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Abstract. RDF and RDF Schema are supposed to be the foundations of the Se-
mantic Web, in that all other Semantic Web languages are to be layered on top
of them. It turns out that such a layering cannot be achieved in a straightforward
way. This paper describes the problem with the straightforward layering and lays
out several aternative layering possibilities. The benefits and drawbacks of each
of these possibilities are presented and analyzed.

1 Introduction

The World Wide Web (WWW) has drastically changed the availability of electronically
accessible information. The WWW currently contains some 3 billion static documents,
which are accessed by over 300 million users internationally. At the same time, this
enormous amount of data has made it increasingly difficult to find, access, present, and
maintain the information required by a wide variety of users. Thisis because informa-
tion content is presented primarily in natural language. Thus, a wide gap has emerged
between the information availablefor tools aimed at addressing the problems above and
the information maintained in human-readable form.

In response to this problem, many new research initiatives and commercial enter-
prises have been set up to enrich available information with machine-processable se-
mantics. Such support is essential for “bringing the web to its full potential”. The Se-
mantic Web activity of the World Wide Web Consortium is chartered to design this
future “semantic web” — an extended web of machine-readable information and au-
tomated services that extend far beyond current capabilities ([3,9, 10]). The explicit
representation of the semantics underlying data, programs, pages, and other web re-
sources, will enable a knowledge-based web that provides a qualitatively new level of
service. Automated services will improve in their capacity to assist humansin achiev-
ing their goals by “understanding” more of the content on the web, and thus providing
more accurate filtering, categorization, and searches of information sources. This pro-
cess will ultimately lead to an extremely knowledgeable system that features various
specialized reasoning services. These services will support us in nearly all aspects of
our daily life-making access to information as pervasive, and necessary, as access to
electricity istoday.
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Fig. 1. The Semantic Web Tower

Reslizing thisvision requiresanumber of intermediate and related steps. Tim Berners-

L ee designed a semantic web language tower [http://www.w3c.org/2000/Talks/1206-
xml2k-tbl/slide10-0.html] (see Figure 1) that provides intermediate-language stan-
dards. Based on XML as the universal syntax carrier, a tower of successively more
powerful languages are defined. RDF [15] and RDF Schema [7] define a standard
for representing simple meta data, i.e., shallow machine-processable semantics of in-
formation. The next step is taken by OWL which is currently under development by
the Web Ontology Working Group (http://www.w3.0rg/2001/sw/WebOnt/) of W3C.
OWL will provide aweb-based Ontology language. Further extensionswill providerule
languages and finally a full-fledged machine processabl e semantic web.

We are currently working on asmall piece of the overall puzzle. This paper reports
lessons learnt when trying to layer OWL on top of RDF(S). It turns out that OWL
cannot be defined as semantic extension of RDF(S) while retaining the syntax of RDF.
We will explain the problems we encountered when trying this and we aso discuss
several aternative workarounds. Each of these have their advantages and drawbacks.
The main contribution of the paper is to provide deeper insights on how the language
tower of the semantic web can be organized.

The content of the paper is organized as follows. In Section 2, we describe the
context of our problem. We discuss the semantic web language tower as sketched by
Tim Berners-L ee. Section 3 sketches four different ways on how to layer OWL ontop of
RDF. Section 4 discusses one of these solutionsin more details. Actually this* solution”
is rather a characterization of the problem we encountered in layering the different



languages properly. Section 5 discusses three possible solutions. Instead of indicating
one solution we elaborate the entire solution space and characterize the aternative in
terms of their advantages and draw-backs. Finally, Section 5 provides conclusions.

2 TheContext: The Semantic Web L anguage Tower

Giving areal semanticsto the semantic web languagetower as sketched by Tim Berners-
Leein Figure 1 requires serious work to clarify many of the present technical issues.

URIs and Unicode provide standard ways to define references to entities and to
exchange symbols. XML provides a standard way to represent labeled trees and XML
Schema provides a mechanism to define grammars for legal XML documents. Finally,
the name space mechanism of XML (NS) allows the combination of documents with
heterogeneous vocabulary. These concepts provide the syntactic underpinnings of the
semantic web.

Thefirst layer of the semantic web is provided by RDF. The Resource Description
Framework (RDF) [15] is a foundation for processing metadata; it provides interoper-
ability between applications that exchange machine-understandabl e information on the
Web. Basically, RDF defines a data model for describing machine processable seman-
tics of data. As stated in the RDF Model and Syntax Specification, the basic data model
for RDF consists of three object types:

— Resources: A resource may be an entire Web page; a part of a Web page; a whole
collection of pages; or an object that is not directly accessible via the Web; e.g. a
printed book. Resources are aways named by URIs.

— Properties: A property is a specific aspect, characteristic, attribute, or relation used
to describe aresource.

— Statements. A specific resource together with a named property plus the value of
that property for that resourceis an RDF statement.

In a nutshell, RDF defines object-property-value-triples as basic modeling primi-
tives and introduces a standard syntax for them. An RDF document will define proper-
tiesin terms of the resources to which they apply.

RDF Schema [ 7] defines a simple modeling language on top of RDF. RDF Schema
introduces classes, is-a relationships between classes and properties, and domain and
range restrictions for properties as modeling primitives.

RDF and RDF schema (RDF(S) hereafter) use XML as a carrier syntax but do not
employ any semantics expressed by XML, instead using their own semantics for XML
syntax.

The term Ontology vocabulary (and data based on top of it) in the semantic web
tower may cause irritation. We guess that the author refersto an ontology language that
is arestricted subset of logic to define terminology. Currently, a language called OWL
is under development for this purpose. Most of this paper is about on how to define
OWL on top of XML and RDF(S). Whereas the relationship between XML and RDF
is a simple syntactic one, the relationship between RDF(S) and OWL necessarily has
semantic components as well. The details of this relationship involve a rich decision
space of proper syntactic and semantic layering.



The OIL definition:

<rdfs: Class rdf:|D="Herbivore">
<rdfs:type rdf:resource="oil: DefinedC ass">
<rdfs:subC assOf rdf:resource="Aninal" />
<rdfs: subd assCf >

<oi | : NOT>
<oi | : hasOperand rdf: resource="Carnivore" />
</ oi | : NOT>

</rdfs:subd assCf >
</rdfs: d ass>

What an RDF Schema system understands:

<rdfs:Class rdf:|D="Herbivore">
<rdfs:type rdf:resource="unknown: Def i nedCl ass" >
<rdfs:subC assOf rdf:resource="Aninal" />
<rdfs: subd assCf >
<rdf: Description />
</rdfs:subd assCf >
</rdfs: C ass>

Fig. 2. OIL versus RDF Schema

The semantic web tower figure mentions L ogic on top of Ontology layer. On the one
hand, this may be misleading as any Ontology language should be properly grounded
in logical notions. On the other hand, this may be taken as a hint that on top of an
Ontology language aricher logical language should be provided. Again, we may expect
complicated discussions on an appropriate layering. For example, proposals for web
logic languages may employ a specia semantics, such as minimal model semantics, to
make inference more amenabl e to computer implementation.

Proof and trust seem to be rather applications than a new language level. Anyway
they are far beyond current efforts.

Currently many layering ideas oriented to syntactical and semantical extensions
competewhich each other (http://lists.w3.org/Archives/Public/www-webont-wg/) [6
8]. Working out the proper relationship seems to be much more challenging than just
developing onelayer. So even before we design the ontology language, we need avision
of how the levelsin the semantic web tower relate to each other.

OIL [11, 12], a predecessor of OWL, was defined as a syntactic extension of RDF-
Schema which means that every RDF-Schema ontology is avalid ontology in the new
language (i.e., an OIL processor will also understand RDF Schema). However, the other
direction is also available: defining an OIL extension as closely as possible to RDF
Schema allows maximal reuse of existing RDF Schema-based applications and tools.
However, since the ontology language usually contains new aspects (and therefore new
vocabulary, which an RDF Schema processor does not know), 100% compatibility is not
possible. Let us examine an example. The OIL expression in Figure 2 defines herbivore
as aclass, which is a sub-class of animal and disjunct to al carnivores. An application



limited to pure RDF Schema is still able to capture some aspects of this definition.
It sees that herbivore is a subclass of animal and a subclass of a second class, which
it cannot understand properly. This seems to be a useful way to preserve complicated
semantics for smpler applications.

Recently, ainteresting feature of this approach becomevisible. In general onewould
assume that an OIL/OWL agent can draw more conclusionsthan an RDF Schemaaware
agent. This we will call the model theoretic interpretation of the semantic web lan-
guage tower. However, based on the RDF model theory [13] this turned out to be
not true. Because RDF “sees’ the syntactical definition of an ontology it can draw
conclusions that OWL, which is situated at a logical level, cannot. That is, not every
model for an OWL ontology is aso a model for the underlying RDF representation.
(http://lists.w3.org/Archives/Public/iwww-webont-wg/2001Dec/0116.html) There-
fore, defining the model theory of OWL as an extension of the model theory of RDF
and representing OWL constructs syntactically in RDF leads to paradoxical situations,
i.e., ill-defined model theories for OWL. We will explain these problemsin more detail
in the next Sections.

3 Layeringin the Semantic Web

What is the relationship between the various layers in this Semantic Web tower? Well
this does depend somewhat on which layers are being considered, but there are some
principles and some basic kinds of relationshipsthat can be considered.

First, the various layers are languages, so they have a syntax. The syntax of one
layer can be an extension of the previous layer, the same as the previous layer, a subset
of the previous layer, or just different from that of the previous layer. For example, the
syntax of RDF is a subset of the syntax of XML, as RDF uses XML syntax, but not all
XML documents are valid RDF documents.

Second, the variouslayers, or at least most of them, have a semanticsor meaning. As
the Semantic Web is based on meaning, we should expect that the meanings provided
by one layer form the foundation for the next layer. Otherwise, how can this be called
a semantic web? So we should expect that one layer semantically extends the previous
layer, in that al meanings of the previous layer are mainted by the next layer, and that
extrameanings are provided by that layer. For example, thisis the relationship between
RDF and RDF Schema, where RDF Schema maintains al the meanings of RDF, but
adds new meanings of its own.

However, thereis a point where the Semantic Web moves out of the semantic realm
and into the syntactic realm. At this point we do not expect that the semantics of the
layer, if any, are preserved. For example, the foundation of the Semantic Web is Uni-
Code strings and URIs. However, not al of the UniCode strings in an RDF document
are strings; instead these strings are given a different meaning in the Semantic Web.

In fact, the Semantic Web treats XML as part of the syntactic realm. The semantics
of XML documents are not retained in RDF. Instead RDF provides its own meaning
for XML documents; a meaning that is not compatible with the XML meaning of the
document.



In fact, the only semantic layering currently in the W3C-approved semantic web is
the layering between RDF and RDF Schema. RDF Schema uses precisely the syntax
of RDF. That is, al RDF documents are syntactically-valid RDF Schema documents.
RDF Schemais also a semantic extension of RDF. That is, the RDF Schema meaning
of RDF constructs incorporates the RDF meaning of these constructs.

There are at least four porposed layerings of OWL on top of RDF(S).

1. Same-syntax semantic extension: In this proposed layering, which is the same lay-
ering relationship as that between RDF and RDF Schema, the syntax of OWL
would be the same as the syntax of RDF and the semantics of OWL would be
an extension of the semantics of RDF Schema. This looks like the most natural
proposal. However, as we will show below, this approach leads to an ill-defined
model theory of OWL. Therefore, we describe this solution rather as an enumer-
ation of potential problems than as an actual solution. This “solution” is the point
where our analysis departs.

2. Syntax and semantic extension: In this proposed layering the semantics of OWL is
defined as an extension of the semantics of RDF Schema. The syntax of OWL is
a so an extension of the syntax of RDF. In this proposal many syntactical constructs
of OWL would not be defined in RDF but instdead would use non-RDF XML
syntax. This proposal avoids the paradoxical situations of the previous layering
proposal. However, new parsers would be required to process the OWL language
and an RDF(S) aware agent has a very limited understanding of an OWL ontology.

3. Same-syntax, but diverging semantics: Inthis proposal layering, OWL syntax would
again be RDF syntax, or a subset of RDF syntax, but the meaning of some con-
structs would be different from their meaning in RDF or RDF Schema. In essence,
OWL would treat RDF as a syntax carrier, just as RDF treats XML as a syntax
carrier. Actually, most reasonable versions of this approach would not completely
discard the RDF and RDF Schemameanings, and considerable overlap is possible.
Here an RDF(S) aware agent may understand many aspects of an OWL ontology
(asfar asthey are not beyond his RDF(S) horizont), however, would give some of
them a different meaning from his RDF(S) point of view.

4. Differing syntax and semantics: In this proposal layering, OWL differs from RDF
and RDF Schema in both syntax and semantics. Again, although the formalisms
would diverger, considerable overlap is possible and even desirable.

In the next section we will explain further the first “solution” which is actually not
asolution but away to describe the problem we encountered. In Section 5, we describe
the other three solutions in more detail .

4 The Problem When Layering OWL On Top Of RDF(S)

As stated above, the most attractive way to layer OWL on top of RDF(S), at least at first
glance, isto usethe same layering relationship as that between RDF and RDF Schema.
That is, OWL would have the same syntax as RDF and the semantics of OWL would
be an extension of the semantics of RDF(S). This layering relationship was the one
expected to be used by the designers of RDF(S), at least we so believe based on various



statements about RDF(S). However, as we explain in this section, it is just not possible
to extend this layering relationship to the ontology level because it leads to semantic
paradoxes.

Naive users may argue that semantic paradoxes are not important in the semantic
web. After al, should the semantic web not be able to represent contradictions, and
maybe even reason effectively in the presence of contradictions, and semantic para
doxes are just like built-in contradictions? Yes, but the key point is precisely that se-
mantic paradoxes are built-in—they are present in all situations and thus they cause all
situations to be ill-defined, resulting in a complete collapse of the logical formalism.

41 TheProblemin General Terms

The problem with the same-syntax extension of RDF(S) to OWL isroughly the same as
the problems that broketheinitial formalization of set theory. This paradox, discovered
by Russell, results from an attempt to make sets too powerful.

In the formalization of set theory that contains Russell’s paradox, there is a (very
large) collection of built-in sets. All models for sets include these built-in sets, and
usualy many more. Unfortunately, these built-in setsinclude the set consisting of those
sets that do not contain themselves. Is this set a member of itself? If it is then it cannot
be, because it contains exactly those sets that do not contain themselves, and it does
containitself. If it is not then it must be, via similar reasoning.

Thisviolates the very principles of set theory, i.e., that set membership should be a
well-defined relationship. Because this set has to be in every model for sets, there are
no modelsfor sets, resulting in a complete collapse of this formalization of set theory.

OWL layered on top of RDF Schema as a same-syntax extension has the same prob-
lem. To make the logical foundations of classes in the extension work correctly, there
has to be alarge collection of built-in classes in any KB. Unfortunately, this collection
includesthe classthat is defined as those resourcesthat do not belong to the class. Mem-
bership in this class is ill-defined, via reasoning similar to the reasoning for Russell’s
paradoxical set above. This violates the semantic underpinnings of classes, resulting in
no modelsfor OWL defined in this way.

RDF(S) does not fall into this paradox because it does not need alarge collection of
built-in classes, not having any way to define classes.

4.2 TheProblem in Detail

To understand the details of the problem with a same-syntax and extended semantics
layering of OWL on top of RDF(S) it is first necessary to understand a bit about the
syntax and semantics of RDF(S).

The surface syntax, i.e., the XML syntax, of RDF(S) is being modified by the RDF
Core Working Group, but the basic ideas are unchanged. Further, the RDF Core Work-
ing Group is developing a syntax of RDF(S) [2] in terms of N-triples[1], a cut-down
version of N3. So, for the purposes of this discussion, it suffices to view RDF syntax
as a collection of triples in the form of | subject property object¢, where subject is a
URI or an anonymous node 1D, object is a URI or anonymous node ID or literal, and
property isa URI.



Recently, a semantics for RDF(S) has been defined by the RDF Core WG [13] The
model-theoretic semantics defines model -theoretic interpretations, how these interpre-
tations provide meaning for RDF(S), and how one RDF(S) knowledge base can entail
another. The details of interpretations cannot be given in a paper of thislength, but the
general ideas are fairly standard. Basically, interpretations are built on resources, i.e.,
referenceable objects, literal values, e.g., strings, and binary relationships between re-
sources or from resourcesto literal values. Both URIs and anonymous node | Ds denote
resources, and literalsdenoteliteral values, e.g., strings. Triples denote rel ationships be-
tween resources or from resources to literal values that belong to a property. The only
unusual part of this model theory is that properties are also resources. From interpre-
tations the usual idea of models, i.e., interpretations that satisfy a KB, follow, as does
entailment, i.e., all models of one KB are also models of another.

RDF itself has a simple built-in theory having to do with the types of resources.
It provides a property between resources, rdf:type, that links a resource to the types
that the resource belongsto. As all properties are resourcesin RDF, so rdf:typeisare-
source. The extrameaning of rdf:type accruing fromits status as a rel ationship between
resources and their typesis formally defined in the model theory for RDF.

RDF Schema extends this theory by creating a theory of classes and properties.
Classes in RDF Schema are those resources that can have members, i.e., RDF Schema
classes are resources that can be the object of triples whose predicate is rdf:type. RDF
Schema defines several built-in classes, including rdfs:Class, the class of al classes,
and rdfs:Resource, the class of all resources. RDF Schema al so defines several relation-
ships between classes, including rdfs:subClassOf, the subclass relationship. All these
resources are given meaning by the RDF(S) model theory.

However, the RDF Schematheory of classes and propertiesis very weak. For exam-
ple, itisnot possiblein RDF Schemato provide defined classes—classes give aformula
that determines which resources belong to them. The intent of OWL is to provide an
even richer theory of classes and properties, allowing for defined classes and morerela-
tionships between classes. Some of these defined classes are called restrictionsin OWL.
Therearerestrictionsin OWL that provide local typing for propertiesand restrictionsin
OWL that ensure that there are several values (or at most several values) for a property
that belong to a particular class. Thereis also a construct in OWL that creates a class
from a set of resources.

It is this richer theory of classes that clashes with the underlying principles of
RDF(S), resulting in paradoxes in a same-syntax and extended semantics layering of
OWL on top of RDF(S). Let's now investigate how these semantic paradoxes arise.

As this layering of OWL on top of RDF(S) is a same-syntax layering, all OWL
syntax is also RDF syntax, which is also the same as the RDF Schema syntax. There-
fore every syntactic construct has to be either a URI, an anonymous node ID, aliteral,
or atriple. As the semantics of OWL in this layering is an extension of the semantics
of RDF(S) the denotation of these constructs has to be the same as their denotation
in RDF(S) and the semantic constraints on them have to include the semantic con-
straints on them in RDF Schema. Further, as OWL classes are an extension of RDF
Schema classes, the OWL relationship from resources to their OWL classes must in-
corporate the RDF Schema relationship between resources and RDF Schema classes,



namely rdf:type, and OWL classes must include RDF Schema classes. Let us call the
property that is the OWL relationship from resources to their types, owl:type, which
can either be rdf:type or some super-property of rdf:type.

Now consider entailment in this version of OWL. Suppose we have an OWL in-
terpretation that contains an RDF Schema class C, a property P, and an object O that
has no outgoing P relationships. OWL contains the notion of arestriction of a property
to atype, i.e., given a property, say P, and a class, say C, it is possible to create the
restriction corresponding to those resources whose P's all belong to C. Well O belongs
to this restriction in this interpretation because it has no P's and thus al its P's belong
to C. Therefore we need that any interpretation like the one above is a model for O
belonging to this restriction. However, restrictions are resources and thus this can only
happen if there is a resource that corresponds to the restriction, and that includes O as
a member. So, this simple interpretation will not be correct unless it includes such a
resource and the appropriate owl:type relationshipsto it. Some of these restrictions can
refer to themselves, as there are self-referential loops in RDF Schema classes and thus
this cannot be ruled out in restrictions.

Thus OWL interpretations must include resources for many restrictions, essentially
al therestrictions that can be built out of the classes and propertiesthat are in the inter-
pretation. Aswell, OWL interpretations must have the correct owl:type relationshipsto
these resources. In thisway, each OWL interpretation must have atheory of restrictions,
including self-referential restrictions, and also other OWL constructs. We are now inthe
same situation that the original formalization of set theory was, as the following shows.
Consider the restriction that statesit is precisely those resources that have at most zero
values for the property owl:type that belong to the class that consists of the restriction
itself. In the N-triples syntax for RDFthisis

1 a ow:Restriction .

ow : onProperty ow :type .
ow : maxCardinalityQ O .
ow : hasCl assQ _:2 .
one>F _:3 .

ow :first :1.

:3 ow:rest ow :nil

Thisrestriction, read dlightly differently, is the restriction that consists of those re-
sources that do not belong to it. Thisis not the paradoxical Russell set, but is paradoxi-
cal. Consider any resource. If it belongsto the restriction then it does not, but if it does
not then it does. Just as with the Russell set, if thisrestrictionisin an interpretation then
the class membership relationship is ill-defined. However, thisrestrictionisin all OWL
interpretations, because it is constructed only from resources that must be in all OWL
interpretations. Thereforeall OWL interpretationshave an ill-defined class membership
relationship and thus this layering of OWL is paradoxical.

WN R BRP R

5 Solutions For Layering OWL On Top of RDF(S)

Given that the most attractive layering solution leads to semantic paradoxes, what can
be done? One approach would be to change RDF or RDF Schema in some way, per-



haps by removing some of the parts of RDF Schema that participate in the paradoxes.
However, if we want to keep all of RDF and RDF Schema, it is necessary to pick one
of the other solutions. The intent of this paper, however, is not to acutally do the pick-
ing. Instead, this paper is concerned with laying out the benefits and drawbacks of the
various solutions so that an informed decision can be made between them.

5.1 Syntactic and semantic extension

In the syntactic and semantic extension layering proposal, OWL defines new syntactic
constructs that do not exist in RDF or RDF Schema. However, the syntactic constructs
of RDF are dl valid syntactic constructs of OWL, and have the same meaningin OWL
asthey had in RDF and RDF Schema, or an extension of that meaning. (Even the RDF
constructs that are not addressed by OWL, such as reification, remain as valid OWL
syntax.) The new syntactic constructs of OWL are given meanings that are compatible
with the RDF and RDF Schema meaning of related RDF constructs.

The natural way of defining OWL inthislayering proposal isto maketherestrictions
of OWL be new syntax. These restrictions would have a separate meaning defined by
the OWL model theory. For example, a possible syntax for a maximum cardinality
restriction like the oneabove could be:

<ow : cardinality maxi num="’ 0’ property=""friend ’'>
Per son
</ow :cardinality>

This syntactic construct would be given its own meaning by the OWL model theory,
which would not include its presence as a resource in interpretations. In this way the
model theory of OWL would not be subject to the semantic paradox above.

This relationship between RDF(S) and OWL would be the same as the relationship
between propositional and modal logics. There are many other examples of this sort of
layering between logical and knowledge representation formalisms.

In this proposal for OWL there would still be considerable overlap between RDF
and RDF Schema, on one hand, and OWL on the other. OWL would still have classes
and properties, and would have all the RDF Schema classes, like rdfs:Class and rdfs:-
Resource. It is just that restrictions would not be classes. An OWL system would be
able to process RDF(S) documents, and would give them a meaning that was compat-
ible with the meaning given to them by an RDF(S) system. An OWL document would
generaly include three portions: an RDF(S) portion that set up base facts and typing
relationships, such as John’s friend is Mary and John is a Person; an RDF(S) portion
that creates classes and gives some relationships between them, such as Student and
Person are classes and Student is an rdfs:subClassOf Person; and an OWL-only portion
that gives meaning to some of the classes, such as Student is defined to be those Persons
who are enrolled in a School.

An OWL document would thus not be completely parseable by RDF(S) parsers.
However, many OWL documents would include significant RDF(S) content and an
RDF(S) system that was prepared to ignore the OWL constructs could still extract con-
siderable information from an OWL document. For example, an RDF(S) system would
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have access to all base-level facts, the classes, and their subclass relationships, which
would al still bein RDF(S) form.

In this proposed layering, the Semantic Web tower would be considered as a tower
of more-and-more powerful logical languages, all sharing a common semantic core.
Higher languages would be have more syntactic constructs and would provide more
meaning for constructsfrom lower languages, but would respect the meaningsthat come
from the lower languages. Systems built for the lower languages could be considered
sound but incomplete reasoners for the higher languages, only on the syntax of the
lower language if they did not allow for unknown constructs, but if they allowed for
unknown constructs they would be incompl ete reasoners for the higher languages.

Nevertheless, this layering view has some problems. RDF(S) is not just about base
facts, but also includes a theory of classes and properties. These classes and proper-
ties are resources and thus can participate in base-level facts. This is not a problem
in RDF(S) because of its limited expressive power, but can cause problems in more-
expressive languages, like OWL. For example, OWL could end up having to deal with
transitive properties that are transitive only because they are the value of a property in
some resource. Even worse, this transitivity could be conditional because the property
might or might not be the value, depending on some other information.

For example, if John isaPerson whosefriendsare all transitive properties, and John
has a friend that is either bar or baz, then either bar or baz is a transitive property. This
conditional transitivity can give rise to extraordinarily-complex and difficult patterns of
reasoning.

5.2 Same syntax, but diverging semantics

In the same-syntax but diverging semantics layering proposal OWL hasthe same syntax
(or maybe a subset of RDF syntax) but does not abide by (all of) the RDF(S) meaning.
This may seem rather strange at first glance. After all, shouldn’t the Semantic Web
retain meaning from lower languages. However, the Semantic Web does not do this at
the lowest levels, as it ignores the meaning provided by XML in favour of a different
RDF meaning for documents.

One way to rationalize this form is layering is to view RDF(S) as a means for rea-
soning about the syntax of an ontology. RDF would make distinctions based on the
form of the ontology constructs, for example the order of conjunctsin a conjunction, or
whether two classes are explicitly stated to be digjoint as opposed to having dig cintness
inferred from their properties. On the other hand, OWL would be solely interested with
thelogical consequences of ontology constructs and would not have any access to their
form. In this view RDF would not be viewed as a basic ontology language but instead
as a syntactic mechanism for defining ontology lanuages.

In support of this view, RDF(S) has many strange features considered as an ontol-
ogy language, including reification, syntactic containers, and the metatheory of RDF
Schema classes and properties. These features may only make sense if you use RDF(S)
as a mechanism for defining ontology languages.

For example, it may make sense to distinguish at some level between the definition
of
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— arelationr as an attribute of aclass ¢ versus
— asaglobal property r with c asits domain.

Logically these two are the same but from a modeling point of view they are quite
different. By having two types of entailments we can capture this without running into
any problems. With syntactical RDF(S) reasoning we can ask for different syntacti-
cal styles of an ontology and with semantical OWL reasoning we infer logical conse-
guences of an ontology.

This layering relationship allows us to deal with different modeling paradigms. We
would define a frame syntax for OWL in RDF(S) making sure that it behaves the same
as the non-frame version at the logical level but behaves different at the syntactical
level, i.e., in the frame version you could ask whether something is explicitly defined as
an attribute or as a property. This layer allows us to capture, infer, and query modeling
information, as opposed to logical information.

So, although this layering proposal goes against the logical-extension view of the
Semantic Web, it does have its own benefits.

5.3 Diverging syntax and diverging semantics

One problem with the above approach is that RDF is a terrible syntax for complex
constructs. As everything is RDF is atriple, if OWL has the same syntax as RDF, all
OWL syntax has to be encoded as one or moretriples.

Thisis not asevere problemif an OWL syntactical construct can indeed be encoded
as one triple. However, most OWL syntactical constructs are more complicated. For
example, the cardinality constructs used above have four components, and have to be
encoded asfour triples. Encoding asyntactical construct as morethan one RDF(S) triple
resultsin several severe problems.

First, the triples are not connected. An RDF(S) document could be missing some of
thetriples. If so, what syntactial construct is being encoded? For example, a cardinality
restriction might be missing the property. Second, there is no way in RDF(S) to reguire
that only the appropriatetriples are present. For example, a cardinality restriction might
have extra, random triples attached to it, such as saying that a cardinality restriction
has a friend. Even worse, a cardinality restriction might have two properties or two
numbers. What is being said here? So it might be useful to diverge from the RDF(S)
semantics even when extended the syntax, because adhering to the semantics causes
computational difficulties.

What then remains of the Semantic Web tower? Well, one could say that RDF(S)
really should have been just about triples, and that the class and property theory em-
bedded in RDF Schema is not useful. This would then result in an extension of this
base-triple portion of RDF, and not atotal breakdown of the Semantic Web tower.

In this layering view, OWL takes the useful portion of RDF syntax and semantics,
and replacestherest (both syntax and semantics) with asyntax and semanticsthat works
for the ontology layer.
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Fig.2 The tower of Bahel
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6 Conclusions

Figuring out the proper principlesfor building up the semantic web language tower will
require morework and recalls earlier approachesin knowledge representation [5, 4] and
knowledge modeling [14]. Thiswork should prevent the language tower of the semantic
web from looking like the famous tower of Babel, c. ., Figure5.3.

In this paper we took the first stepsinto the direction of a blue print for the semantic
web language tower. We were focussing on how to build the fundament for OWL, which
is thefirst floor of the ontology-enabled web. We explained some problems that occur
when naivily building OWL ontop of RDF and we described three possible strategiesto
overcomethe problem. Instead of prefering one solution we describe the solution space
with various choices and their pros and cons. It will be up to the Web Ontology (We-
bOnt) Working Group of the Semantic Web Activity of the W3C, the recommendation
organization of the World Wide Web, to determine the actual strategy to usein OWL.
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