, in particular, inheritance
(that is, IsA). CLOVE also allows the dynamic creation of classesto evaluate
views (like the LastYearXmSalesas a re nement of LastYearSalesin Figure 3.
After de ning them, views can be activated or in-activated by their authors
or userswith administrativ e privileges. The runtime systemrequiresthat every
query is taggedwith information about the user, which is assaiated to a classin
the ontology. Queriesare evaluated with respect to the currently active viewsin



CustomerView{
Subject:IS-A  Customer
Object: INCLUDEATTRIBUTE-OFurniturePiece
Object: INCLUDEATTRIBUTE-ORccessory
Object: EXCLUDRObject SUBSUMHB@arketableEntity
Object: INCLUDE?Object HAS-PRICERetail
Object: INCLUDE?Object HAS-PRICESale

}

PreferredCustomerView IS-A CustomerView{
Subject: ANY
}

Seasonalltems {
Subject:  Furnitureltem

}

Christmasltems [S-A Seasonalltems{
Subject: ANY
Define: LastYearXmSales IS-A LastYearSales WITHCONTENT
LastYearSales.November+Last YearSales .December
Object: Include ?object HAS-STAT?LastYearXmSales >
1.2 * (MarketableEntity = HAS-STATLastYearSales.AvgMonthlySales )

Fig. 3. Creating views with CLOVE

the order that they were de ned. The result is that queriesagainst the ontology
are automatically ltered by one or more views, according to the current user
context.

All userswith accessto the ontology should be able to create views. This
is one of the most important design principles of CLOVE. However, not every
view should be usedto Iter every query, thats why the CLOVE runtime system
keepstrack of view dependenciesand who created them, with a simple access
control systembasedon user IDs.

3 Conclusions

The Semariic Web brings forth the possibility of heterogeneousontologies that
are universally accessibleto arbitrary agerts through the Internet. Theseagerts
may not only accessheseontologies, but also customizetheir organization and
information with their own knowledgeand communicate it in turn to their own
users.Hence, the ability to create views and contexts on ontologies becomesas



crucial asthe view mechanism in traditional databasetechnologies,providing a
scope and ltering of information necessaryto modularize and ewvolve ontologies.

However, ontology views are not just straightforward extensionsof database
views. We have designedand implemented a framework that exploresthe issues
of authoring and managemen of views and their underlying ontologies. Among
them, we have focusedon the dual nature of views asclassedn the ontology and
contexts to interpret new queries. As corntextual elemerts, views are structures
of classesand as classesthey have relations to other views and even to other
classesWe have alsoimplemented a constraint language,CLOVE that takesinto
account this duality and allows usersto both create and query views with an
easy-to-use,natural interface.
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