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Abstract. Web Services are interfaces to a collection of operations that are network-accessible through
standardized XML messaging, and whose features are described using standard XML-based languages.
Semantic Web Services (SWS) describe semantically the internal structure and the functional/non-
functional capabilities of the services, facilitating the design and evaluation of SWS based on that
semantic description of the features of the services. To enable the design and composition SWS at the
knowledge level, the ODESWS framework has been proposed. That framework uses problem-solving
methods to describe the functional and structural features of the SWS

Introduction

Web Services (WSs) are interfaces that describe a collection of operations that are network-accessible
through standardized Web protocols, and whose features are de-scribed using a standard XML-based
language (Kreger, 2001; Cubera et al., 2001). Although there are other definitions of what a WS is, (refer
to (Alonso, 2003) for an enumeration of them), we believe that this definition captures better what a WS
is (and from where its benefits come from). In few words, “It’s not the components, it’s the interfaces”
(Kayne,2003) .

The main web services (Kreger, 2001; Cubera et al., 2001) features are: (1) communication features that
describe the protocols required to invoke the service execution; (2) descriptive features that detail the e-
commerce properties; (3) functional features that specify the capabilities, enabling thus an external
invoking agent to determine whether the service execution can obtain the requested results; and (4)
structural features that describe the internal structure of a composite service, that is, which are its
structural components and how these components are combined among them to execute the service.

In this context, the Semantic Web has risen as an extension of the current web in which information is
given well-defined meaning, better enabling computers and people to work in cooperation (Berners-Lee
et al., 2001). Following this approach, Web Services in the Semantic Web, the so-called Semantic Web
Services (SWS), will be the mark-up of WS to make them computer-interpretable, use-apparent and
agent-ready (Mcllraith et al., 2001). This mark-up is the semantic description of the WS and it will
facilitate external agents to understand both the functionality and the internal structure of the services.
The motivating tasks of SWS are to be able to discover, compose, and invoke automatically SWS
(Hendler, 2001). Several approaches have appeared with this aim, being the more relevant the OWL-S
specification, IRS-II and WSMO.

The OWL-S (OWL Services Coalition, 2004) specification (formerly DAML-S (Ankolenkar et al., 2002))
has been proposed to describe services in a semantic manner, using OWL (Dean and Schreiber, 2004) in
combination with the WSDL language (Christensen et al., 2001) and SOAP (Box et al., 2000), achieving
thus the desirable combination of WS standard languages and semantic annotation in order to use the
current infra-structure of the WS (Sollazo et al., 2002).

The Internet Reasoning Service IRS-II (Motta et al., 2003) is a SWS framework, which allows
applications to describe semantically and execute SWS. It uses problem-solving methods (PSM) to
represent SWS, attaching to each WS a PSM that describes it. A PSM is an abstract implementation of a
domain-independent description of reasoning processes which can be applied to solve tasks in a specific
domain. It is based on the UPML (Unified Problem Solving Method description Language) frame-work
(Fensel et al., 2003).

The Web Service Modelling Framework (WSMF) (Fensel and Bussler, 2002) tries to provide a model for
describing the various components in an e-commerce environment. WSMEF is the result of research



carried out on modelling of reusable knowledge components and its core are two complementary
principles: a strong de-coupling of the aforementioned components that carry out an e-commerce
application; and a strong mediation between these elements. Mediation is applied at several levels:
mediation of data structures; mediation of business logics; mediation of message exchange protocols; and
mediation of dynamic service invocation. WSMF consists of four main elements: ontologies, goals, web
services and mediators. All these elements are described using the Web Service Modelling Ontology
(WSMO) (Roman et al., 2004). The underlying representation language for WSMO is F-logic (Kifer et
al., 1995), a full first order logic language that provides second order syntax.

ODESWS Framework

With the aim of designing and composing SWS, the ODESWS framework (Figure 1) has been proposed
for SWS (Gomez-Pérez et al., 2004). The following elements have been identified:

o  ODESWS Ontology. To describe the features of a web service, we have used a stack of
ontolgies since they present the features in a formal and explicit way. This stack of ontologies is
composed of 4 layers: data-type ontology, knowledge representation ontology, PSM Description
Ontology and SWS ontology.

e  Instance model Designing SWS means to instantiate each of the ontologies of the stack that
describes what a service is: the domain ontology used by the service is built on top of the data
type and knowledge representation ontologies; the service features are instances of both PSM
and SWS ontologies. The whole instances constitute a model that specifies the SWS at the
knowledge level. The essential idea here is that the user does not handle the ontologies directly
but a graphical PSM alike structure.

e  Checking model Once the instance model has been created, it is necessary to guarantee that the
ontology instances do not present inconsistencies among them. Design rules will be needed to
check this, particularly when ontology instances have been created automatically (as in the case
of (semi) automatic composition).

e  Translate model. Although a service is modelled at the knowledge level, it must be specified in
a SWS-oriented language to enable programs and external agents to ac-cess its capabilities.
Therefore, once the instance that describes the WS is created and checked, it is automatically
translated into any of the existent SWS representational language.
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Figure 1 ODESWS Framework



This framework will enable the (semi) automatic composition of SWS using (1) PSM refiners and bridges
to adapt the PSM ontology instances to the required capabilities of the new service; and (2) design rules
to reject both PSM and SWS ontology instances that present errors or inconsistencies among them.
Design rules are used to reduce the service candidates that are to be combined to obtain a new service.

ODESWS Ontology

The aim of designing SWS is to describe explicitly and semantically the features of a WS, as stated in the
introduction. To achieve this purpose, the use of ontologies seems to be the most appropriate solution,
and, in fact, this approach has been followed by other authors. In the OWL-S specification (OWL
Services Coalition, 2004) the ontology is directly constructed in a semantic-enriched mark-up language
(OWL), and the internal structure of the services is described with workflows. The WSMO ontology
(Lara et al. 2004) uses the F-Logic language to specify the service and it introduces the concept of
mediator to decouple the different elements of the service. Each of these solutions considers a particular
semantic language to describe the ontology of SWS description.

The ODESWS framework, however, proposes an ontology (Figure 2), called ODESWS ontology
(Goémez-Pérez et al., 2004), that describes the SWS at the knowledge and independent-language level.
Thus, the ODESWS ontology is composed of a stack of ontologies developed following well-known
specifications or de facto standards that cover all the features of the SWS. These ontologies are:

e Data Type (DT) Ontology. It describes the types of concept attributes of the do-main ontology
used to define the input/output parameters. The DT ontology is based on the XML Schema
Datatypes (Biron and Malhotra, 2001), a W3C recommendation formally included into the
semantic Web languages, as OWL.

o  Knowledge Representation (KR) Ontology. This ontology describes the knowledge primitives
(concept, instance attribute, etc.) used to represent the domain ontology, which contains
descriptions of the knowledge and data managed by the SWS. This ontology has been
constructed on the basis of the WebODE knowledge model (Arpirez et al., 2003), which is
frame-based and incorporates formulas to represent axioms.

e Problem-Solving Method Ontology. 1t is based on the Problem-Solving Method (PSM)
paradigm, where a PSM is a domain-independent and knowledge-level specification of a
problem-solving behaviour which can be used to solve a class of problems (Motta, 1999). The
PSM ontology is based on the Unified Problem-solving Method Language (UPML) (Fensel et
al., 2003) that is a de facto standard for describing the PSM components: (1) tasks describe the
operation to be solved in the execution of its solving method by specifying the input/output
parameters and the pre/post-conditions required to be applicable (this description is independent
of the method used for solving the task); (2) method details the control of the reasoning process
to achieve a task. A method can be composite, which means that is composed of a number of
subtasks whose coordinated execution indicates how the method will be carried out; and (3)
adapters (Fensel, 1997) specify mappings among the knowledge components of a PSM. The
adapters are used to achieve the reusability, since they bridge the gap between the general
description of a PSM and the particular domain where it is applied.

To specify the coordination of the subtasks of the composite methods, that is, the operational
description of these methods, we have developed the workflow ontology. This ontology
describes explicitly and semantically the workflow primitives (van der Aalst and van Kee, 2002;
van der Aalst et al., 2003) that will be used to determine the coordination of the execution of the
subtasks.

e Semantic Web Service Ontology. The SWS ontology is on top of the stack and it describes all
the features of the services. This ontology replicates the upper-level concepts of the OWL-S
ontology, but these concepts do not have the same attributes and relationships of the OWL-S
specification. Thus, these upper-level concepts are connected with the concepts of the PSM
ontology in the following way: (1) profile is a concept whose attributes specify the SWS non-
functional features, and it establishes a relationship (hasTask) (see Figure 2) with the task
concept of the PSM ontology to describe the SWS functional features; (2) model is a concept
that establishes a relationship (hasMethod) with the method concept of the PSM ontologys; it
describes the components of the internal structure of the service and the control flow that
indicates how those components are coordinated to solve the task related to the functional
features of the service; and (3) grounding, which specifies the access protocol and the necessary
message exchanges to invoke the service.
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