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Abstract. In large-scale open environments mechanisms for locating
appropriate services have to deal with the additional problem of semantic
mismatches among the components. The objective of this paper is to step
forward towards the integration of semantic alignment mechanisms into service
discovery frameworks. In particular we focus on the alignment of current
service description languages.

1 Introduction

The addition of semantic information to describe Web Services, in order to enable the
automatic location, combination and use of distributed components, is nowadays one
of the most relevant research Service Oriented Architecture (SOA) topics due to its
potential to achieve dynamic, scalable and cost-effective Enterprise Application
Integration and eCommerce.

The process of discovering and interacting with a Semantic Web Service includes
[3] candidate service discovery (match advertised service descriptions against
specifications from requesters), service engagement, and service enactment.

Several description frameworks to annotate provided services on the one hand and
express service requests on the other have been proposed. They range from logic-
based complex and expressive semantic service descriptions (e.g. OWLS, WSMO) to
syntactical ones (WSDL, keywords, tag clouds), with some approaches in between
(SAWSDL). In this context, several frameworks to semantically match service
advertisements and requests have been presented in the literature [8, 12, 13, 15].

In such open environments the mechanisms for locating appropriate services have
to struggle with the additional problem of semantic mismatches among the service
description models or languages as well as domain ontologies used to specify the
concepts in the descriptions. Note that most approaches assume the use of the same
language for both service advertisements and requests. Therefore, semantic alignment
mechanisms need to be purposefully integrated into.

Several works exist on the use of ontology alignment techniques [5, 6] to transform
information from one ontology to another. In this paper we tackle the problem of
service description model alignment. We study the most widely used approaches for
describing services and propose a unified description model for service discovery.
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Some efforts have been made trying to align or compare different service
description approaches. We set out from existing conceptual comparisons between
OWL-S and WSMO [18], OWL-S, SAWSDL and WSDL [11, 16] to obtain a general
model description of services that facilitates their discovery. Giantsiou et al. [9]
propose a service meta-model for the semantic alignment although they only consider
two types of services: SAREST [19] and SAWSDL [10].

The rest of the paper is organized as follows. In the next section we analyse the
most popular approaches to describing services. In section 3 we first propose an
integrated model which contains all the important characteristics of the existing
models. Afterwards, we detail how the original models can be mapped into the
integrated model. Finally, we present some conclusions and future work.

2 Service description approaches

In this section we describe different approaches to service description. We include
semantic models (OWL-S, WSMO), syntactic models (WSDL), hybrid (SAWSDL),
as well as other lighter approaches (keyword-, cloud-, and text-based service
descriptions). For each approach, we concentrate on the important characteristics
from a service matchmaking point of view. Throughout this paper we use an example
of an airline service (the Bravo Air example?), a fictitious service that provides flight
reservations based on the specification on a flight request.

OWL-S. Web Ontology Language for Services (OWL-S) [14] service profile is
used to describe what the service does and it is crucial in the web service discovery
process since it describes the capabilities of web services. We select the profile’s
relevant fields for service matchmaking so as to define a service by S =<Z, O, P, €&,
C, T>, where 7 represents a set of inputs (property haslnput), O is a set of outputs
(property hasOutput), P is a set of preconditions (property hasPrecondition), £ a set
of effects (property hasResulf), C is a set of categories (property hasCategory), and T
is plain text description of the Web service (property textDescription).

ExanqﬂeiS=<{ba3:DepartureAirport, ba:ArrivalAirport, ba:OutboundDate,
ba:InboundDate, ba:RoundTrip, ba:AcctName, ba:Password, ba:Confirm},
{ba:FlightsFound, ba:PreferredFlightItinerary, ba:ReservationID}, @,
{ba:HaveSeatResult}, {unspsc4:Travel_agents}, “This service provides
flight reservations based on the specification on a flight request. This
typically involves a departure airport, an arrival airport, a departure
date, and if a return trip is required, a return date. If the desired
flight 1is available, an 1itinerary and reservation number will be
returned."”>

WSMO. Web Service Modeling Ontology (WSMO) [2] offers four key
components to model different aspects of Semantic Web Services: ontologies, goals,
services, and mediators. Web Service descriptions are defined into WSMO capability

2 http://www.ai.sri.com/daml/services/owl-s/1.0/examples.html
3 ba = “http://www.daml.org/services/owl-s/1.1/BravoAirProcess.owl#”
4 unspsc = “http://www.cs.vu.nl/~mcaklein/unspsc/unspsc84-title.rdfs#”



by their precondition, postcondition,  assumption, effect, and their
nonFunctionalProperties (title, subject, description). For our service discovery
approach, WSMO and OWL-S share the same formalization, although these
components are obtained in WSMO from different fields: Z (precondition), O
(postcondition), P (assumption), & (effect), C (subject), T (description).

WSDL. Web Service Description Language (WSDL) [4] is an XML-based
language for syntactically describing the service, including the service name,
functions, and input and output parameters of abstract definitions. WSDL descriptions
are limited in their search by their inability to extend beyond the keyword-based
matches. We define a WSDL service S = <Z, O, 7> where Z is a set of inputs (strings
extracted from the wsdl:input element defined in the messages of operations), O is the
set of outputs (wsdl:output) and T is a text (wsdl:documentation).

ExanuﬂelS:<{DepartureAirport,ArrivalAirport,OutboundDate,InboundDate,
RoundTrip, AcctName, Password, Confirm}, {PreferredFlightItinerary,
FlightsFound, ReservationID},*“This service provides flight ..”>

SAWSDL. Semantic Annotations for WSDL and XML Schema (SAWSDL) [10]
introduces three new attributes: modelReference for specifying associations between
WSDL components and semantic concepts, [liftingSchemaMapping and
loweringSchemaMapping for specifying mappings between semantic data and XML.
Some of the elements might not be semantically annotated. For us, SAWSDL service
is described by S = <Z, O, 7> where I=<Z,,, L.,> is a pair of sets containing the
inputs not semantically annotated (Z,,) and those annotated with concepts from
ontologies (Z.,), analogously for O=<0,, O,.,,>, and Tis the description.

ExanuﬂelS:<<¢,{ba:DepartureAirport,ba:ArrivalAirport,ba:OutboundDate,
ba:InboundDate, ba:RoundIrip, ba:AcctName, Dba:Password, ba:Confirm}>,
<@, {ba:FlightsFound, ba:PreferredFlightItinerary, ba:ReservationID}>,
“This service provides flight ..”>

Keyword-based descriptions. A typical way of describing resources is by annotating
them using keywords (or tags). Service descriptions are also possible following this
approach. For example, seekda!’> web service search engine includes free text and tag
descriptions provided by service users, as well as WSDL files. We admit two kinds of
keyword-based descriptions (K = <K, K.,>): syntactic (free text) and semantic
(onuﬂogy>based).Exanuﬂe:s = <{flight,reservation,airport,date,trip}, ¢ >

Tag Cloud based descriptions. The advantage of using tags () in the context of
service discovery is that they supply a user-defined vocabulary based on a consensus
of how the service is perceived or used in the world [7, 17]. A tag-cloud-based service
description is a set of pairs 7C = {<t, n>}, where ¢ is a free text tag and n is the
frequency of the tag ¢ in the cloud.

For example: s = <{<flight, 6>, <reservation, 4>, <trip,3>, <airport,2>}>

Textual descriptions. Services can be defined by free text human-readable
information. For these kinds of descriptions service discovery is based on information
retrieval techniques (IR). s = “This“This service provides flight ..”

3 http://webservices.seekda.com/



3  Service Model Alignment

In this section, we present a common model for service discovery purposes that
integrates the relevant characteristics of the service description languages analysed in
the previous section. Afterwards we describe the mapping from the original models.

3.1 Integrated Model for service discovery

From the analysis of the different approaches to service descriptions (section 2) we
obtain an integrated general common model (GCM). Let N be a set of concepts of
domain ontologies, a GCM for service discovery is a tuple <Zscn, Ocems Pocws Ecem
Keocms Coem Toems TCoen >, Where:
*  Toem= <Ly Lew™ is the set of syntactic (/,,€{a, .., z} *) and semantic (/< N)
inputs of the service.
*  Ogcu = <Oy Ogen> is the set of syntactic (Oy.SHa, ..., z}*) and semantic
(Ogemc N) outputs.
e Pgsewis the set of preconditions. Pgey € N
o &gouis the set of effects. Egepy N
o Koeou = <Kyn K> is the set of syntactic and semantic keywords, where
Kgn {2, .., 2}, Keom N
o Cgey is a set of categories of the service, described semantically (Cyens N)
(e.g. NAICS or UNSPSC).
®  Tscumis a textual description of the service.
e TCocyis atag cloud. TCoey = {<t, n>|t C {a, ..., 2}, n € N.
We opt for using RDF as the representation language for the GCM. This will also
allow the exploitation of SPARQL [20] to query service descriptions.

3.2 Mapping service descriptions into the GCM

Table 1 shows how the different elements of the GCM can be obtained from each
source service description model. The first column specifies the element of the GCM,
while each cell contains the value mapped from the model shown in the first row.

There are many straightforward mappings that consist of simple associations
between parameters in both models. For instance, in OWLS/WSMO Z;cy=<¢, >
because they provide semantically described inputs Z. The contrary applies to WSDL,
where only the syntactic values are filled (Zgcy=<Z, ¢>). However, SAWSDL may
contain both syntactic and semantic descriptions, thus Zgey=Z since Z = <l Lien™.
The same is applied to the outputs. Trivial mappings apply to preconditions (Pgscur),
effects (Egcu), categories (Cgeyy) and textual descriptions (Tgcu).

However, some fields (tag-clouds, keywords) may not be explicitly described by a
given model but they can be obtained from the rest of the description. Tag-clouds can
be calculated from textual descriptions by means of a function A(7"), which returns
the k most relevant words from the text 7 as well as their frequency. We adopt



information retrieval (IR) techniques to obtain that information through a process of
(i) word extraction, (ii) stemming, and (iii) filtering out non relevant terms (chosen
heuristically, such as the words service, input, output, etc.). For the examples in
section 2, TCocy = {<flight, 3>, <airport, 2>, <reservation, 2>, <departure, 2>}. In
the case of keyword-based service descriptions (where no text is included), a plain
cloud is created with frequency 1 for every keyword in the description.

Syntactic keywords can be easily obtained from tag clouds (either original or
calculated with A), by simply adopting the £ most relevant words (function T(7C),
being TC a tag-cloud), e.g. Ly = <{flight, airport, reservation, departure}, ¢ >.

Input and output concepts in semantic descriptions (OWL-S, WSMO, SAWSDL)
are adopted as semantic keywords. For their examples: Aoy = <{flight, airport,
reservation, departure}, {ba:DepartureAirport, ba:Arrivaldirport, ba:OutboundDate,

ba:InboundDate,  ba:RoundTrip, ba:AcctName,  ba:Password,  ba:Confirm,
ba:FlightsFound, ba:PreferredFlightltinerary, ba:ReservationID} >
Table 1. Service(S)-to-GCM mapping
OWL-S/ Keyword Tag
GCM WSMO SAWSDL WSDL (tag) Cloud Text
Tocm <¢, > T <7, ¢> <¢, o> <¢, o> <@, ¢>
Ocent | <@, O> O <0, ¢> <¢, ¢> <¢, ¢> <¢, o>
Pecu P ¢ 9 9 9 9
Eoem € [ [ [ [ [
<yA(T)), | <uA(D),
Koo TUO> 00> <t(A(T), > K <US), ¢> | <UA(S), >
Cocm ¢ ¢ [ [ [ [
Tocu T T T [ [ S
{ <t, 1>| te
7CGCM A(T) A(’T) A(ﬂ ’CsynUngm} S A(S)

4 Conclusions

In this paper we have dealt with the problem of service discovery in open systems. In
particular, we discussed in detail the alignment of service description models, and the
transformation of them into a RDF common model. Although we provided with an
alignment mechanism for a set of service description languages, other languages can
be easily integrated into. In effect, if such new model fits into the proposed GCM only
the adequate mappings have to be specified. Otherwise, new characteristics (e.g.
geographical radius, privacy aspects...) might be added to the GCM to account for
those new languages, and considering them empty for the previous models
(additionally those legacy models might be completed with the corresponding
mappings to the new characteristics).

This work is part of a proposed framework able to locate adequate services in open
heterogeneous environments [1]. The alignment of the service description models



(advertisement and request services) is a previous step to the service matchmaking
process. The evaluation of the proposed framework is part of our ongoing work.
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