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1 Introduction

1.1 Overview

The Web Services Execution Environment (WSMX) is an execution environ-
ment for dynamic discovery, selection, mediation and invocation of semantic web
services. WSMX is based on the Web Services Modelling Ontology (WSMO)
[9] which describes all aspects related to this discovery, mediation, selection and
invocation.

WSMX is a reference implementation for WSMO. The goal is to provide
both a testbed for WSMO and to demonstrate the viability of using WSMO
as a means to achieve dynamic inter-operation of semantic web services. The
development process for WSMX includes defining its conceptual model, defining
the execution semantics for the environment, describing an architecture and
software design, and building a working implementation.

The term semantic web services refers to software components that use the
Web Service Definition Language (WSDL) to define the syntax and data-types
of their offered operations, and WSMO to formally define the functionality of
those operations. Semantic web services are ordinary web services that are
semantically annotated.

1.2 Purpose of this Document

This document provides an overview of WSMX in terms of its objectives,
scope, development strategy and documentation. The purpose of the document
is to explain the relationship between WSMO and WSMX, to describe the ob-
jectives of WSMX and to show how the development strategy provides a robust
framework - allowing new developments in Semantic Web Service technology to
be integrated with WSMX without affecting its stability.

1.3 Scope of WSMX

The final scope of WSMX is the domain defined by WSMO Standard. The
scope of WSMX for the initial version is WSMO Lite [10]. Focusing on the re-
stricted conceptual model provided by WSMO Lite allows the implementation of
a simple extensible framework for executing Semantic Web Services. While the
first version of WSMX provides a complete architecture for dynamic discovery,
mediation, selection and invocation, the implementation of these components
will be naive.

The initial functionality will allow achieving some user-specified goal by in-
voking a Semantic Web Service, providing it with a mediated ontology fragment.
The first version of WSMX will be available at the end of June 2004.

Subsequent versions of WSMX will incorporate the ongoing research of the
Semantic Web Services community, in particular the WSMO1 working group and
the WMSL2 working group; augmenting and empowering WSMX to provide the

1see www.wsmo.org
2see www.wsmo.org/wsml

www.wsmo.org
www.wsmo.org/wsml
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full Semantic Web Services support described in section 1.1.

1.4 Related Systems

WSMX is the first reference implementation of WSMO. However other im-
plementations of execution environments for Semantic Web Services also exist.
It is the intention of WSMX to be interoperable with such systems where pos-
sible. One such system is the Internet Reasoning Service (IRS-II) [7].

1.5 Document Overview

Section 2 describes the objectives of WSMX and differentiates between the
initial and subsequent versions. Section 3 outlines the development strategy for
WSMX and the rationale behind it. This section also provides two use cases
illustrating how the framework implemented in the initial version of WSMX will
be extended in subsequent versions. Section 4 describes the deliverables to be
produced by the WSMX working group and explains how they relate to each
other. Section 5 concludes the document.

2 Long-term functionality objectives

WSMX will offer complete support for interacting with Semantic Web Ser-
vices. These web services must provide a WSMO-compliant description of them-
selves specifying their capability, how to interact with them, the ontologies they
use along with other properties. As described above in the scope, the initial
version will provide the framework for providing the functionality along with
a naive implementation. Each subsequent version of WSMX will extend and
improve the functionality of the components of the framework. The intended
long-term functionality offered by WSMX includes:

Services repository management WSMX will offer management of a repos-
itory of available semantic web services. This repository could be centralised
or decentralised. In [3] an enhanced UDDI registry is described, specifically
designed to store, search, retrieve and manage WSMO descriptions of semantic
web services3. This centralised repository could be populated either by the ser-
vice providers (maintaining the semantic web services they offer) or by some
web crawler, that finds available semantic web services and adds them to the
repository.

The repository could also be decentralised, e.g. residing locally within the
WSMX architecture; in this case it could be populated by the WSMX adminis-
trator adding the available semantic web services manually (using the WSMO
editor) or by having a local web crawler searching for available semantic web
services.

Goal repository management WSMX will offer management of a repository
of specified goals using again either a centralised or decentralised repository,
containing predefined goals, constructed by logical experts and domain experts.
It should be possible for users to construct their goals, ideally with some tool

3this registry is currently being developed as part of the WSMX Working Group
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support; another possibility would be to have users reuse (or refine) goals made
by logical and domain experts.

Service matching WSMX will offer matching of usable semantic web services,
returning either one web service with the capability to satisfy some specified
goal, or returning a composition of semantic web services that together satisfy
some specified goal.

Service selection WSMX will offer dynamic selection of discovered semantic
web services based on specified preferences of nonfunctional criteria, including
properties like quality of service, reliability, etc.

Data mediation WSMX will offer mediation of communicated data to be un-
derstandable by the selected web service

Service invocation WSMX will offer invocation of the selected semantic web
service, obeying its prescribed choreography pattern. Here the issue of back-
wards compatibility comes into play, since most web services in the real world do
not (yet) support WSMO. Those web services can only understand SOAP mes-
sages as defined in their WSDL. For these web services, adapters will be made,
translating WSMX messages to SOAP messages as described in the WSDL of
the invoked web service.

3 Short term functionality objectives

WSMX will follow the best practise of staged component-based software
development. The initial phase will focus on constructing a rigid architecture
for web service execution using decoupled, independent components. Once the
WSMX framework is in place, subsequent phases will focus on refining individual
components such as those for dynamic discovery and mediation. The rationale
of this staged approach is to provide component-based software that is both
maintainable and extensible.

By focusing on the architecture, we deliberately limit the initial functionality
of WSMX and base it on WSMO Lite, a specific subset of WSMO targeted at
easy implementation. It should be clearly noted that later versions of WSMX
will address the full range of concepts from WSMO Standard.

Our goal for the initial version is to get a working framework. This frame-
work will be designed in such a way that extending and improving functionality
later is possible: the strong component decoupling will allow them to be re-
placed or extended to achieve richer functionality. The focus in the initial phase
is on the architecture. The functionality offered by the initial version of WSMX
is therefore a subset of the previously described functionality.

It is important to notice that because of an component based approach,
changes can be implemented gradually over time. The interface of all compon-
ents will be stable, but the implementation of those interfaces will improve over
time. The other components however, do not have to be adjusted or rewritten
to deal with these changes: from their viewpoint nothing changed, since the
interfaces they can invoke are still the same.

The short-term functionality will differ from the described long-term func-
tionality as follows:
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Repository management of services and goals The repository of available se-
mantic web services and of available goals are stored locally and will be managed
manually.

There is a discovery component, but its functionality is limited to searching
in the internal WSMX repository. The user has to manually fill this repository
with available semantic web services. However, in a later version, we could
easily extend this discovery component to use some centralised repository like a
WSMO-UDDI, or to crawl the web searching for WSMO-enabled web services.

Again, because of the component-based architecture, we can easily extend
functionality in later versions without affecting the behaviour and stability of
the rest of the system. The other WSMX components only know that there
exists a discovery component, that returns all available semantic web services.
How this component works is not relevant to them, and can therefore easily be
adjusted later.

Service matching The goal-capability matching will have a naive and trivial
implementation: a match will be sought between the post-conditions and effects
of the goal and the post-conditions and effects of some capability. This match
will be a logical equality; this means that capabilities subsuming the goal, or
capabilities subsumed by the goal will not be returned.

In WSMO Standard a goal specifies the objectives that a client may have
when he consults a web service. A capability describes a relation between a
certain state that has to exist, and a certain state that can be achieved by a web
service. Now, if a user states his goal, the goal-capability matching component
in the execution environment should use a logical reasoner to search for all
semantic web services having a capability that satisfies this goal.

The reasoner should be able to find capabilities that exactly match this goal,
as well as capabilities subsuming this goal (and possibly capabilities subsumed
by this goal4), maybe even to suggest close matches.

However, since this is a logically difficult task, in the initial version of WSMX
we do have this goal-capability matching component, but it is implemented in
a very naive (and not very functional) way. As explained before, the goal-
capability matching performed by this component is limited to exact matches
of goals and capabilities, but does not consider subsumption relations.

Since the correct architecture is fully in place in the initial version of WSMX,
subsequent versions of the execution environment will be able to provide full
support for the goal definition from WSMO Standard. As WSMX is component-
based, we will only have to change the internal behaviour of the goal-capability
matching component to provide this extended functionality, not affecting the
behaviour or stability of the rest of the system.

Service selection Dynamic selection of semantic web services should be based
on some user preferences. However, in the initial version of WSMX the algorithm
for this selection is not based on these preferences, but is achieved by simply
picking the first matching web service.

Data mediation Mediation is not done by using some external mediator (as
in WSMO), but by specifying mapping rules between ontologies. Mediation is
achieved, if possible, by applying these mapping rules.

4if you are looking for a computer, and some web service offers second-hand computers,
this capability is subsumed by your goal. This might be what you’re looking for, depending
on how you (as a user) define the task of finding a matching web service; it could however
also be that you really want to have only a second-hand computer.
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In WSMO Standard mediation is performed by some external mediator. To
overcome differences in ontologies used by different semantic web services, differ-
ent mediators can be used. In the initial implementation of WSMX mediation
is performed by a mediation component, that uses predefined mapping rules
to mediate between two ontologies. However, in later versions the much richer
model of WSMO Standard, using different kinds of mediators, will be supported.

Again, the component-based architecture of WSMX is the key to achieving
this. The mediator component can easily be changed to use some external
mediators, instead of performing the mediation by itself.

Service invocation Since there is no choreography in WSMO Lite but only
simple message exchange patterns, these predefined patterns are the only inter-
action styles supported.

4 WSMX Deliverables

As the development of WSMX is described in several deliverables that are
strongly inter-related, we now briefly explain the different deliverables:

Conceptual Model The WSMX Conceptual Model [1] deliverable defines all
concepts used in WSMX. This conceptual model is based on WSMO Lite,
and extends it by introducing several concepts.

Execution Semantics The WSMX Execution Semantics [8] deliverable defines
the operational behaviour of WSMX. This is a formal specification, de-
scribing exactly how the system behaves. The execution semantics ensures
a common understanding among developers of what the system should do
and how it should behave in all possible situations. The execution se-
mantics also makes sure that different implementations of an execution
environment for WSMO behave the same to the outside world (if they
follow the same execution semantics). Thirdly, the formal nature of the
execution semantics enables checking (and proofing) certain properties of
the system.

Mediation The WSMX Mediation [5] deliverable describes how mediation is
dealt with in WSMX, since mediation is not done by external mediators,
but by the system itself. This deliverable describes several aspects related
to this mediation, for instance how to define mapping rules, how a reasoner
can do mediation out of those mapping rules, and introduces a tool that
helps users write their mapping rules.

Architecture The WSMX Architecture deliverable [6] describes the architec-
ture of WSMX. This architecture is the basis for the implementation.
The deliverable explains the architectural decisions that were made, and
describes the various components.

Implementation The WSMX Implementation deliverable [2] describes the im-
plementation details of WSMX. It will discuss the technologies used as a
platform for WSMX and the rationale for using them. The implementa-
tion deliverable will also provide the class and database model for WSMX
as well as describing implementation issues not related to the WSMX ar-
chitecture as described in [6].
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WSMX Editor The WSMX Editor deliverable [4] describes the development
of an editor for WSMO annotations of semantic web services. This editor
will provide an environment where users can design semantic annotations
for web services, goals, ontologies and mediators. This editor will provide
support in this task.

WSMO Registry The WSMO Registry deliverable [3] describes a design an
implementation of a UDDI-like registry for WSMO semantic web services.
This registry allows storing, searching, retrieving and managing of WSMO
descriptions of semantic web services.

5 Conclusion

Concluding, we design and build an execution environment for the dynamic
discovery, selection, mediation and invocation of semantic web services. In the
initial stage we focus on delivering a component-based architecture, ensuring
a rigid foundation for later extension. We design all the components needed
for a WSMO Standard execution environment, but limit their functionality to
support only WSMO Lite. In a later stage these components can be (inde-
pendently) extended to fully support WSMO Standard and to achieve dynamic
composition of semantic web services.
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