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Abstract This paper discusses the predicaments surrounding
web service description, advertising and discovely.
provides an overview of the various technologieslved

and advocates how current state-of-the-art stanganach as
UDDI and WSDL can be enhanced by means of concepts
from the semantic web vision such as RDF, RDF Salzerd
DAML+OIL. Moreover, it is shown how semantic metada
specifications can be considered as (a) layer(spvab
syntactic metadata modeled by means of XML schemas.
Finally, suggestions are made for further reseatotvards

the enhancement of current web ontology effortsn se the

light of web service description.

1. Introduction
1.1. Towards structured web documents

A key factor in the World Wide web’s initial suceewas undoubtedly its
simplicity. It allowed in a very natural way to interconnexdtunks of
information that were dispersed around the worlche Tlatter was
accomplished by means of tlgypertextparadigm: the information was
represented in (static) HTML pages and interrelétedneans of embedded
links to other pages. The HTML specification wagnarily targeted at a
humanaudience: its main purpose was specifying a dootimpage layout
Obviously, the way in which a document is visualizes an utterly
important factor in a human reader’s abilityclamprehendhe information
it contains.

The concept of having a world-wide network of imf@ation at the fingertips
from a single client application, the web browseas so appealing, that the
demand arose to disclose other types of informafimm this same
“universal client” as well. However, whereas thebigeinitial objective
entailed the (stateless) sharing of data betweenan beingdy means of



publishing and consultingtatic, interlinked information, ambitions were
adjusted to reach far further than that. The welwber was now considered
as the client interface by which end users coutdratt with dynamic
session-based applications that were able to perfmmplex transactions
on data stored in heterogeneous resources. Moreavéuser’” was no
longer necessarily human: web data was to beammehine-processahle
such that applications could interact with one haoin an automated way
and “understand” the data being exchanged, withaotan intervention.

The property of the original web language HTML lgeoonfined to a fixed
tag set, which in addition focused layout rathentlstructure, was nearly
prohibitive to automated document processing othan presenting it on
screen. All this changed with the introduction d¥iX, which allowed for a
document’s tag set to be freely defined, with tlagst comporting a
structural connotation, rather than a layout one. In this wagrkup dealt
with what an elemenneantinstead of how it was to be visualized. At last,
computers were able to better “understand” therimé&tion contained in
web documents, provided they knew how to handlectiieesponding tags.
Moreover, the use of DTD’s and, even better, XMbhena's, allowed to
prescribethe structure of a certain type of documents, shahall instances
of such type could be checked for their validityd arorrespondence to the
schema. As a consequence, computers were ableote iknadvance what
kinds of documents could be expected, hence theg weepared to deal
with them, provided they had access to the cormdipg schema
definitions.

1.1. Web services and the semantic web: dichotomy or ... ?

Whereas the acceptance of XML is virtually unanisoapinions are much
more divided with regard to how its undeniable lits@re to be exploited
in present web development efforts. On the one htrade is the view of
many commercial enterprises, which look upon XML the enabling
technology for a web that consists s#rvices which interact by means of
the web equivalent of remote procedure calls. @nother hand, there is the
vision of the semantic webwhich looks upon the web as a colossal
repository ofknowledge which can be reasoned upon by intelligent web
agents. This paper arguments how both visions, indastry-driven and
somewhat pragmatic, the other still ill-defined gom@mature, should not
necessarily contradict one another, but may actualin from each other’s
insights.

First, it is shown how current state-of-the-art veelovice technology can be
considered as a web variant of distributed objechitectures such as
CORBA and DCOM. Thereafter, accompanying web sendescription



technologies are discussed, such as UDDI and W®D&.then advocated
how semantic web concepts can be applied sucdigssfienhance existing
web service description technologies. First $benanticlayer is discussed,
based on RDF and RDF Schema. Thereafter, a bréat/i@w is provided of
current attempts to standardize tir@ological layer, with emphasis on the
potential contributions to web service descriptidriast section formulates
conclusions and suggests issues for further relsedowards the
enhancement of current web ontology efforts, seerhe light of web
service description.

1. Towardsaweb of services
1.2. Introduction

The evolution from a web of static pages to welvises is closely related
to the way in which the web has been exploited bynganies to do
business. At first, companies were just “presentttee web. It was used for
unidirectional communication by means of static HTNages, which
provided product information and a general overvawhe company. In a
second stage, company web sites acquired a meaimeractivity. They
were mainly targeted at B2C communication, not anfgrming customers
about the company, but also allowing them to diyggtirchase products or
services through the web site. Techniques involwede e.g. CGI scripts,
servlets etc. Note that, in this stage, the end wss still supposed to be a
human being.

In a third phase, it became obvious that the rahlevof doing business on
the web was primarily to be found in the automatafrB2B interaction.
Initially, this was mainly accomplished by replagipaper documents such
as product catalogues, purchase orders, invoices gt an electronic
counterpart. XML was utterly useful as data forrfatthis purpose, as it
allowed annotating the documents’ content with tHust described the
meaning of each element, such as price, quantity, delivadress etc.
Moreover, interacting companies could mutually ago@ a DTD or XML
schema for each document type involved in theirdaations, such that the
information embodied in a valid document could leeyveasily processed
automatically: an information system knew whatdtld expect. Although
several efforts exist to define standard XML tagsder various kinds of
business documents (e.g. Rosetta]?ét), this approach was mainly taken
by companies that were already long standing basipartners and already
possessed established interaction protocols, &.gnéans of EDI, fax or
paper. The XML documents were just an electronisiea of these existing
document types. Most important was that many “statid interaction



patterns could now be automated: where possibleymamication was
conducted between computers instead of betweenrsima

However, instead of being document-based, autonB2&linteraction can
be accomplished by means of another paradigm dsWn latter originates
in the distributed object architectures that ardl wstablished as an inter-
application interaction mechanism in a single gmiee and which are
essentially object-oriented variants of remote pdoce calls. However,
although techniques such as DCOM, RMI and CORBAsarecessful on
the local network, they largely fail when transpbse a web environment.
They are rather unwieldy, entail too tight a conglbetween components
and above all conflict with existing firewall teabingy. However, all of this
changed when a simple, lightweight RPC-based meéstmawas devised,
that was independent of Internet wire protocols &mtdrnal application
architectures: SOAP (Simple Object Access Proto28]. SOAP uses
XML messaging over plain HTTP, thus avoiding firdwg@roblems
(asynchronous communication can also be accomplisvia SMTP).
Although SOAP supports document-based as well & Bi#3ed interaction,
the latter seems to become the predominant tecgyolior B2B
communication. Hence SOAP is basically a technoltugwallow for RPC
over the web. It consists of a very simple requegly mechanism: the
client marshals a method call and parameters mt§ML document, which
is sent to the server. The server parses the douweme marshals the result
into another XML document, which is then returnedtte client.

Web servicescan then be defined as self-contained, modulatwaoé
components that expose specific business functtgrai the Internet, such
that other applications can use them by meanstabkshed web protocols
and data formats such as HTTP and XML. SOAP is inég the de facto
standard for web service interaction. Enterprisasliph only a limited set
of services instead of entire applications. Thiprapch closely resembles
distributed object architectures such as CORBA, revhee limited set of
methods on an object’s public interface can beedatemotely, with the
actual implementation details beirgdden from the outside world. The
biggest difference is SOAP having a much more \Vighght
implementation, which is far less obtrusive to 8®g web standards and
firewall protocols.

Such service-based interaction allows for integrptiand aggregating
information systems (and business processes) dlangntire value chain
into an ad-hoc distributed environment of loosedygled components that
interact by requesting services from one anotheisefvice can provide
information, e.g. a weather forecast service; iy tave an effect in the real
world, e.g. an online flight booking service, otlno



1.2. Advertising and discovering web services

Obviously, a key requirement for a successful wetvise is that potential
users are able to discover and use it. If intepacshould be accomplished
in an automated way, other applications should lile # find the right
serviceand obtain the information necessary to interact withHence an
automated advertising and discovery mechanismadet In its most basic
form, this could be seen as publishing a simpledexument describing the
service on the web. However, traditional text-basselarches are
unsatisfactory because they are largely inaccueate the same search term
may have a different meaning in different contegigionyms are not taken
into account etc. To facilitate and improve webvemr advertising,
discovery and invocation, SOAP has spawned two rothehnologies:
UDDI (Universal Description, Discovery and Integoa) and WSDL (Web
Service Description Language).

1.1.1. UDDI

UDDI [24] defines a framework that allows organizatidas discover
services offered by other organizations as welldascribe their own
services and explain how they want to conduct mssirover the Internet. At
the heart of UDDI sits the XML-based virtublDDI Business Registry
directory. The latter can be seen as a physically distrdhuibeit logically
centralized collection of registries in which thetrées describe business
entities and the web services they offer.

The UDDI specification is described by means of XMichema. The
information provided contains four levels: the tlgvel element is the
Business entitywhich provides general data about a company sash
address, a short description, contact informatiord aother general
identifiers. This information can be seen as théitev pages” of UDDI.
Associated with each business entity is a lisBakiness serviceShese
contain a description of the service and a listaiegories that describe the
service, e.g. purchasing, shipping etc. Categaieservices can be further
specialized according to standard taxononmsesh as industry branch,
product, geographic location, etc. The latter carcbnsidered the “yellow
pages” of UDDI. Within a business service, one areBinding templates
define the “green pages”: they provide the moréneal information about
a web service. The latter is required by applicafioograms that intent to
use the service, e.g. the web address to contaddtvice, specification of
types of input and output etc. They also assod@aservice with &ervice
type The latter is defined by #odel which contains pointers to low-level
technical specifications for the service type sashmessage protocols, the



exact format of possible input and output etc. HEiter is conceived as an
opaque set of identifiers that refer to the acinébrmation sources that
provide technical details. In this way, many coniparcan provide web
services that implement the same service type amad@npatible with the
same high-level specifications.

UDDI can be seen as the “telephone directory” obwervices. As such it
represents a service itself, with information abaither services as
“merchandise”. Direct interaction with the UDDI isgy is possible via
SOAP. UDDI defines two API's: ainquiry API and aPublisher's API.
However, the majority of the queries are likelyti®e conducted through
existing Internet search portals and marketplaggsch use the UDDI
repository as a data source. In this way, UDDI lsarseen as a complement
to these, rather than a substitute. The secondc&kbe called by a business
to register the services that it wants to exposeise by other businesses.

1.1.2. WSDL

Whereas UDDI provides a “forum” for advertising welrvices, it is
complemented by WSD[29], which builds upon XML schema to define an
actual XML vocabulary for such description. WSDL describes a web
service by means of tHermatof a request to the service. It looks upon the
web (services) as a collection ehdpointsor ports Endpoints interact by
exchanging and operating omessagesA message defines the data format
to a single request or response in the communitaach possible request
or response is described by a message element. sage may contain
either procedure-oriented or document-oriented rin&dion: it may
represent a procedure call and its parameters acaral document being
exchanged. WSDL makes use of XML schema for lovelledata typing.
Operationsdefine abstract definitions of an action suppoligdhe service.

A port type groups an abstract set of operations that makeaosingle
logical operation, as supported by one or more eimdg

Reuseof service definitions is facilitated by initialigefining messages (i.e.
descriptions of the data being exchanged) andtppets (i.e. collections of
operations) on an abstract level, after whilsby can be associated with a
concrete network protocol and message format bynme# abinding A
port is defined as the combination of such binding anietwork address.
Finally, a service is perceived as a collectiorpofts. Hence a service can
be seen as the mapping of port types and bindinghet URI where the
service can be called. In this way, the same ser(ie. with the same
description) can be offered from multiple URI'’s.



Recently, WSCL (Web Services Conversation Langudg8) has been
developed as a complement to WSDL. Whereas ther Iapiecifies how to
send messages to a service, it does not statertte ,m which such
messages are allowed to be sent. This issue igssilt in WSCL, which
defines legal sequences of document exchange betwele services. Other
emerging standards, which partially overlap with RIDand WSDL are
ebXML [6] and E-speak7].

1.2. Evaluation

The technologies described previously each ateiltheir piece to the
jigsaw of automated web service interoperabilitiie Tatter can be depicted
in layers. At the lowest level, XML is irrefutabbes the standard for data
encoding and formatting. SOAP packages these dataransfers it from
system to system. Above that, SOAP is bound to cinah web protocol
such as HTTP or SMTP. At still a higher level, UDbffers a forum for
companies to describe the services they offer andiie about services
made available by other companies. WSDL providéanguage for such
descriptions.

Although not all specifications in the scheme haheady attained the
status of W3Crecommendationindustry commitment to them is already
impressive. This can be explained by the fact thahereas these
technologies are quite novel and maybe didn’t egenthe time to fully
mature, they can be interpreted as web equivat#nigell-proven concepts
from the distributed object world. E.g. UDDI is a&dd to the concept of
CORBA interface repositories, whereas WSDL cana(tzertain extent) be
considered the IDL of web services.

However, whereas LAN-based technologies such asBXORill pertain to

a manageable number of services, transposing &siagiproach to a world-
spanning environment such as the web may resuleig poor searching
performance, especially considering the expectedsr rate of the number
of services. UDDI only accommodates for a rougtstdievel filtering of
available services; a more detailed selection aNe to be carried out by
means of direct communication with the service e Obviously, this is
unacceptable when the number of initial searchisitaige and one has very
detailed requirements about the specificationshef service to be used.
Also, whereas traditional distributed object tedbgees base their search
criteria on thetype of interfacean object implements, this may be totally
inadequate for web service selection. Web servic#sonly deliver some
kind of return value to a request, they may alseehan effect in the real
world. This effect may be a much more importanraeariterion; the web
service’s “interface” will only be a secondary face



Still, WSDL describes a web service by means offarenat of possible
request and responses. UDDI provides a categaizatnechanism
according to “real-world” criteria such as indusbmanch, product type and
geographic location, but it is in no way destingddscovering services
based on fine-grained specifications of what isuiegl from the service.
Therefore, we advocate that resource descripti@hni@ogies that are
categorized under the denominat&@emantic Webmay very well fit into
the framework ofveb servicesis well. Moreover, it will become clear that,
whereas the vision of the semantic web has comevayp near its full
potential yet, this does not prevent some of ithiéques to be already
utterly rewarding in the web of services that extstday.

1. Attributing semanticsto Web resour ces
1.3. Introduction

The approaches sketched above make use of XMLstemdardized way of
exchanging structured data. XML allows for selfidedl tags, which carry a
domain-specific meaning. Also, the capabilities BTD's and XML
schemas to define document types allow the reagivaystem to
automatically check whether a document satisfies gpecifications of its
type. Hence the metadata are used iprescriptive way to check for
document validity. Initially, such document typesflected abusiness
reality, i.e. they were modeled after their paper-basedguessors such as
purchase orders and invoices. However, with an R&€&d approach
gaining over pure document-based interaction, XML used in short
messages that describe method calls to web servigbsiously, the
corresponding XML schema definitions are modelazbedingly.

More or less simultaneously with the emergence eb vgervices, the
concept of thesemantic welvas born. Once more, the web is envisaged as a
medium for machine-to-machinénteraction but the approach taken is a
radically different one, although it equally has KMs a catalyst. This view
keeps closer to the originalocument-orientechature of the web. The
document notion is retained, although abstracttomade from how such
document is stored physically. Documents are noesgarily static; they
can be stored statically as real documents, theybeapublished from data
in e.g. a relational database or they can evennliesky virtual, such as
XML-based dynamic views over relational databasda.darhe only
requirement is that they can be identified by a URégardless of their
origin, to make such documents machine-processablmantic metadata
are to be added, such that computers can bettdefstand”’ the documents.



The latter lead to the vision of a semantic welweb of interconnected
documents that are semantically sufficiently rioth allow for fully
automated searching and procesgitig Here also, XML was considered a
godsend because the self-defined tags allowedtfiobwting semantics to
document contentHowever, it soon became clear that self-definegst
alone were not sufficient for semantically rich doent description. The
same tag can have a completely differaeaning depending on the domain
in which it is applied. For instance, a <client> tagy refer to a customer or
to a part of a software architecture. On the otiaard, different tags may
actually be synonyms and should therefore be acletned as referring to
the same real-world concept. Consequently, XML s@is can be deemed
as inappropriate to attribute a semantic meaningags, as they mainly
formalize thedocument structutd.e. how elements are to be nested in one
another, but not what these elemantsan

Therefore, apart from XML schema, another standaad developed for
attributing metadata to web documents. Called RREspurce Description
Framework), the standard has since reached recodatien status with the
W3C. RDF can be seen as a very lightweightology language An
ontology can be defined as Shared understanding of some subject area
which helps people or processes achieve better concation,
interoperability and effective reuse. The ontologymbodies a
conceptualization - definitions of entities, thattributes and relationships
that exist in some domain of interest. The conedzation is explicitly
represented [25]. The next two sections provide an overviewR&®F and
its complementary standard, RDF Schema.

1.3. RDF

RDF[13] is based on the extensive research effortsluwcted in the field of
knowledge representatiarpon such topics as semantic nets, frame systems
and logic languages. Developed as a standard fptuiag semantic
metadata it offers a syntax and data model to specify sdgios to web
resources with the explicit requirement in mindtthizese specifications
should be machine processable.

RDF's data model consists of three building blodRgsourcesmay be
anything: entire web documents, specific partsarfuinents, collections of
documents but also real world objects such as psrsmuntries... anything
that can be identified by a URPropertiesdescribe a resource by relating it
to another resource or atomic value. This is acdisimd in statements
which consist of the combination of a specific igse (the statement’s
subjec}, a named property (theredicat§ and a value (thebjec), which
may be a resource or a literal. The (subject, pegdj object) triple is RDF's



basic modeling primitive. Moreover, the conceptaification allows for a
statement to be denoted as a resource itself, wtachthen become the
subject (or object) of new statements. Becauséiiefgossibility ofmeta-
statementsi.e. statements about statements, RDF's underlgiata model
can be looked upon as a labeled hyper-graph. Aenaeguence, a limited
degree of automataeasoningis possible over RDF models.

An RDF specification is to be considered as metadatthat it describes
another document (or resource in general). Howal#rough XML schema
is also targeted at specifying metadata to (XMleguments, its purpose is
very different. Instead of being concerned with woentstructure RDF
really deals with a document&manticsandmeaning Also, because RDF
is graph-based and XML is tree-based, semantitioriabetween concepts
can be modeled much more naturally in RDF thanMLXThe same RDF
specification can be represented in different wiayXML, e.g. a relation
between aook and itsauthorscan be denoted in XML as a <book> tag
being nested in an <author> tag or vice versa. Eumbre, whereas XML
Schema iprescriptiveabout a document’s (structural) properties, RDiR is
the first placedescriptive it attributes semantic properties to a document.
These do not restrict the document in any way, fmaly assist in its
interpretation. Finally, whereas XML schema is &ip} targeted at XML
tags, RDF adds semantics to arbitrary resourcetoulit making any
assumptions about their structure. Moreover, RDRadsta are stored
separately from the document they describe, i.e- @Bes not (necessarily)
relate document structure to conceptual termsait be applied both to
structured information and to unstructuigtbrmation. If a document is not
written in XML but in e.g. HTML or a word processtarmat instead, its
semantics can still be described in RDF. Howevethe data document is
not structured, semantics can only describe therdeat in its entirety. An
XML document on the other hand, can be structuoectfiect the semantic
specifications laid down in RDF. For that purpabe descriptivemetadata
in RDF can be translated topmescriptive XML schema, such that XML
documents that are instances of the schema comighytie semantics laid
down in RDF. In this way, semantics can be attabuto a document’s
elementsinstead of to the document as a whole.

A very important asset is that XML can be usedealization formator
an RDF description, i.e. an RDF specification cambitten down in XML.
As a result, it becomes very easy to exchange RPfadata over the web
as XML documents. It is worth noting that an RDEedfication can result
in two different kinds of XML documents: one mayvhathe RDF model
itself as content whereas the other may have dat@amply withthis RDF
model as content.
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Although a few of RDF'’s properties (e.g. its awkd/iaerialization model)
are vehemently criticized by some members of theCW®mmunity, it

appears to have become the standard for semantielmg in the web. In

our opinion, its two strengths are in that an RQ#ec#ication can be
serialized to an XML document and the fact that RIBFvery easily

extensible, to overcome its initial weaknessesuAdamental extension is
RDFS (RDF Schema), as discussed in the next section

1.3. RDF Schema

RDF offers only very basic modeling primitives. RBR2] extends RDF by
introducing a set of pre-defined concepts, of whia semantic meaning is
specified externally. They allow for capturityping semantics, comparable
to an object-oriented model, which cannot be exgg@dy RDF alone. The
concepts are, among others, thassresource, thesubclassresource, the
subclass-ofproperty and thenstance-ofproperty as well as domain and
range constraintsto properties. RDFS is itself specified in RDF tsyn
Moreover, it has the peculiar property of usingaten constructs to define
itself, e.g. thesubproperty-ofproperty is defined as, indeed, an instance of

property.

RDF Schema takes a thoroughly different positionatmls RDF than the
XML Schema specification does towards XML: XML Saleeprescribes
the order and combination of tags in an XML documB®FS, conversely,
does not constrain the syntactical properties oR&# description in any
way, but only describes and extendsthe description with additional
semantics about the resources and properties @sedhe other hand, an
RDF Schema can be translated to an XML schenpaescribea document
type, of which the instances will comply with theDR Schema
specifications. The semantics expressed in thiswithype much richer than
with RDF alone, because of the abstract typing @mtbtraint information
that can be added by means of RDFS. Finally, becRI&§-S is written “in”
RDF, it is obvious that an RDFS specification carsbrialized by means of
XML, just as an RDF specification can.

1.3. Evaluation

Attributing semantic metadata to documents is @gdahthese documents
are destined for automated processing. Although XBtthema is a
tremendous improvement over DTD’s, its use remé&ingely restricted to
modeling syntactic properties, not semantic oneswévVer, purely
structural metadata is unsatisfactory as a basignfiatual understanding
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between information systems. Indeed, data shoulamly be provided in a
structured way, a remote system should also betaligerpret and process
them. There is no doubt about XML's role as theversal syntax for web-
based data exchange, but without proper semantamunding, the
interoperability problenremains: for the same kind of data, one is able to
compose numerous different XML document types aD'BTor XML
schema’s, each with a totally different structukéthough it is possible to
transform one such scheme into another by measSbfl, defining such
mappings may be a complex and laborious task, whih hardly be
automated18]. Obviously, this problem becomes even mori@gént in the
case of fast evolving schemas. Therefore, intailigeteraction on the web
should better not be based on XML document strectinut on the
semanticof the concepts embodied within a docuniémi.

Attributing semantic metadata to documents is @sdahthese documents
are destined for automated processing. However, regse semantic
metadata is crucial to automateddcumentprocessing, this is also true for
web servicesthat are destined for automated interaction. Wdserthe
semantic web vision was in origin document-orientéd following section
arguments how RDF(S) is equally effective for disieg web resources
representing services that are to “understand’amather in order to be able
to collaborate effectively. Semantic interoperapilbbetween web services
can be based on a common vocabulary described iR, Riftributing
semantics to both the services themselves and #ssages/operations they
use to interact. The XML syntax is still presenadbwer level, to provide a
serialization format to both the RDF metadata andricode the messages
used for interaction. As to the latter, XML has thdvantage that the
message structure will actually reflect the speatfon at a semantic level;
such that semantic concepts can be extracted fae emsily than if e.g.
HTML is used. RDF(S) based descriptions can enhamele services in
multiple ways, as discussed in the subsequentossctiThe delineation of
topics is loosely based ¢h7].

1. A semantic description of Web services
1.4. Description, advertising and automatic discoverfyveeb services

The primary goal of the semantic web is to fadditautomated searching
and processing of documents, because the metaltatafar computers to
better “understand” them. The latter is, howevast restricted to static
documents, but can be applied to web services inveays. First, it allows
for describing the input and output parameterdiédervice. This can also
be accomplished by means of WSDL, but RDF allowsafsemantically
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much richer description: the parameters themseataesbe related to other
resources for further specification, instead ofyostating the parameters’

type

However, as already said, specifying a service l\gole terms of its
input/output data types only offers a very inconmplpicture. Especially
since the ultimate goal of many web services iprtvoke changes in the
real world, e.g. debiting a credit card in exchange for tekvdry of a book
at a certain address. The latter cannot be descallequately in terms of
input/output. Particularly in such case, it is intpot to be able to describe
what the serviceloes Again, RDF(S) is utterly appropriate for this diof
specification. In general, web service specificattan be accomplished in
RDF by depicting the service in a semantic netwuith the service itself at
the “center”. The web service is represented aRR@R resource which is
semantically connected to other resources. Somkerepresent input or
output data specifications; others will represeesatiptions of how the
service influences the real world. Obviously, bhd possibly other) kinds
of properties can be combined in a single seardtribAtes describing a
web service can in their turn be related to addéiaesources, e.g. to find
synonyms, to discern between different possible mmgg in different
contexts etc. This is the best way to guarantee gbevice provider and
service user effectively agree on the meaning ef tdirms used in the
service description. Finally, the full potential BDF Schemas allows for
web service classification that is far subtler thiaen standard taxonomies of
UDDI: superclass/subclass relationships and sulepties can be used to
refine search criteria arr@asoningon the specifications may even result in
categorizations being derived that were not intdratéginally.

Applying semantic web techniques to encode theqitgs and capabilities
of web services allows for more accurate descmigtiovhich can be used to
enhance the quality of results produced by seamgines and matchmaking
systems, e.g[11]. As such, it will become easier to find thequeed
service, especially if the number of services witbunt dramatically over
the coming years and the need for more preciselseaiteria becomes
stringent. Importance of the latter is not restiicto B2B interaction, but
applies to B2C as well. An example is the developneé intelligent agents
that interact with web services on behalf of a harmmastomer e.g. to book a
flight, schedule an appointmestic.

1.4. Automatic service invocation
Once the appropriate web service has been selenteslyen more complex

problem is the ability to invoke it and interactthwit in an automated way,
without human intervention. For that purpose, poétrusers need to be
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able to retrieve information about how a requesth® service is to be
conducted. This will again include details of thetit that is to be provided
and the output that can be expected. At this statgm a lower-level,
syntactical description of the exact messtmenatswill be indispensable.
Whereas such specification will be quite straigiwlrd for very simple
services such as currency conversion services, they become
considerably more complex in the case where meltipbes of inputs and
intermediate conditions may result in a diversegeanf possible types of
output, e.g. an online car rental service. In sta$e, an explicit description
of the service’sogic may be required. Also, “real world” properties,iah
cannot be considered input or output parametersvbich may definitely
affect the outcome of a transaction should be takEBnconsideration, e.g.
whether or not a product is in stock.

Evidently, such kind of specification goes muchttier than the mere
“interface” definition that can be provided by meaof WSDL. Again,

semantic relationships modeled by means of RDF epttbeir value. For
instance if the value of certain required inputapagters is not know to the
calling application or agent, the semantic netwofknterrelated concepts
may suggest alternatives or may provide informatabout where the
needed input can be obtained or how it can berider

1.4. Automatic web service composition and interoperatio

Taking the latter issue a bit further, we can imagin agent that is provided
with a high-level description of a complex task antonomously conceives
a strategy to accomplish it. The latter involvesisiag selection criteria to
find services that may be of assistance in accaiplg the task. Searches
are to be issued according to these criteria andéhvices that will actually
be used are to be selected. In accordance withspleeifications of the
selected services, the agent should be able to ioenthem and interact
with them in an appropriate manner. Again, serdescriptions should not
only entail input/output formats, but also speeifions about the effect(s)
on the real world. For that purpose, a processlagyocan be specified,
which describes individual and composite prograrasedher atomic or
composite processes, such that their invocation @mdposition can be
automated. Again, the typing system of RDFS alléavsuch services to be
specified at a high level of abstraction and spieeid and refined for
concrete situations. For instance a high-level ifpation of a service
ontology for a generic sale over the web can beiajiged and extended
with particular, customized features, for specises such as an online
bookstore, a flight booking service etc.
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1.4. Evaluation

An early attempt at an RDF-based standard for vegbice description is
RSS (RDF Site Summary22]. However, as a first step, service providers
can port their existing metadata regarding theivises to RDF. The
standards for service advertisement discussedctipeel..2, such as UDDI,
WSDL, ebXML and E-speak can be reused quite easign RDF context.
Transformation schemas exist for representing gacifications by means
of RDF primitives, e.g[19]. These RDF-based specifications can then be
serialized as XML documents. The combined spedifioa provide an
embryonic semantic network, which can graduallyebhdched with further
metadata. In this way, a web service becomes aateasource in a web of
other resources, some of which provide access ptinthe service, others
contain static documents that describe the senwitle metadata such as
name, description, cost, message schema, etc & ¢at automated
discovery and invocation. The corresponding serdiescriptions could be
automatically incorporated into RDF-aware searchgirees and
classification systems.

1. A layered semantic Web
1.5. RDFS specifications as the semantic layer

XML schema and RDF(S) should not be seen as sutestjtbut rather as
complementary specificationg12] and [20] make the comparison to
relational database design: the RDF model fulfiie same role as the
Entity-Relationshipmodel, capturing real-world semantics as trutlyfas
possible. An XML Schema can be compared to a lbglatabase model,
modeling the logical data structure based on tkeseeptual specifications.
Finally, the XML code itself is comparable to tledational data.

However, although the previous sections alreadywsko the clear
advantages of attributing semantic specificatioosweb resources, the
complete semantic web vision is even more ambitibas that. The entirety
of the semantic web is still quite ill-defined, thest complete overview to
date can be found [i]. Here, the RDFS specification is in itself cfesed
as a semantic layer above the structural layer coase XML schema
definitions, but with still some other layers abateAt the lowest level are
the actual documents, which are preferably made ML, although this
is not strictly required. Namespaces allow for weiddentification of tags.
The layer above describes the document typesttetural levelby means
of XML schema definitions. A third layer describése resources at a
semantidevel, by means of RDF and RDFS. Above the semdayier sits
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the ontologylayer. Above the ontology layer are still otheydes situated: a

logic layer, a layer oproof and a layer ofrust The three uppermost layers
have not been realized to date and merely existbatract ideas. Current
research primarily focuses on the ontology laydth@ugh these efforts are
still far from standardization, the insights gaimedy already be pertinent to
web service description.

1.5. Beyond the semantic layer

Indeed, RDFS provides a means to define semamtiegeeb resources and
can in itself be seen as a very basic ontology hmgiéanguage. However,
RDFS lacks expressivity to be truly adequate fdi-ffedged ontological
modeling and reasonin{B]. It does not define necessary or sufficient
conditions for class membership, nor equivalencd disjointness of
classes. Moreover, constraints on properties asticeed to domain and
range. Its biggest lacuna, however, is the fadtittaown semantics remain
under-specified[17]. Therefore, current research is targeted dinitg
more rich ontological languages, based on XML markiarlier efforts
such as SHOH15] and Ontobroken8] were specified directly above
HTML. More recently, it is envisaged extendRDFS rather than replace it.
Indeed, RDFS is very easily extensible: in the sarag as RDF Schema is
used to define itself, it can be used to defineeotintology languages. In
this next section we will discuss the most maturéhese languages, called
DAML+OIL and indicate their relevancy to web semvidescription. An
overview of other approaches is providedsh

DAML+OIL [26] is the result of a merger between two existimgology
languages: DAML-ONT (DARPA Agent Markup Languad#p] and OIL
(Ontology Inference Layer]10]. DAML+OIL defines extension to RDF,
such that a full-fledged knowledge representatiorgliage can be expressed
in it. For that purpose, formal semantics, borrovredn description logic,
are combined with frame based modeling primitived a syntax based on
XML. DAML+OIL extends RDF with efficient reasoningupport, formal
semantics and enriched modeling primitives. Asht latter, where RDF
properties could only be constrained in their domand range,
DAML+OIL allows for defining additional property ostraints, such as
cardinalities, inverse and qualifiers such as ‘itiwe” and “symmetric”.
DAM+OIL primitives can be defined by means of RDEh8ma, such that
any DAM+OIL ontology can be expressed in RDF syntAs. a result,
DAML+OIL is fully backward compatible with RDF(Spntologies written
in DAML+OIL are valid RDF documents. They can stile partially
interpreted by any RDFS-only proces§ggir
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DAML-S [4] is built on top of DAM+OIL. Explicitly focused mo web
services, it defines several ontologies in the DANI+@arkup language to
enhance web service description. Automatistcoveryis facilitated by
means of a markup language for encoding propeaties capabilities of a
web service. Moreover, a process ontology is ddfieecater for automated
service invocation Finally, automated servicecomposition and
interoperationis supported by means pfeconditionsand effects which
define respectively the prerequisites and consempgenof using an
individual service. Further research envisagesighelopment of DAML-L,
a logical language, which is to provide supportrides and reasoning.

The DAML family of languages (and DAML+OIL in partitar) can be
considered as the basis on which the Web OntoldggbOnt) working
group endeavors to come to a standardized web ontologgubkge.
According to its chartef9], such language is to extend RDFS to allow for
more complex relationships between entities, iridgda means for
inferring implicit class membership and a well-defi model of
specialization and property inheritance and overgd Applied to web
service description, such language will allow sesito truly interact on a
semantic instead of a syntactic level. Again, ag@s can be put to use in
three ways: to facilitate automatetiscovery of a service, to facilitate
automated invocation and to facilitate automated composition and
interoperationbetween multiple services. Future layers above ahtology
layer may allow foreasoningandproof. In this way, agents will be able to
use assertions from around the web to derive aonaepnew knowledge, e.g.
to ascertain that a given transaction has been letatbin a satisfactory
way. Finally, atrust layer, based on encryption technologies, may aftmw
agents to trust assertions of other parties, idstef re-inferring all
knowledge necessary to complete a transaction fsomatch. However,
actual implementation of the latter layers is bymeans a prerequisite for
the semantic and ontology layers to be valuableth@ web service
environment of today.

1. Conclusions and consider ations
Whereas the previous section already summarizeudahe of the semantic
web vision to web service description, this finattson suggests a few topic

to be taken into consideration with regard to asjiids standard ontology
language for the web.
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1.6. Classification or constraint checking ?

As already said, RDF(S) primarilydescribes resources instead of
prescribingconstraints to them. In general, an ontology mtesia domain
theory rather than data structures. Moreover, RI3R&operty centricin
that properties are not defined as attributes ¢éatb, but are considered
first class objects themselves. A class instangesisa resource referred to
by a URI, without any value or state; it doesn’edeany properties to be a
valid instance of its class. Also, object classes reot allowed to use the
same property name with different domain and vahrstraints.

Although it can be seen as a defining feature ef\Web that “anyone can
say anything about anything” and although it is iobsly impossible to
enforce global integrity constraints that span ¢nére web, we think it's
important at least to be able to enfotoeal consistency on e.g. a single
service description. For that purpose, RDFS willhtéo be extended with
the possibility of enforcing such constraints. Thedter is already
acknowledged in the DAML+OIL specification. On tbther hand, because
there are no “absolute” truths in the web, the epi& of proof and trust
may become utterly important when they are actualljized.

1.6. Inherit-and-override or copy-and-paste ?

Even if the data cannot be kept consistent, it khatileast be possible to
enforce consistency upon the metadata. The mogirtang relationship in
an ontology is arguable this-a relationship. However, the semantics
surrounding the concepts of inheritance and oviegidhat result from an
is-a relation are very poorly defined in RDFS, XI8thema and (to a lesser
extent) in DAML+OIL. This is very unfortunate, becauithe ability toeuse
existing service descriptions depends largely am ability to “borrow”
functionality from a higher-level specification amdlapt it to one’'s own
particular needs. For instance the service desmmifgor buying an airline
ticketcan be seen as a specialization from a more delmayeticketservice
description, which may in its turn be based on ghlyi genericpurchase
service description. However, allowing inheritaseems quite dangerous if
there is no way to ascertain that the subclassifg@dions are still
consistent with the higher-level specifications @onversely, if properties
cannot be overridden at all to accommodate for ©p@in particular needs.
A well-defined model of property inheritance is weed, as also stated
explicitly in the WebOnt Working Group chart¢®]. Note that, as to
ontologies, the concepts of inheritance and oviagidare even more
intricate because of the possibility of multipl&éénitance and classifications
being derived implicitly.
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A related issue is the conceptmbperty subtyping, such that a subproperty
models a more specific relationship than the “pdrproperty. Also here,
formal overriding semantics are to be declared. aveady addressed the
issues of property inheritance and property subtyfn dept in the context
of “link subtyping” in a hypermedia environmefit4], which describes
exactly the same problem, be it that the terms énggbe” and “link type”
are used instead of “class” and “property”.

1.6. Specification of behavior

A last remark to be made is with regard to specyiveb service behavior.
Current web service description standards are ptitharily targeted at
stipulating data structures. They remain utterfprimal with respect to the
specification ofoperations maybe except for the efforts made in DAML-S.
One of our current research issues is the appligalif UML use-case
scenarios to modeling web service behavior, esjgctncerning its
effects on the “real world”.
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