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Abstract. The World Wide Web (WWW) can be viewed av Lbe largesl mollime
dia dalatuse Lhal oy ever exisled. However, iy suppord for query answeriog and
aulomaleod Inferenee iy very lomiled. Meladala and dospain specilie oolologics were
propoacd by several aulhory Lo solve Lhiv problen. We developed Oulobroker which
ey formal oolologicy Lo exlracl, reason, and generale meladala in Lhe WWW
The paper describe Lhe formaliany amd Lools for formulaling gueries, deliniog
oolologicy, cxlracling sncladala, and geoerallng meladala in e foomal of Lhe
Roource Deveriplion Framework [RDF), ay recenlly proposed by Lhe World Wide
Web Consorlimn {W3C). Thoe melhods provide a meam for scimanlic based guery
harellioge even if Lhe Informalion i spread over severl sourees. Furlhennore, Lhe gen-
cralion of RDF dewenpliony coables Lhe cxploilalion of Lhe oolologieal informalion
in RDF-hased applicalioons

1. Introduction

In more and more application areas large collections of digitized mul-
timedia information are gathered and have to be maintained {e.g. in
medicine, chemical applications or product catalogs). Theretore, there
iz an mcreasing demand for tools and techniques supporting the man-
agement and usage of digital multimedia data. Especially the World
Wide Web {WWW) can be regarded as the largest multimedia database
that ever existed and every day more and more data & available through
it. Ttz support tor retrieval and usage 32 very limited becausze itz main
retrieval services are keyword-based search facilitier carried out by
different zearch engines, web crawlers, web indices, man-made web
cataloggs etc. Given a keyword, such services deliver a set of pages trom
the web that use thiz keyword. Onfologies and metadata (based on
ontologies) are proposed as a means for retrieving and uding multimedia
data (Boll et al. 98) (Sheth&Klas 98). They provide Yan explicit spec-
ification of a conceptualization™ {((ruber 93) and are discussed in the
literature ag means to support knowledge sharing and reuse {Farquhar
et al. 97) (Fridman Noy&Hafner 97). This approach to reuse is based
on the azsumption that if a modeling acheme - i.e. an ontology— iz
explicitly specified and agreed uvpon by a number of agents, it & then

w @ 1998 Kluwer Acedonic Pulilivhers. Ponled in the Nothorlends.
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possible for them to share and reuse knowledge. Clearly, it is unlikely
that there will be a common ontology for the whole population of the
WWW and every subject. This Jeads to the metaphor of ¢ newsgroup
or demain specific onfology (Kashyap&Shet 97) (Mena et al. 98) to
define the terminology for a group of people which share a common
view on a specific domain. Uding ontologies for information retrieval
haz certain advantages over simple keyword based access methods:
An ontology provides a shared vocabulary for expressing information
about the contents of {multimedia) documents. In addition, it includes
axioms for apecitying relationships between concepta. Such an ontology
may then in turn be uzsed to formulate semantic queries and to deliver
exactly the information we are interested in. Jurthermore, the axioms
provide a means for deriving information which has been specified only
implicitly.

These advantages come with the price of having to provide informa-
tion in a more formal manner. Since a large portion of the WWW is
tormulated vaing HTML, which iz not an entirely formal language, the
following questions arise:

— How can information be represented (in a sufficiently formal way)
in the WWWw/

— How can this information be extracted and maintained in the
WWWY

— How can we reason with #t and what inferences are possible!

To anawer the first question, we have to ook at the effort toward
standardizing data, metadata, and ontologies. XML based languages
{(XML) are becoming standard formats for representing data in the
WWW (even for multimedia data, see e.g, Preckion (raphics Mark-
up Language (PMGML) or the Synchronized Multimedia Integration
Language {(SMIL 1.0). Based on XML, the metadata standard RDT
{Remource Description Framework (D7) and the RDIT schema lan-
guage (LDIS), which can be used to express ontologies, are under
development and will probably be widely u=ed in the near tfuture. The
use of these standards allows to access a variety of data in the WWW
in a more formal way than today.

Tor answering the other two questions, we developed a system called
ONTOBROKER {Fensel et al. 98a) (Ontobroker) with the following core
elements (gee Figure 1):

— The most central part are the ontologies. They are used in several
components of the system. They are expressed in a representation
language based on Frame Logic (Kifer et al. 95).
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—  The Dntocrawler extracts formal knowledge from HTML pages,
Thiz & done in two ditferent ways: tor large collections of web pages
with a similar structure a wropper {Wiederthold&CGenesereth 97)
generates tormal deseriptions of the content of the pages in relation
to a certain ontology. (Mten the effort for constructing spedalized
wrappers ig too high: in this case an annotation lanpuage & used
for enabling providers to enrich web documents with ontological
information In an integrated, maintenance triendh manner.

— The inference engine exploits the tormal zemantics of the repre-
gsentation language and enables well defined automatic reasoning.

— The RDOF-Maker exploits the inference engine and penerates an
DI representation of information interable from the ontology and
the facts with respect to a given web resource.

— The query interface enables the interactive formulation of queries
while browszing the ontology and selecting the terms constituting
the query.

Thus ONTORRGKEE iz an integrated, comprehensive system to ex-
tract, reason and generate domain specific metadata. According to
the metadata classification of (KashyapézShet 97) our approach deals
with domein-specific mefedefe that is confenf-deseripfive and utilizes
a domain spedfic ontolopy. Additionally the metadata we generate is
alzo direet confenf-bosged, thus allowing semantic-based access to web
intormation. In addition, the reasoning service provides a means for
deriving information which has been specified only implicitly in the
web sources. The system iz fully implemented and can be accessed via
{Ontobroker). Tor a biief introduction of the system cf. {Tensel et al.
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The paper is organfzed as follows. In section 2, we will present the
representation lanpuages and the inference engine used in ONTOBRRO-
KEE. Section 3 introduces some bagics about the Resource Demeription
Framework and the web standards developed by the W and relates
these developments with the ONTOBROKER approach. We concude
with related work, future work, and a briet summary.

2. The Langnages and Inference Engine of ONTORROKER

In this section we discuss the formalkems used by ONTOREROKEER. After
demeribing the representation language used to define ontologies we dia-
cuzs the query formalizm that i= used by a client asking for information.
Then we present the inference engine that computes the answers to
queries. And finally an extension to HTML is presented that allows the
smooth intepration of ontological annotation in exizting web pages.

2.1. THE RREPRESENTATION I'OBMALISM FOR (ONTOLOCIES

The basic support we want to provide iz answering queries using in-
stances of an ontology. Thiz ontology may be described by taxonomies
and rules. Since there are effective and efficient query evaluation pro-
cedures for Horn-logic-like languages we based our interence engine
on Horp-logic. However, simple Horn-logic = not appropriate from an
epistemological point of view for two reasons:

1. The epistemological primitives of simple predicate logic are not rich
enough to support adequate representations of ontologien.

2. It iz often very artificial to express logical relationships via Horn
clauzes.

We will zubsequently discuss how we overcame both shortcomings.

2.1.1. Elementory Frpressions

Usually, ontolopies are defined via concepts or claszes, iz-a relationships,
attributes, further relationships, and axioms. Therefore an adequate
lanpuape for defining the ontology has to provide modeling primitives
for these notions. Frame-Logic (Kifer et al. 95) provides such modeling
primitives and integrates them into a logical framework providing a
Haorn-logic subzet. Turthermore, in contrazst to Description Logic, ex-
pressing the ontology in Frame Logic allows queries that directly use
parts of the ontology as first class dtens. That is, not only Iatances
and their values but alzo concept and attribute names can be provided
as answers ¥via variable substitutions.
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We uze a slightly modified variant of Frame-Logic, which suits our
peeds. Drincipally the following elementary modeling primitives are
uzed:

— HSubclassing: ¢1::02, meaning that class €1 iz a subclass of ¢2.
— Inatance of 0:¢, meaning that 0 iz an instance of class C.

— Attribute declaration: 1[4 =»> ¢2], meaning that for the instances

of clazs ¢1 an attribute 42 defined whose valie nmist be an instance
of c2.

— Attribute value: 0[A->>Y], meaning that the instance 0 has an
attribute A with value V.

— Dartof 01 <: 02, meaning that 01 iz a part of 02,

— IRelations: predicate expressions ke p(ai,...,a2) can be used as
in uzual logic-based representation formalisms, except that not
only terms can be used as arguments but also object expressions.

21.2. Compler Erpressions

Irom the elementary expressions more complex ones can be built. We
distinguish bebween the following complex expressiona: facts, rules,
double rules, and queries. Factzs are pround elementary expressions.
A rule consiata of a head, the implication sign <-, and the body. The
head iz just a conjunction of elementary expressions {connected using
D). The body & a complex formula built from elementary expressions
and the usual predicate logic connectives (implies: =>, implied by: <=,
equivalent: <->, AND, OR, and NOT). Variables can be introduced in front
of the head {with a PORALLquantifier) or anywhere in the body {using
EXISTS and PORALL-quantifiers). A double rule iz an expression of the
form:

head <-> body

where the head and body must be conjunctions of elementary expres-
giona. Examples of double rules are given in Table I. An EBNT syntax
description of the complete representation language is given in (Fenzel
et al. 98c).

2.1.3. An Hiustrofion
Orntologies defined with this language mainly consist of three parts:

— The concept hierarchy defines the subclass relationship between
different claszes.
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— Tor classes attribute definitions are given.

—  Aoset of rules defines relationships between different concepts and
attributes.

This illustration & taken from the (KA -Initiative (BenjaminsfTensel
98} where a community of researchers agrees on an ontology about
relevant aspects of a research community., Table I provides part of
that ontology. The concept hierarchy consists of elementary expressions
declaring subclass relationships. The attribute definitions declare at-
tributes of concepts and the valid types which values of these attributes
must have. The firat rule ensures symmetry of cooperation and the
gecond rule specifies that whenever a person iz known to have a publi
cation, then the publication also has an author who iz that particular
person and vice versa. This kind of rule completes the knowledge basze
with information that is distributed and incomplete and thus reduces
development as well az maintenance effort. Especially the double rules
are very useful, since they explicate e.f. a connection between two
object-attributevalue triples. The third rule uses the ontology itzelf to
complete the knowledge base. Based on the achema information missing
type information for attribute values are deduced.

2.2, THE QUERY PORMALISM

The query formalizm is orlented towards the syntax of Irame Logic
that defines the notion of instances, classes, attributes, and values, The
generic schema for this is:

0:CLA->57]

meaning that the object 0 & an instance of the class ¢ with an attribute
A that has a certain value ¥. Variables, constants or arbitrary expres-
gions can be used at each position in the above scheme. Ifurthermore,
because the ontology & part of the Inowledge base itselt the ontology
definitions can be uzsed to validate the knowledge baze. In the following
we will provide some queries as examples to illustrate our approach.

I we are Interested in information about researchers with certain
properties. ep. we want to know the home page, the last name and
the email address of all researchers with first name Richard, we achieve
thk with the following query:

FORALL Obj, LN, EM <-

Obj:Rasearcher [TirstNane=->>"Richard";
lastiama=>>LN; email=>>EN] .
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Table I. & parl of an cxample oolology

{Concept Hierarchy Attribute Definitions |
Object]. Parecnl
Tirstnama =»> STRING;
Perscn :: Object. lastiama =>> 3TRING;
&Mail =b> STRING;
Emplcoyas :: Parscon. pubklicatien =»> Poblicaticon;
...
Researcher :: Employes.
Employesa [
Pobklication :: Object. affiliatien =»> Organizaticn;
sl
Rezaarcher[

researchInterast =rFb Topic;
cooparatesWith =>> Rasearchar;
el

Publication[

anthor =>> Farson;
titla =h> STRING;
year =s> NUMHER;
abgtract =k» STRING].

Rules

FORALL Farsocnl, FarsonZ
Parecnl:Researchar[cooperateasWith —»> Parson?] <-

Perscn’:Researcher [cocperatasWith —»> Persemi].

FORALL Parscomi, Puobli
Fobll:Publication [anthor ->> Persomnl] <->
Perscnl:Perzen[poblicatien =»> Pobkli].

PORALL 0,C,R,V,T
T:T <= C[A=>5T] AND O:CLA=33V].
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In our example (JNTORROKER gives the following answer {actually,
there i3 only one researcher with first name ichard in the knowledge
base.

Obj = http:/fwww.iiia. ceic.eefrichard/index. html
LY = Benjaming
EM = mailte:richard@iiia.csic.es

Arnother example asks for the home page of all researchers who coop-
erate with the researcher with last name Motta:

FORALL Obj, CP <-
Obj:Researcher [lastlame =»>"Motta"; cooperatesWith=->>CF].

The interesting point in thk query iz that the ontology contains a
rule specifying the symmetry of cooperation. That means, even it the
researcher with last name Motta did not specity a cooperation with any
regearcher, ONTORRCKEER could deduce such a cooperation, it another
researcher atated that he cooperates with Mr. Motta.

Arnother possibility iz to query the knowledge base for inform ation
about the ontology itself, e.g. the query

FORALL Att, T <- Researcher[Att=Do>T]

asks for all attribuites of the class I{esearcher and their associated types.

These queries can be posed via a web interface, but since average
web users cannot be expected to be familiar with I*-Logic a graphical
substitution exists that iz much more comprehensive. It visualEes the
ontology and hides a lot of the unnecessary syntax. A description of
this interface can be found in (Tensel et al. 98a).

2.3, PrOVIDING INPUT FOR (QNTORREOKER

To be able to answer queries, ONTOBROKEER needs facts which are
stored in its knowledpge base. The knowledge base contains knowledge
collected from scattered web sources. (Ashish&Knoblock 97) distin-
guish three classes of web zources:

—  Mulfiple-insfonce sources share the same structure but provide
different intormation, e.g. the CTA World Fact Book {(CIA 97), pro-
vides information about more than 200 different countries stored
on more than 200 similarly structured pages {one page per coun-

try).

—  Single-instonece sources provide large amounts of data in a struc-
tured format.

rdfi.tex; 25/00/1008; 12:41; p.8



9

—  Loosely sfructured poges have no generalEable structure, ey, per-
gsoral home pages.

All these sources contain knowledge that should be made accessible
by ONTOBROKEE. To allow an integration of this knowledge into the
knowledge bage it has to be formalized. This can be done in two ways:

Sources falling into the first two catepgories allow us to implement
wrappers (WiederholdézGenezereth 97) that automatically extract fac-
tual knowledpe from these sources. It the structure of the pages iz
known and stable over time these wrappers can auvtomatically create
parts of the knowledge base of ONTORROKER and thus allvg inferencing
and query answering about the provided information. We applied this
approach to the UTA World IFact Book uszing a simple ontology about
countries and their characteristics.

The second way to provide a formal representation of unstructured
intformation is based on manual work. Since formalization in the third
case mentioned above can hardly be achieved automatically we chose a
manual annotation approach to capture loozely structured infarmation.
Large amountz of the information provided in the WWW are formu-
lated using the Hyper-Text Mark-up Language (HTML)} on hardly
gtructured pages. We developed a minor extension to the HTML gyn-
tax (the onto-attribute) to enable ontological annotation of web pages.
Annotating resources with semantic information has certain advantages
over simple meta-tagring of resources, ie.:

— The embedded annotations are located physically close to the
rendered intformation they belong to.

— The semantic information iz in part represented as the informal
text of the resource, i.e. the text can be reused in a formal way,
e.g. as the value of attributes.

— In the same way hyper links contained on web pages can be reused
to establish formal relations between concepts.

The general idea behind our approach {see {Fensel et al. 98c) for
more detailz) is to take an HTML page as a starting point and to add
only few ontologically relevant tags to its mark-up. By these minor
changes the information contained in the page is annotated and made
accesgible as facts to ONTOBROKEER. Thiz approach allows providers to
annotate their web pages pradually, i.e. they do not have to completely
tormalize the knowledge contained therein. Further, the pages remain
readable by standard browsers. Thus, there is no need to keep zev-
eral different sources up-to-date and consistent which reduces develop-
ment a8 well ag maintenance effort congiderably. All factual ontological
information iz contained in the HTML mark-up itself.
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We provide three different epistemological primitives to annotate
ontological information in web documents:

1. An object identified by a URL (Uniform Resource Locator) can be
defined as an instance of a certain class.

2. The value of an abject’s attribute can be =et.

3. A relationship between two or more objects may be established.

All three primitives are expressed by using an extended version of a
frequent HTWL tag, i.e. the anchor tag.

Typically a provider of information first defines an object. This iz
done by stating which class of the ontology it iz an instance of. Tor
example, it Richard Benjaming (hie home page and a part of its sources
ate depicted in Figure 2) would like to define himself as a researcher,
bhe would =ay the TJRL of hi= home page iz an instance of the class
researcher. To express this in our HTML extension he uzes the following
lire on hiz home page.

<a onto=" ‘http://www.iiia.ceic.easf/richard’ : Resaarchar">

The identifier *http://www.iiia.ceic.es/Tichard’ denotes an object,
namely an instance of cdass researcher. Actually this i is the URL of
Richard Benjaming' home page, thus, from now on he as a researcher
iz denoted by the TJRL of hiz home page {zee Figure 2).
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Each clags iz associated with a set of attributes. Fach instance of
a class can define values for these attributes. To define an attribute
value on a web page the knowledge provider has to Bst the object,
the attribute, and the value. Tor example, the ontology containz an
attribute email for each object of class researcher. If chard Benjamins
wants to provide his email address, he uses thiz line on his home page.

<a ente=" ‘http://www.iiia.ceic.es/richard’
[email='mailte:richard@iiia.ceic.ag’] "»

Thiz line states that the object denoted by the handle has the value
‘mailte:richard@iiia.ceic.as’ for the attribute email.

Several objects and attrfibutes can be defined on a single web page,
and several objects can be related to each other explicitly. (iven the
pname of a relation REL and the object handles 0bj1 to Objn thiz defini-
tion looks like this:

<a omto= REL{Obji1, Obj2, Obj3, ..., Objn)" >

The listed examples look rather clumay, esp. because of their long object
handles and the redundancy due to wiiting information twice, once for
the browser and a gsecond time for (ONTORROKEER. So the annotation
language provides some means to ease annotating web pages and get rid
of a big share of the cdlumsiness and redundancy (Fenzel et al. 98¢). A set
of keywords with special meanings iz allowed as part of the annotation
syntax. The keyword poge represents the whole web papge where the
ontological mark-up iz contained. This is usetul when looking at the
page agf a representative of an object. IFor example, 2 home page of a
researcher might represent that peraon in the knowledge base. Thiz can
be defined by the tollowing kind of annotation:

<a onto= “poge: Researchars

The following annotation defines the affiliation attribute of the object
denoted by the UL of the current papge and takes the value from the
anchor-tag’s href-attribute.

<a onto="pagelaffiliaticn—hrefl"
hraf="http://www.ilia.ceic.as/">

The href keyword allvws us to establish relations between objects with-
out a lot of typing, because the hyperlinks can be reused within the
ontological mark-up.

Mot only hyper-links can be directly integrated as semantic intfor-
mation, the text that & rendered by a browser can ako become a part
of the formal knowledge, e.g.

rdf3. tex; 25/00/1008; 12:41; p.11



12
Table I Prluclp].c inochaniym for Lra.uulaLl% F'—Lugj.c lo prcr]lt_'aLc ].ugu_

| Frame Logic | Meaning | Predicale Logic |
c1l:: C2 clavy €1 I a yubelavy of G2 aub{€'1,72)
a: ¢ 0 iy an iovlance of daws C 12u (O €7

C1[A=5>C2] | for Lbe ioslances of C1 an allobole | el dype(e1, 4, 0'2)
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OLA=>>1] Lhe inslanee O hay an allobole A, | ol el 417
whoue wmloe i 1
01 <: 02 01 in a parl of O2 purt_of(O1 07}

<a onto="pagal[firstName=bpdy]> Richard </a>

defines Richard {contained between <a ...» and </a>) as an attribute
value for firstName. The keyword body allows this kind of revze. Through
these conventions the annotation of web pages becomes more concize
and redundancy can be nearly avoided. Thiz tight coupling eases meta-
data maintenance for frequently changing resources, since changing the
rendered data B avtomatically reflected in the semantic mark-up.

Although the technique just presented B currently tallored towards
HTML, it can be easily adapted for any Xh L based mark-up language:
the only changes required are dlight modifications of the respective
document type definition {DTD) of that language. Thiz iz especially
important since more and more applications of XML languapes are
currently developed.

24, THE INFEEENCE ENCINE OF (ONTOBEOKER

The inference engine of ONTORROKEER has two key parte: the one that
does the translation (and retranslation) process from the rich modeling
language (I~Logic) to a restricted one (Horn logic) and the part that
does the evaluation of expressions in the restricted lanpuage,

The input of the inference engine conzists of the ontology, collected
facts from the web and queries formulated in Irame-Logic. We have
decided against direct evaluation of expressions of the rich model-
ing lanpuage. There are techniques known for evaluating Irame Logic
{Trohn et al. 97), but they do not support the whole language and
the semantics we need {e.g. full first order rule bodies). Furthermore
a direct evaluation approach would be very inflexible, a small change
in the input language would result in changes of the whole system and
building a specialized inference engine for a special semantics requires
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an extraordinary effort. Instead a Irame-Logic-translator translates the
Irame-Logic expressions via several intermediate states to first-order
logic expressions. Table 1T gives an idea of hoaw this translation i= per-
formed. After several transformation steps {cf. {Decker 98}, (Fensel et
al. 98c) for more details) we obtain a normal logic program, Techniques
from deductive databases are applicable to implement the bottom-up
fix-point evaluation procedure. Because we allow negation in the clauze
body we have to carefully select an appropriate semantics and evalu-
ation procedure. I the resulting program iz stratified, we uze simple
gtratified semantics and evaluate it with a techrique called dynamic
filtering {Kiterf:Loginskiil 86) (Fensel et al. 98d). But the translation
of Frame Logic usually results in a logic program with only a limited
number of predicates (all object expressions are compiled into the same
predicate), so the resulting program is often not stratified. To deal
with non-stratified negation we have adopted the well-founded model
semantics (VanCelder et al. 91) and compute this semantice with an
extension of dynamic filtering,

3. Webh Standsrds and ONTOREOKEER

11. RDI'/RDI'S AND IPrAME-Locic

In the WWW the need for a standardized notation for metadata led
to the development of the Resource Description Iramework (RDI7) by
the W3 RDT iz a framework for deseribing peneral-purpose metadata
that iz ricker than simple keyword based metadata annotations, since it
introduces the notion of resources. esources are objects that can have
certain properties and can be related to other resources {cf. (RDT) for
the current status of the framework definition). Any object that can
be addressed via a UURL may be a resource in the senze of DT, Since
a refource together with attached properties and values can be used
again ag a resource, this representation atyle allows ua to build labeled
directed graphs that resemble semantic nets,

A proposed syntax for RDIT uses X WL so that DT specifications
can be easily integrated in applications following the current trend
towards XML as fhe language for sharing information. Due to that RO
will probably become a widely recognized language and representation
torm ali=m for metadata that can serve az an interlingua for inform ation
interchange,

RDT iz complemented by aschema definition language (RDT Schema)
(RDI"S). RDES iz a format for defining the terminology that can be
uged to describe RIDIF data. It basically allows us to define classes,
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attributes (property types), value ranges and cardinality constraints
for property types. ROF: ingtancadf and ROFS: enbClass0f are examples
of predefined property types, which correspond to similar notions in
frame-based or object-oriented languages. So RDEFS allows the defi-
nition of ontologies for QDY zpecifications in a way which has some
similarities to -Logic-based ontologies.

However there exist some ma jor differences:

— Both representation tormalizms support an {object, attribute, value)
view on the object level, and a {class, attribute, type) view on the
gchema level, 2o both have a similar kind of reprezentation.

— I"Logic supports inference rules which can be used to make im-
plicit nowledge explicit, e.g. to derive attribute values of objects.

— I"Logic has a well defined semantics and proof theory, thus build-
ing an inference engine tor it i= a clearly defined task, whereas the
gemantics of LD &till has to be defined formally.

— RDT supports the reffication of resource descriptions, 1.e. an RDT
expression (consisting of a resource, a property type, and a value)
can be the resource of another description. Thiz & not possible in
I*-Logic.

— The schemas of RDI" allow the definition of attributes, so called
property types. These property types are —in contrast to frame
bazsed languages like I'-Logic— general in the sense that they do
exist independently of clazses. Thus, it iz not possible to give the
game name to different properties for several classes it they have
different value ranges or cardinalities,

4.2, WHAT HAS QNTORRCOKER TO OFFER To RRDIM

ROFMuoker The kinds of intormation that can be stored in XD meta-
data include concepts that are stored in the ontological annotations for
ONTORROKEE. To make this information accessible to a wider com-
munity we developed a tool (RDI*Maker, cf. {Erdmann et al. 98) and
figure 1) that translates these annotations (in ONTORROKER syntax)
to metadata (in RDE syntax). The tool takes an annotated web page
and computes all inferable information based on the ontology and the
annotated facts. Subzequently, #t formulates all derived intormation
according to the T definition and adds it to the source. In this
way any information seeker being capable of understanding RDI {e.g.
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information agents) can profit from the annotation made tor QNTO-
BPEOKEE. Thus the advantages of ontological annotations of resources
and the homogeneity, accessibility and wide dissemination {at least in
the future) of RDI metadata descriptions are combined.

Muinfenonce ond Hedundoney Heduefion RDI7 defines a portable way
of expressing metadata, but it iz separated from the data. So mainte
nance of metadata might result in high effort: if the data change, the
metadata alzo has to be chanped to keep both In syne. A better ap-
proach E to combine both aspects. In (JNTOBROKER We use annotations
that are included inside the data and directly refer to the information
contained in the pages, thus ontological information can be avtomati
cally extracted and therefore is always consktent and up-to-date. When
using RO M aker to avtomatically generate RO demeriptions trom the
ONTORROKEER annotations, the problem of maintaining metadata can
be reduced. At the same time the degree of redundancy = lowered
because information from the HTML pages iz directly ncorporated in
the metadata by T haker.

Inferencing  Although RDI /RDTYS does not allow the formulation of
rules, there exist usetul inference tasks for RO, The property type
RDFS: snbClass0r I8 transitive (RDTS, section 2.2.2), thus information
geeliers looking for all instances of a special class ¢ should retrieve all
instances of all subclasses of ¢ as well. Another example for a usetul
interence task ¥ the deduction of Imphcit information. DS allows to
reatrict the ranges of property types. Thiz information could be uzed to
inter RDPS: instance0f relations and thus explicating imphcit informa-
tion. For example, i the property type cooperatesWith has the range
restriction researcher, any resource that is the value of thiz property
type can be inferred as belonging to class researcher. Thiz & desirable,
becauzge knowledge on the WWW & often incomplete and this iz a
poegibility to make it more complete.

Nevertheless, there iz (as far as we know) no system available that
containg an inference mechanism for R, To be able to handle in-
ference tasks and —more general— rules we propose to use RDIT as
a represertation lanpuapge for metadata and IP-Logic as the bask for
the inference engine. Thus, RDIFF/RDIS should be used to reprezent
metadata within the websources and [F-Logic should be used when
angwering queries that are based on an ontology (including rules). This
combination of a generally accepted and standardzed representation
language and a powerful and flexible inference engine would drastically
enhance the power and usability of RDIY. The ONTOBRROKER-system
has already proved the feasibility of this combination.

rdf3. tex; 25/0071008; 12:41; p. 15



18

4. Coneclugions, Related and Futnre Worlk

Up to nonw, the interence capabilities of the WWW are very hmited.
In essence, they are restricted to keyword-based search facilities which
are offered by the various web services. This iz clearly not sufficent
when dealing with reusable multimedia data on the WWW. As 5 way
to overcome these problems ontologies and metadata were proposed by
several authors {Fenzel et al. 98a) (Kashyap&Shet 97) (Mena et al. 98)
{Boll et al. 93} and led to a number of systems.

Himilar approaches to ours in regard to metadata are InfoHarness
{Shklar et al. 95) and Obzerver (Mena et al. 96). InfoHarness extracts
metadata with a kind of wrappers. Information brokering is done pri-
marily on the level of representation and not based on domain apecific
ontologies. B.g. mainly metadata like author, title, file zize ete. are
extracted and used for query answering., Therefore, large ontologies
with rules are not supported; inferences are not possible.

The Observer system can be seen as a successor of InfoHarness: it
aims at integrating multiple information sources, each with its owo
domain specific ontology. A user poses a query in his own user on-
tologryr, This query ¥ translated using synonyms to queries according
to the component ontology and evaluated by the component systems,
Obzerver focuses on integrating multiple ontologies, and thus zeveral
aspects are different from ONTOREOKEE. In ONTORROKEE it iz poasible
to specity rules that express dependencies between different terms from
the ontology and to complete information using the ontology itzell.
Berause (OYbserver uses description logics thiz iz not possible in Ob-
gerver. [urthermore, ONTOBRROKEE 2 a complete approach supporting
a user with an annotation language, an inference engine and a graphical
query interface, while support like this = not available for the Observer
gysten.

Another approach similar to ours iz SHOE {Luke et al. 97) which
introduced the idea of using ontologies to annotate information in the
WWW. HTML pages are annotated via ontologiez to support infor-
mation retrieval based on semantic information. However, there are
major differences in the underlying philosophy: In SHOE, providers
of information can introduce arbitrary extensions to a given ontology.
Turthermore, no central provider index iz defined. As a consequence,
when zpecilying a query the client may not know all the ontological
terms which have been used to annotate the HTML pages and the web
crawler has to visit the entire WWW to ensure to find all annotated
knowledge fragments. The answers given to a query may be incomplete
because the used ontologies are not entirely known and the web crawler
cannot find all relevant pages.
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In contrast, ONTORRCOKEE refies on the notion of an Onfogroup and
domain specific ontology defining a group of web ugers that agree on an
ontology tor a given subject. Therefore, both the infarmation providers
and the clientz have complete knowledge of the available ontological
terms. In addition, the ontogroup iz stored in a provider index used
by Ontocrawler when collecting all annotated HTML pages. Thus,
ONTORROKEE can deliver complete answers to the posed queries. The
philozophy of ONTORROKEER ¥ alzo tailored to homogeneous mtranet
applications, e.g. for knowledge management within an enterprise. In
thi context the information providers are well known and the ontology
can be fixed because in the enterprise a common view on the world
should exizt.

SHOE and ONTORROKEER ako differ with respect to their inferenc-
ing capabilities. SHOE uses description logic as its bagic formalizm,
currently offers rather limited Inferencing capabilities and does not
support DT, ONTORROKEER relies on Irame-Logic and supports more
complex inferencing for answering queries (gee (Kandzia&Schlepphorst
97) (Fensel et al. 98b) tor a comparion of the two representation and
reasoning paradigms).

Because ontologies and metadata are means to overcome the re
gtriction of the current capabilities to access the web the definition,
reprezentation, extraction and maintenance of metadata are queations
that have to be solved. Thizs paper presented (ONTOBROKEE, a system
that addresses these tasks. ONTORROKEER uses I-Logic to define the
ontology and to represent a knowledge base that allows inferencing.
Metadata extraction from a web page is done either by wrappers or by
a web crawler that identifies zpecial zemantic tagsing in web pages. In
ONTORROKEE thiz annotation information iz tighthy inteprated into the
HTML mark-up. Thi reduces redundancy of intormation and makes
maintenance of metadata a simpler task since metadata can easily be
generated {(e.g. in RDT) when changes in the original sources occur. The
techrniques developed for annotations are transferable to all XM L-bazed
languagen.

ONTOBROKER provides means for semantic-based query handling
evern if the information iz spread over zeveral sources. TMurthermore,
the generation of D7 descriptions enables the exploitation of the
ontological information in RO -based applications —intelligent agents
can uge the Inowledge provided by the IRDIT descriptions. The system
iz currently the basgis for realizing the FKnowledge Acquisition Initiative
(KA (Benjamins&Tensel 98) {Benjamins et al. 98) and for developing
a knowledge management system for industrial designers in regard to
ergonomic questions. In the latter project, the same knowledge may be
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uged by humans and for inferences of the system. This twolold uze of
the same piece of knowledge 3= enabled through the tight coupling of
gsemi-tormal and formal knowledge in ONTORROKEER.
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