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Abstract

This deliverable describes Web Services Execution Environment Archi-
tecture - WSMX Architecture. The document provides both a hi gh-
level overview of the necessary system components and the interactions
between them (conceptual architecture) as well as a low-level de�nition
of component interfaces, connectivity and the applied events mecha-
nism used by the current reference implementation.
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1 Introduction

To address the existing limitations of Web Services, we document a refer-
ence architecture for an execution environment for Semantic Web Service (SWS)
calledWeb Service Execution Environment(WSMX). WSMX provides the func-
tionality for dynamic discovery, mediation, invocation and interoperation of Se-
mantic Web Services and is based on the Web Services Modelling Ontology
(WSMO) [6], an ontology for describing various aspects related to Semantic
Web Services. Web Services can be registered with WSMX by describing them
in terms of WSMO, using the Web Service Modelling Language (WSML) [3],
and then by invoking a registration interface provided by WSMX.

The architecture described in this documnet adopts the principles of:

� Component decoupling
This is a fundamental principle of SOA adopted by WSMX that empha-
sises strong de-coupling of the various components that realize a software
system. Making components self-contained supports a clearseparation of
concerns. Each component has a well de�ned functionality that can be
utilized by other components.

� Standardization of external behaviour of components
One of the aims of this architecture document is to provide the description
of external interface and behaviour of components and the WSMX system
as a whole. The external interfaces of the components are notexpected
to change very often. By having well de�ned component interfaces and
behaviour descriptions, we separate the implementation ofthe individual
components from the operation of the system as a whole. In thefuture, we
would like WSMX to be capable of supporting dynamic execution seman-
tics. Execution semantics provide a formal description of the operation
of a system. By dynamic execution semantics, we mean that it should be
possible to load a description of how WSMX should operate at runtime
without having to restart the system. For this reason, we leave open the
possibility that in the future it will be necesssary to design a mechanism
to incorporate components with arbitrary interfaces, not standardized in
this document, at runtime.

Despite being based on widely accepted standards, Web Service technology
has not realized its potential for bring about lightweight i nternet-based inte-
gration inside and between organisations. Existing cornerstone Web Services
technologies such as UDDI [1], WSDL [2] and SOAP [5] provide the basic func-
tionality for discovering (UDDI), describing interfaces ( WSDL) and exchang-
ing messages (SOAP) in heterogeneous, autonomous and distributed systems.
However, one of the signi�cant stumbling blocks for this existing Web Services
framework is the absence of machine-processable understanding of the data in-
put and output by Web Services. The implication is that a human always needs
to be in the loop and automatic discovery and invocation of Web Services is
very di�cult in an open environment. Consequently service r equesters need to
know and bind to service providers they wish to use at design time.

While existing work on Web Services is a step in the right direction to im-
prove interoperability of an existing systems, in practical terms available Web
Services support operations which are limited to independent calls over a net-
work, hard wired collaborations or prede�ned supply chains. The real world
business interactions are much more complex than simple request-reply style
interactions. Even if we can already envision building of a complex distrib-
uted supply chain, linking systems of many companies with the help of Web
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Services, these links between systems would be hardcoded involving enormous
programmer support to get this virtual supply chain functio nal. Web Services
speci�cations do not provide any mechanism to specify how toinclude any ad-
ditional semantic information which would enable processing services without
any human interaction.

1.1 Rationale of the Architecture

This document describes WSMX architecture. The rationale behind the ar-
chitecture clarify design decisions and simplify in in understanding architecture
and its goals. [Todo: expand description]

1.2 Conceptual versus Implementation Architecture

This deliverable provides both a high level conceptual architecture with an
overview of system components and their functionality, as well as to focus on
more technical aspects of the system for the Semantic Web Services execution.
Although some technical aspects of the reference implementation system are
discussed, this document does not aim to be a technical system documentation
nor a programmers reference. All detailed technical aspects are going to be
documented together with reference implementation of the system. This docu-
ment is of a more philosophical nature, attempting to capture the thoughts and
intentions for generic system for Semantic Web Services system, as well as the
major factors driving design of the real system.

While our overall target is to build a distributed architect ure for the Se-
mantic Web Services, design details focus on WSMX referenceimplementation
aspect providing a node-centric architecture of a WSMO execution environment.

1.3 Document Overview

[Todo]
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2 Architecture Overview and Methodology

2.1 What is Architecture?

Software like any other engineering task requires careful advance planning
and design to ensure that the �nal product meets the requiredlevel of quality.
In the construction industry, the architectural design describes exactly how the
�nal building should be constructed. The same requirement exists for software
engineering and the �eld of software architecture has become increasingly im-
portant. There are many de�nitions of software architectur e. However, there
are certain fundamental aspects common to them all. The architecture:

� provides a description of the structure of a software systemin terms of its
constituent parts

� describes how these parts interact with each other

� de�nes the external interface of the system

� de�nes the external interface of the various parts of the system

� provides a basis for identifying recurring pattern with particular properties

� provides a basis for high level analysis of the system

[Todo: more description and explanation of relevance]

2.2 Architectural Views

[Todo: brief exmplanation of architecture views, relevance and di�erentiation
from execution semantics document]

This document provides a structural and a behavioural view of WSMX. The
WSMX Exceution Semantics [7] provides an architecure-independent descrip-
tion of the operation required by WSMX.

2.3 Architectural Style

There are common patterns that recur in software architecture design. These
patterns, often referred to as styles, provide abstractions having vocaularies and
characteristics that provide a framework for describing di�erent aspects of the
system architecture. Some examples of architectural stlesare:

� client server

� peer to peer (P2P)

� pipe and �lter

� object-oriented (OO)

� layered

� distributed component

� service oriented architecture (SOA)
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The most dominant style adopted by WSMX is that of a Service Oriented
Architecture. WSMX is a software system consisting of a set of collaborating
software components (or services) with well de�ned interfaces that, by exchang-
ing messages, together perform a set of tasks. It is not necessary for the compo-
nents to necessarily live in the same address space, nor evenin di�erent address
spaces on the same machine. Instead they may very well live ondi�erent conti-
nents communicating over a network channel through multiple protocol stacks.
This situation creates its own unique demands, born out of latency, memory
access, concurrency and failure of subsystems, which the architecture must be
able to cope with. All these aspects are going to be addressedin subsequent
steps during designing and implementing reference implementation of WSMX.

SOAs di�erentiate themselves from other distributed systems through the
concept of loose coupling brought to its extremes. In WSMX conceptually in-
dependent pieces of functionality are provided in components. Each WSMX
component provides a service that consists of a logical unitof system code, ap-
plication code, persistency layers and a public interface to acccess the service. In
short anything that as a unit can carry out an application-level operation. Ser-
vices are often characterized by exactly these operations,which they provide to
other components. Preferably services have descriptions in machine-processable
meta-data. Although in this document we recommend to build communica-
tion of Semantic Web Services system on event paradigm, one can envisioned
infrastructure coordinated without events. In distribute d SOA system, com-
munication between components is taking place through events. It enables the
good practice of implementation-hiding, in which the implementation of a ser-
vice should be of no concern to the client of the service. All of this together
should result in increased 
exibility, better extensibili ty and dramatically im-
proved reusability. However it is not always easy to achieveall of these goals
simultaneously, even if the right architectural decisionswere taken. Scalability
and proper service structuring are crucial and have to be taken into account.
[Todo: more about the other architectural styles implemented by WSMX and
their signi�cance]

2.4 Formal vs Informal

The most common form of architectural description is the useof box and line
diagrams combined with some explanatory text. These diagrams are informal
and are often a good way of communicating ideas at the beginning of a project
or of providing an overview to a non-technical audience. However, this form of
documentation has some drawbacks including:

� informal

� often incomplete

� can quickly become out-of-date

The problem with an informal description is that it relies on a common under-
standing between all stakeholders of the system, particularly the designers and
the developers. On larger projects where there is little overlap between these
two groups, di�erent interpretations of the description ca n arise leading to an
implementation that does not agree with the design. Informal descriptions are
also di�cult to validate. Errors that could otherwise be dis covered at design
time are instead discovered at during implementation. Incomplete architecure
designs are those that have not considered some aspects of the software system
to be built. Without a means for verifying the design the possibility of it being
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incomplete are greate. The last bullet draws attention to the fact that it is
very easy for the architectural descriptions to become obsolete. Again, this is
especially true if only informal techniques have been used without some kind of
validation to catch design errors and omissions as early as possible.

In documentating the WSMX architecture, we will use informal descriptions
to give an outline of the system and its components and then re�ne the model's
description using formal techniques.
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3 Structural View

3.1 Architecture Components

The WSMX architecture consists of a set of loosely-coupled components
as presented in Figure 1. These can be plugged-in and plugged-out from the
system. The components that are provided with the WSMX reference imple-
mentation can be easily replaced by other components, e.g. by those provided
by third parties.

For each component, public interfaces are de�ned, that can be either accessed
by components provided with the reference implementation,or by components
provided by independent component providers. The WSMX reference imple-
mentation provides the complete implementation of all of the components, but
users of WSMX may still decide to use components provided by other providers.
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Figure 1: WSMX Architecture
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The architecture document is concerned with describing thepublic interfaces
each component must support and the way in which the various components
interact with each other to provide the overall functionali ty o�ered by WSMX.
The following sections describe the interface of each component in turn. For
detailed and the most updated descriptions of the WSMX infomodel, the reader
is referred to the WSMX 1 code base at Sourceforge.

3.1.1 Core Component Interface

There is no speci�c interface de�ned for the Core Component. Although it
is possible to envisage an implementation of WSMX in which components com-
municate directly without use of the Core Component at all, it is recommended
to have the Core Component coordinate and manage all other components. No
speci�c interface is enforced at presesent.

Although at this stage the speci�cation is under development, the interface
of the Core Component is not standardized. This is subject tochange in the
future, as federated WSMXs are planned, where the Core Components might be
distributed (in the current architecture design, the core component remains the
only centralized entity of the whole system) and provided bydi�erent vendors.

In the reference implementation, an intermediate layer of wrappers is pro-
vided in order to interface the Core Components with all the other components.
To enable one component of the system to communicate with another compo-
nent, its wrapper must implement the interfaces of the components with which
this component communicates.

3.1.2 Resource Manager Interface

The ResourceManageris the interface for WSMX persistent storage. The com-
ponent implementing this interface is responsible for storing every data item
WSMX uses. The domain model of WSMX is based on the WSMO API [WS-
MOAPI, 2005] which is just a set of interfaces representing the data structure
of the WSMO 1.0 [Roman et al., 2004]. A component following the Resource-
Manager interface provides an implementation of those interfaces which should
be used to transfer data between di�erent WSMX components. This interface
needs further extensions to enable standardized methods for preserving any
non-WSMO-related data in the future. Table 1 describes the interface.

3.1.3 Service Discovery Interface

The WSMO discovery provides a conceptual model for service discovery
that exploits WSMO formal descriptions of goals and web services. A discovery
component implementing the Discovery interface provides a full implementation
of discovery mechanism as de�ned in WSMO [4].

For keyword-based discovery a simple implementation is already available
and integrated with WSMX. Table 2 describes the interface.

3.1.4 Service Selection Interface

Selection de�nes an interface for the selection component. A service requester
may have more than one preference for the selection of the most suitable dis-
covered Web Service. If discovery results in more than one service that satis�es
the goal, the selection interface is used to chose one based on speci�ed preferences
preferences. Table 3 describes the interface.

1WSMX at SourceForge, http://sourceforge.net/projects/w smx, 2005
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Table 1: Resource Manager Interface
Method Summary

void insertWebService(WebService service)

Inserts Web Service in the Resource
Manager repository

void updateWebService(WebService service)

Updates Web Service in the Re-
source Manager repository

WebService getWebService(Long id)

Gets Web Service from the Re-
source Manager repository

WebService getWebService(URIRef uri)

Gets Web Service from the Re-
source Manager repository

Collection < WebService> getWebServices()

Gets Web Services from the Re-
source Manager repository

void insertGoal(Goal goal)

Inserts goal in the Resource Man-
ager repository

void updateGoal(Goal goal)

Updates goal in the Resource Man-
ager repository

void getIdenti�able(URIref uri)

Gets any WSMO Entity from the
Resource Manager repository

Identi�able getIdenti�able(URIref uri)

Gets any WSMO Entity from the
Resource Manager repository

void insertIdenti�able(Identi�able identi�able)

Inserts any WSMO Entity into the
Resource Manager repository

Table 2: Service Discovery Interface
Method Summary

Collection < WebService> discover(Goal goal)

Calls discovery providing only Goal
and expects result as a Collection of Web
Services

Table 3: Selection Interface
Method Summary

WebService select(Collection< WebService> services, Prefer-

ences preferences)

Selects Web Service based on Pref-
erences

3.1.5 Data and Process Mediator Interfaces

A DataMediator de�nes the interface which all the ontology-to-ontology medi-
ators have to implement. A WSMX component implementing this interface has
the role of reconciling the data heterogeneity problems that can appear during
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discovery, composition, selection or invocation of Web Services. This interface
is dedicated for the runtime phase mediation process. The run-time component
implementing this interface has the role of retrieving from storage the already-
created mappings (by issuing appropriate events), to transform them into rules,
and �nally to execute them against the incoming instances inorder to obtain the
target instances. Since the mappings represent the connection point between
the two sub-components (design-time and run-time) one of the dependencies for
the run-time component relates to the mapping storage levelas well. Another
crucial dependency relates to the reasoning system used forexecuting the rules
in the �nal stage of the mediation process. Table 4 describesthe interface.

Table 4: Data Mediator Interface
Method Summary

Collection < Identi�able > mediateData(URIRef sourceOntologyID, URIRef

targetOntologyID, Collection < Identi�able > ontolo-

gyFragment)

Calls the mediator and returns the
mediated fragment of ontology.

ProcessMediatorde�nes the interface that a Process Mediator has to implement.
A WSMX component implementing this interface has the role of reconciling
the public process heterogeneity that can appear during theinvocation of Web
Services. That is, ensuring that the public processes of theinvoker and the
invoked Web Service match. Since both the invoker and the WebService publish
their public processes as choreographies, and the public processes are executed
by sending/receiving messages, the Process Mediation Component will deal with
reconciliation of message exchange patterns based on choreography. Table 5
describes the interface.

Table 5: Process Mediator Interface
Method Summary

Collection < Message> mediateProcess(Message incomingMessage, Chore-

ography requesterChoreography, Choreography

providerChoreography)

During the communication between
two parties, this method computes what
message(s) has to be generated based on
the content of an incoming message and
the choreographies of the parties involved.

3.1.6 CommunicationManager Interface

The Communication Manager is responsible for dealing with the protocols for
sending and receiving WSML messages to and from WSMX. It consists of Invoker

and Receiver interfaces. WSMX expects the contents of all messages it receives to
be expressed in WSML. The Communication ManagerReceiverinterface provides
methods to accept WSML messages. The WSML messages may represent a goal
to be achieved or be a message corresponding to a choreography or orchestration
instance that already exists. The Communication Manager accepts the message
and handles any transport and security protocols used by themessage sender.
The Receiverinterface also represents the external behaviour of the system, which
is described in the section 4.1. Table 6 describes theInvoker interface and table
7 describes theReceiver interface.
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Table 6: Invoker Interface
Method Summary

WSMLCon�rmation sendWSMLMessage(WSDLDocument wsdl, Port-

Type portType, WSDLOperation operation, WS-

DLMessage message)

Use this method to send a WSML
message to a service endpoint described in
a WSDL document.

Table 7: Receiver Interface
Method Summary

WSMLCon�rmation realizeGoal(WSML goal)

Implementation of this method
completely ful�lls the speci�ed goal

Collection< WebService> receiveGoal(WSML goal)

Enables service discovery. WSMX
discovers service descriptions that match
the formal expression of the user's goal in
WSML.

WSMLCon�rmation receiveMessage(WSML message)

Enables sending a message to
WSMX as part of an ongoing interac-
tion. A service requester wishing to use
WSMX registers their description includ-
ing the choreographies that they support.
This method is used to send a message to
WSMX as part of an enactment of such a
choreography.

WSMLCon�rmation storeEntity(WSML entity)

Allows for storing a WSMO descrip-
tion into WSMX. WSMO describes four
top-level elements corresponding to ontolo-
gies, services, goals and mediators. Before
instances of these elements can be used by
WSMX, they �rst must be made known to
WSMX.

3.1.7 Chroeography Engine Interface

A Choreography de�nes how to interact with the web service in terms of ex-
changing messages the so-called communication patterns. Table 8 descibes the
Choreography component interface.

Table 8: Choreography Engine Interface
Method Summary

ChoreographyResult executeRequestChoreography(MessagePart mes-

sagePart, WebService webService, ChoreographyID

choreographyID, ConversationID conversationID)

Execute request to Choreography
ChoreographyResult executeRequestChoreography(MessagePart mes-

sagePart, ConversationID conversationID)

Execute request to Choreography
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3.1.8 Web Service Modelling Toolkit Interface

The Web Services Modeling Toolkit is a new component for WSMXand
we have not yet de�ned a standard interface for WSMT components. This is
subject to change in the future.

3.1.9 Reasoner Interface

There is no agreement on a stable Resasoner interface so far.Once work
on WSMO reasoner implementation will �nalize, its interfac e will become stan-
dardized through WSMX infomodel.
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4 Behavioural View

4.1 Standardization of WSMX External Behaviour

The functionality provided by WSMX system as a whole can be described
in terms of its entry points - the standardized interfaces ofthe system enabling
communication with any external entities requesting services from the system.
More details on system functionality can be found in an execution semantics
document, which formally specify the desired operational behaviour of WSMX,
serving not only as a reference for developers but also as a means of validation
and model-checking.

In the current version of the system we de�ne execution semantics with four
possible branches each of them starting with one entry point. These four manda-
tory entry points must be available in each working instanceof system, which
is WSMX complainant. Entry points also de�ne the required fu nctionality of
WSMX compliant system. By selecting given entry point the prede�ned execu-
tion semantics of a given set of components is triggered. These four obligatory
entry points enabling execution of any of four available execution semantics are:

realiseGoal(WSML):WSMLConfirmation

Any external entity, which expects to get its goal realised without
back and forth interactions (communication) with WSMX syst em,
might wish to provide a formal description of a Goal (expressed
in WSML). This quite simpli�ed scenario assumes that service re-
quester knows even before service discovery all the data, which might
be required by service provider. WSMX selects and executes service
on behalf of service requester. Service requester might receive �nal
Con�rmation, but this step is not obligatory (many entities , which
might wish their goals to be realised by WSMX system might not
have permanent addressing, so there is no possibility to make an
asynchronous call back to them returning the �nal result of the ser-
vice invocation).

receiveGoal(WSML):WebService[]

ReceiveGoal entry point addresses more realistic scenario, when ser-
vice requester might wish to consult WSMX to learn about Web
Services which satisfy its Goal, expressed in WSML. In this asyn-
chronous call, service requester provides Goal and expectsto get
back a set of Web Services.

receiveMessage(WSML):WSMLConfirmation

Once service requester knows Web Service which he wants to use,
he must carry back and forth conversation with WSMX system to
provide all the necessary data to make execution of this Web Service
feasible. The input parameter is a WSML message that contains
all fragments of Ontology Instances (e.g. business documents such
as Catalogue Items or Purchase Orders in a given ontology) and
reference to WebService and Choreography (only if choreography
has been instantiated already), which should be used. It provides
all data required by Web Service of service provider.

storeEntity(WSML):WSMLConfirmation
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Store Entity entry points provides an administration inter face for
the system enabling the storage of any WSMO related entities(like
Web Services, Goals, Ontologies) expressed in WSML and making
them available for other parties using WSMX system.

In addition to these four entry points, we assume that WSMX pro-
vides an engine to support dynamic execution semantics enabling
execution of any formal description of system behaviour. Inthis
way we can also de�ne additional and not required by any imple-
mentation, functionality of the system.

Four entry points described in this section are fundamentalto de-
scribe sequence diagrams, which we will present in later parts of this
document (at this stage we have focused on providing sequence di-
agrams for the second and third option, as well as we have started
already to work on addressing the �rst option as well).

4.2 Dynamic Execution Semantics

This section present some initial thoughts on dynamic execution semantics
in WSMX. It is still very �rst draft and very high level overvi ew of architecture
enabling dynamic execution semantics.

During design process of WSMX several steps have been undertaken, in-
cluding describing its conceptual model, specifying its formal system execution
semantics and designing its architecture. By providing theconceptual model
the common reference vocabulary for the development team has been de�ned,
which has been meant to be used at di�erent phases of the project. Execution
semantics - the formal speci�cation of the operational behavior is normally used
for a number of reasons during software development. As described by [?] in
the context of WSMX we were initially interested in modeling the execution
semantics of WSMX in such a way that developers understand the system, that
certain properties of the system can be inferred and that it enables model-driven
execution of the system's components.

The architecture de�nition has delivered a detailed description of the overall
system, components interfaces and speci�cation of the functionality expected
from the particular components. One of the key design decisions we under-
take for WSMX has been to keep individual components decoupled one from
each other and to enable components distribution across thenetwork. The de-
velopment of the high-speed networks makes it possible to distribute services
across various machines achieving complete functionalityby combining these
partitioned and distributed resources. The e�ective way to exploit advantages
provided by network and achieve system scalability requires partition system
functionality into coarse-grained components with well de�ned interfaces which
can provide a small but complete functionality required by this system. An
initial version of WSMX included only one possible execution semantic which
was hard-coded into components of the system. This approachvery quickly
showed weaknesses of WSMX design as revealed by new requirements and use
cases provided by potential users of the system. We decided to re�ne our ini-
tial architecture approach and we accommodated a mechanismto incorporate
new components and methods enabling adding and removing anynew formal
de�nitions of execution semantics describing operationalbehavior of the system
without the need to recompile the whole platform any time such new execution
semantic becomes available.

The �rst step to enable new execution semantics in the systemhas been the
design of execution semantics (or in SOA terminology - "business processes") -
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a group of business activities undertaken by a management component in pur-
suit of a common goal. While for WSMX we used Petri nets [?], we do not
restrict dynamic execution engine to any speci�c formalism. Tool we are using,
CPNTools, make it possible to model so-called high-level Petri-nets, extending
classical Petri nets with hierarchy, color and time. The tool used for de�nition of
business process must make it possible to verify certain properties of the model;
it must check some simple properties such as syntactical correctness, unreach-
able states or unsatis�able conditions. While we de�ne process, we made an
abstract declarations that services will be requested by using services interfaces
(see �gure 2), but actually we do not bind the process to the concrete service,
which is going to be invoked during run time. As an underlying formalism for
de�ning abstract business processes in WSMX dynamic semantic execution en-
gine we have started using YAWL, a novel work
ow management language. It
builds on the formal foundations of Petri nets but is speci�cally designed for
usability, which could be an advantage over a purely Petri net based approach.
The system includes an enactment engine and a design tool; the system is how-
ever quite young and not yet mature. We have already made someinitial tests
in using YAWL as system behavior de�nition formalism for WSM X.

Figure 2: Abstract Execution Semantics De�nition

Except process de�nition, we recognized another requirement to enable dy-
namic execution semantics - runtime ability to plug-in and plug-out compo-
nents. In WSMX we enable recon�guration, management, and monitoring of
available software components. We maintain that system must be capable to
host deployable components and to recon�gure them during initialization and
as during runtime (see listing 1 for system con�guration �le de�nition).

[Todo: XML con�guration �le will be pasted in here>
The persistent con�guration support is responsible for loading the various

components into memory at startup time. Di�erent versions of WSMX provide
di�erent degrees of con�guration support, early releases provide only basic, cen-
tralized support while later releases are planned to have more sophisticated and
decentralized con�guration systems to provide more 
exibility. The system must
be able to cope with the additional complexity caused by the introduction of
features such as component injection or persistence of metadata objects. Having
abstract process de�nition and components installed in thesystem, we gener-
ate wrappers for components (see �gure 3). The purpose of thewrapper is to
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separate components from transport layer for events. As mentioned before al-
though we also recommend building the communication insideSemantic Web
Services architecture based on event paradigm, the system components can be
coordinated without events. WSMX is an event-based system,consisting of
many wrappers that communicate using events. Wrappers exhibit an asynchro-
nous form of communication. One wrapper raises an event withsome message
content and another wrapper can at some point in time consumethis event
and react upon it. Components o�ering services to WSMX remain unaware of
event infrastructure, while they solely communicate with their own wrappers,
while event consumptions and production is taking place only on a wrapper
level. Transport mechanism has been also decupled from the system by using
Transport interface, which hides details of event transport mechanism.

Figure 3: Process, its wrappers and context

Figure 4 presents the complete architecture enabling decoupling of compo-
nents from execution semantics in Semantic Web Services architecture. Deploy-
ment of any new execution semantics will regenerate wrappers for the set of
components. Based on execution semantics de�nition, thesewrappers will be
only capable to consume and produce particular types of events. In a running
system dynamic execution semantics is achieved by mapping abstract system
behavior into real event infrastructure of the system.

To assure that there are no design 
aws, livelocks or deadlocks the formal
veri�cation of the model must take place before model is deployed to the system.
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Figure 4: Event SOA for WSMX

5 WSMX to WSMX Communication

6 Modelling WSMX using an Architectural Ontology

7 Summary and Outlook
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