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Executive Summary

This deliverable provides the conceptual description anagmework for the Web ser-
vices architecture used in DIP. The document provides a stctural view of the compo-
nents required by the architecture and the interactions b&teen them. A brief textual
description is provided for each component along with a degation of the components'
interfaces, described using Java.

This deliverable presents the vision and architecture of astributed system, where
semantically described components can be plugged in and pahd where the descrip-
tion of the invocation order of the components is separatedoim their implementation.
While we assume that for the Semantic Web services (SWS) iaftructure, a minimal
set of components for discovery, mediation, compositiomviocation etc. are required,
the system should support the hosting of additional componés, whose functionality
may be unknown at system design-time. The architecture is gigined to allow new or
upgraded components to be plugged in without a ecting the stbility of the system.

WSMX is provided as open-source software at SourceForgd.aed formed an in-
tegral part of the W3C member submission for Semantic Web séces submitted by
DERI, Galway (NUIG) and DERI Innsbruck (Leopold Franzens Urnversitaet, Inns-
bruck). WSMX also provides the basis for the newly formed OAS Technical Com-
mitte for specifying a Semantic Execution Environment (OAS SEE TC). The focus
of this OASIS committee is to further develop the Semantic Weservices architecture
and description of execution semantics initiated through \8MX.

The architecture described here is relevant for all delivables in DIP responsible
for providing a functional component for the DIP Semantic Wk services execution
environment prototype.

Disclaimer: The DIP Consortium is proprietary. There is no warranty for the accu-
racy or completeness of the information, text, graphics,nks or other items contained
within this material. This document represents the common iew of the consortium
and does not necessarily re ect the view of the individual péners.
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1 Introduction

This deliverable describes the architecture of an open-goe execution environment
for Semantic Web Service (SWS) calledeb service Execution Environmen{WSMX).
WSMX is a comprehensive software framework for the discoyeselection, mediation,
invocation and interoperation of Web services based on tlheiemantic descriptions. It
is a reference implementation of the Web services Modelinght@logy (WSMO) [10]
which de nes a conceptual model for various aspects of SentiarWeb services. By
implementing an environment supporting service requestgoals and goal driven dis-
covery and invocation, WSMX enables service requesters aptbviders to come to-
gether to achieve specic tasks even when these service respers and providers are
not aware of each other in advance and may have signi cant derences in their data
and public behaviour models.

The work described in this deliverable was carried out joiht under the auspices of
the DIP project funded by European Union's IST programme (no FP6 - 507483)
and the DERI-Lon project funded by Science Foundation Ireand (SFI grant no.
SFI/02/CE1/1131) . The editors would like to thank the members of the WSMO,
WSML, and WSMX working groups for their advice and input intothis document.

1.1 Revision History

The rst version of the architecture (M12) represented a hig level approach identifying
the main components required for a Semantic Web services laitecture. As shown in
gure 1.1, the second and the third versions of the architeate (M18 and M24) re ned
the architecture and focussed on the implementation of cofanctional components,
in order to allow parallell prototype development. The fouth version (M30) will be a
further re nement, also taking account of components idemted in the M12 document,
but not yet developed (e.g. security). The nal version of tle DIP Architecture (M36)
will include further re nements, which will be driven in particular by the ongoing
implementation of the case-study prototypes.

Dec 04 - M12 Architecture V1

Implementation /
focus ~a / |

June 05 - M18 Architecture V2

Y
Dec 05 - M24 Architecture V3

|
_H““‘-**
June 06 - M30 Architecture V4

Y
Dec 06 - M36 Architecture V5

Figure 1.1: Revision History of the DIP Architecture




1.2 Motivation for the Architecture

In general where advances in computer and information scmnoccur their uptake is
greatly assisted by having tools and frameworks that allowdth software engineers
and potential users to try out the new technology. WSMX aimsa address both these
interest groups. WSMX is provided as open-source softwarethva license intended to
make it as easy as possible for anyone to use the software fesgarch or commercial
purposes. The open-source model is intended to encouragévere developers to
develop functional components that exploit the extra knovddge made available in
Semantic Web service descriptions. The WSMX architectur@c¢ludes a mechanism to
allow components e.g. discovery, to be developed by a thiréiply and plugged in to
the WSMX framework with minimum requirements on the compona's developers.

From the perspective of potential users of Semantic Web sé&gs, WSMX provides
a means to focus on maximising the bene ts o ered by being ablto unambiguously
describe the functional and non-functional aspects of Welerwices without having to
invent a framework that knows how to handle those descriptiss. WSMX provides the
glue that brings the features promised by Semantic Web secé technology to life. In
the same way as middleware systems hide the detail of how thigyk autonomous het-
erogeneous applications and systems together, a Semantieb\services environment
such as WSMX hides the detail and complexity of how the reques and provider of
Web services can communicate with each other even where théy not know each
other in advance, speak di erent languages and expose diemt behaviours at their
service interfaces. WSMX has the potential to o er a credil@ lightweight solution to
the problems faced in integrating applications and businsesystems across the Web.

There are no comparable architectures of execution frameske for Web services
based on WSDL [4] descriptions. Speci cations such as SOAB] [and WSDL pro-
vide powerful underlying tools which WSMX also uses. Howevéhe technologies for
traditional Web service discovery, composition and invo¢@amn are limited by the ab-
sence of semantics which keeps much of the responsibility finking Web services
together on the shoulders of the developers creating the gees, the clients and, in
the case of composition, the designers of the work ow degations (e.g. using BPEL
! or Microsoft Biztalk 2).

1.3 Architecture Style

Software architectures are concerned with providing a higbvel description of a system

explaining how the system, from a design perspective, addses the problems it needs
to solve. It takes account of the immediate and longer term gelirements of the system,

the existing technologies, new technologies that are corgiron-stream and provides
the vision of how the system can be designed to achieve its paVNSMX is a service

oriented architecture (SOA) that adopts the two principlesbelow taken from the Web

services Modelling Framework (WSMF) [7].

Component decoupling
This is a principle of SOAs that emphasises the strong de-qaling of the various
components that realize a software system. Making comporigrself-contained

Ihttp://www.oasis-open.org/committees/tc _home.php?wgabbrev=wsbpel
Zhttp://www.microsoft.com/biztalk/default. mspx
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supports a clear separation of concerns. Each component hasvell de ned
functionality that can be utilized by other components.

Standardization of external behaviour of components

The external interfaces of the components within the WSMX ahitecture are
not expected to change very often. By having well de ned congment interfaces
and behaviour descriptions, we separate the implementatioof the individual
components from the operation of the system as a whole. One tbe long-
term aims for WSMX is the support of dynamic execution semaiuts. Execution
semantics provide a formal description of the operation ofsystem. By dynamic
execution semantics, we mean that it should be possible tcakbh a description of
how WSMX should operate at runtime without having to restartthe system. For
example, a particular deployment of WSMX might never requé data mediation
because all data and processes available to the WSMX are hayaneous. In such
a case an execution semantics might be de ned to ignore thisraponent. This
can be relevant in systems where, for optimization reasorsyen a pass-through
call to a component where the component takes no action miglte too time
consuming.

We can also imagine scenarios where a deployment of WSMX ioyded with
a new component whose functionality was not considered ingloverall WSMX
design - it may be a specic requirement for that speci c deglyment. This
could lead to a requirement to extend the principle of standdized component
interfaces in the future.

An initial set of components have been identi ed to make WSMXa reality and
to provide the basic functionality required for executing B/S, namely discovery, me-
diation, composition and invocation. By adopting the SOA stle and by building a
highly exible messaging infrastructure at its heart, WSMXis well placed to include
new components o ering functionality as required. Indeedhe possibility of adding
new components on the y is a strong motivational factor in te ongoing design and
development of WSMX.

So far we have talked about how WSMX looks on the inside but asend crucial
aspect of WSMX is how it adapts to a distributed system model.In other words,
by design WSMX is not intended as a standalone centralised ssgm. Rather each
deployment of WSMX is intended to be considered a node in a pe® peer (P2P)
network. In this network, each node of WSMX will have the saméghtweight event
driven SOA at its core. Components will be plugged into any e of WSMX as
required. Architecturally speaking, it is not necessary tat any particular functional
component be deployed on the same physical server as WSMXelfsalthough, in the
short to mid-term, phase of development, this is the most ldy design that will be
implemented. By viewing WSMX as a federation of nodes in a P2ketwork, additional
approaches for service discovery and composition open up.

1.4 Architecture versus Design & Implementation

This deliverable provides both a high level conceptual aritecture with an overview
of system components and their functionality, as well as cardetail on more technical




aspects of the system design. Despite the inclusion of thes®re detailed techni-
cal design aspects of WSMX , this document is not intended astachnical system
documentation or as a programmers reference. A detailed heical design document
describing the implementation aspects of WSMX will be inclled with the open source
code and documentation.

1.5 Organisation of the Document

The rest of this document is organised as follows. Section 2opides a high level
view of the architecture both in terms of the functional compnents of WSMX and
how WSMX can operate in a P2P network. Section 3 provides a sttural view of
WSMX with functional descriptions of the components curretty de ned for a WSMX
node and the de nition of their interfaces. Section 4 desdyes the execution semantics
while Section 5 discusses the behavioural view of WSMX - hohet execution semantics
(described in section 4) are re ected in the architecture. éttion 6 provides a document
summary.




2 Architecture Overiew

This section is intended to provide an overview of two aspexbf WSMX architecture
brought up in the introduction. The rst is the idea that each deployment of WSMX
is intended to be considered as a node in a P2P network. The ged aspect we look
into here is how the architecture of WSMX relates to the styleof grouping system
functionality into layers where the interaction between Igers is well de ned.

2.1 A P2P Network of WSMX Nodes

In general a P2P network is one in which there is no central ctrolling entity. Each
node in the network can communicate with any other node to coperate together in
performing some task(s). The most well known P2P networks irecent years have
been concerned with sharing video and audio les among a comnity of users. Each
user has software enabling the P2P network on their machinené the addresses of
machines in the network are available to all users of the P2Rwices. In reality, many
networks advertised as P2P have a central node used for membenagement. Having
a central node means having a central point of failure. With \8MX we aim for a true
P2P system where the failure of any node in the network will naesult in the entire
network breaking down.

P2P networks o er the advantage of allowing data and functinality to be split up
across the network while at the same time allowing peers to-operate in achieving
tasks requiring this data or functionality even though it ma be distributed across
di erent locations. From the WSMX perspective, a typical ug-case is for service
discovery. A WSMX node receives a goal de nition and uses tltiscovery component
at that node to search for matching services. The search takplace across Web service
descriptions that are known to the service registry for thanode. Where no match is
found, in a P2P network, the rst WSMX node will forward the discovery request to
another WSMX node known to it. Again if the second node has naiscess, it will
possibly forward the request again to a third WSMX node and son. We envisage that
there will be a need to be policies in place to control the defptof recursion allowed.

As each WSMX node will be itself a Web service with a WSMO semian descrip-
tion, the invocation of a component in another WSMX node in tk network will be
the same as for any other Web service invocation. Figure 2.hasvs how a simple P2P
WSMX network with three nodes would look. In the gure each W# X has a di erent
backend system associated with it. For the discovery exangpimentioned earlier, each
WSMX node may have di erent service descriptions in its regtry corresponding to
speci ¢ functionality o ered by the associated backend aplation.

A P2P network architecture of WSMX nodes is a long term visiofor WSMX. It is
likely that the development of this aspect of WSMX will be diven by the requirements
of service discovery as Web services are situated all aroutite Internet and it is
extremely unlikely that one single global registry of serge descriptions will ever exist.

2.2 Overview of a single WSMX Node: SOA vs Layers

The most dominant style adopted by WSMX is that of a Service Gented Architecture,
a software system consisting of a set of collaborating sofive components (or services)
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Figure 2.1: WSMX Nodes in a P2P Network
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with well de ned interfaces that, by exchanging messagespdether perform a set of
tasks. It is not necessary for the components to necessariiye in the same address
space, nor even in di erent address spaces on the same maehiithey may very well
live on physically separated servers communicating over a&twork channel through
multiple communication protocols.

Loose coupling of system components is the cornerstone ofA30 This is re ected
in WSMX where independent pieces of functionality are progied in components. Each
WSMX component provides a service that consists of a logicahit of system code,
application code, persistency layers and a public interfad¢o access the service. In short
anything that as a unit can carry out an application-level ogration. Services are often
characterized by exactly these operations, which they prale to other components.
Preferably these services have machine-processable nud#a descriptions.

The internal communication model for WSMX is based on evertiased messaging
which supports the decoupling of indiuvidual components. @nmunication is handled
through the interfaces of the components; the implementain of each component is of
no concern to any other component needing to interact with itThe decoupled nature
of WSMX is intended to allow for load-balancing and clustenig of components for
future optimization. The bene t of the approach is increaseé exibility, better exten-
sibility and improved reusability. Having an SOA facilitates, but does not guarantee,
that these goals will be achieved but is a good basis from whito start.




3 Structural View

This section takes a more detailed look at the various compents that have been
de ned as part of the architecture for WSMX. The components @dcussed here are
those that are mandatory for the current version of WSMX. To eable WSMX to
provide an industrial-strength integration framework basd on Semantic Web services
will require additional components. In particular, this wauld include components for
security, reliability, transactionality, negotiation, monitoring and so on.

This section is organised as follows. We rst look at the ovall structural view of
the WSMX architecture. The following subsections describihe intended functionality
of each of the components. The purpose of these descriptiaego give a high-level
description of what each component provides along with a deition of the interface
the component must support. Detailed speci cations of the esign and implementa-
tion of individual components are the responsibility of thecomponent owners within
the technical work packages of DIP. Summary interface degations are included in
Appendix B, expressed using the Java programming languageersion 1.5. The DIP
deliverable, DIP D6.9 Revision of API, provides a comprehsive description of the
API including full Java package names for the datatypes used

3.1 Architecture Components

The WSMX architecture consists of a set of loosely-coupledrmponents as presented in
Figure 3.1. These can be plugged-in and plugged-out from tkgstem. Consequently,
components within WSMX can be added, replaced or removed wéithe system is
running. Components themselves are pure Java componentsefoying a component
to WSMX simply involves copying the Java implementation to adesignated folder.
Likewise undeploying a component involves removing the Jaimplementation from

the same designated folder.

Interfaces are de ned for each component and are used as theeans of inter-
component interaction. Where necessary mockup componearg implemented as part
of WSMX until the development of the real components reachdbe stage where they
can be meaningfully deployed. In this way there is an ongoirifecycle of development
and testing of components.

The architecture diagram of Figure 3.1 shows WSMX in the coakt of three related
external systems. The rst of the green boxes above WSMX regsents front-end
tool for visualising and managing the four top-level elemén of WSMO (goals, Web
services, ontologies and mediators) and for creating mappgs for data and process
mediation. This is the Web Service Modelling Toolkit (WSMT} [8]. The second green
box represent tools for managing and monitoring the componis deployed to WSMX
and the execution of tasks using these components. Finaltiie third external related
system is the Adapter Framework, shown between WSMX and thevice requesters
and providers on the left of the diagram. WSMX uses the conceal model of WSMO
to provide its internal data model. Communication between VBMX and the outside
world is carried out using WSML messages. Where an externatsgem wishing to
use WSMX does not support WSML, an adaptor is required to traglate between the

Ihttp://sourceforge.net/projects/wsmt
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Figure 3.1: WSMX Architecture

export format of the external system and WSMX e.g. between argprietary XML
Schema and WSML.

3.1.1 Core Component

The Core Componenis the central part of WSMX. It manages interaction betweente

other components through the use of component-wrappers thare automatically cre-

ated when a component is deployed. The core can be thought &f passing a typed
token to component-wrappers. The type of the token can be rddy each wrapper
and used to decide if the event represented by the token is @mided for that wrapper's
component. If so, the wrapper makes an invocation on the JavsPl provided by the

component requesting the component to carry out its task.

Interface. There is no specic interface de ned for the Core Componenthat can

be invoked by other components. Instead the core componest started as part of
the start-up sequence for WSMX and runs as an independent m&ss managing the
event-based communication mechanism of WSMX.

3.1.2 Resource Manager

The ResourceManageris the interface for WSMX persistent storage. The component
implementing this interface is responsible for storing exedata item WSMX uses. The
WSMO API provides a set of Java interfaces that can be used tepresent the domain
model de ned by WSMO. WSMO4} provides both the API itself and a reference
implementation but it is not a pre-requisite that implementtions of the Resource
Manager use WSMOA4,.

Currently WSMX de nes interfaces for six repositories. Fouof these repositories
correspond to the top level concept of WSMO i.e. Web servigesntologies, goals,
and mediators. The fth repository is used by WSMX for non-W$/10 data items e.g.
events and messages. Finally, the sixth repository is useategister WSDL documents
and to link them to the corresponding WSMO descriptions. Th&/SDL descriptions

Zhttp://lwsmo4j.sourceforge.net/




are required to ground WSMO service descriptions to SOAP otCGAP/HTTP.

Interface. Tables A.1, A.2, A.3, A.4, A.5 and A.6 describe these intertas.

3.1.3 Service Discovery

The Discoverycomponent is concerned with nding Web service descripti@that match
the goal speci ed by the service requester. Itis notin the spe of this architecture doc-
ument to specify how the discovery is implemented but the ieint is that the WSMO
description of the goal a user wishes to achieve (describedtérms of a desired capa-
bility with preconditions, assumptions, e ects and postcaditions) is matched to the
WSMO description of Web services known to WSMX (described iterms of o ered
capabilities). The discovery component returns a (possiplempty) list of Web service
descriptions.

Interface. Table A.7 describes the interface.

3.1.4 Non-functional Selector

The Non-functional Selector{labelled Selection Figure 3.1 is a component used to select
the most suitable service from a list of matching services nthed by discovery. For
example, a service requester may de ne preference for théeséion of the most suit-
able discovered Web service. If discovery results in moreatihone service that satis es
the goal, theselectioninterface is used to chose one based on speci ed prefererues-
erences. Selection does not involve making an invocation tre service.

Interface. Table A.8 describes the interface.

3.1.5 Data Mediator

A WSMX DataMediator component has the role of reconciling the data heterogeneit
problems that can appear during discovery, compaosition, Isetion or invocation of Web
services. This interface is dedicated for the runtime phasd the mediation process.
The run-time component implementing this interface has theole of retrieving from
storage the already-created mappings, to transform themtm rules, and nally to
execute them against the speci ed incoming instances (inpuin order to obtain the
target instances (output). Since the mappings represent ¢hconnection point between
the two sub-components (design-time and run-time) one of ¢hdependencies for the
run-time component relates to the mapping storage level. Aher crucial dependency
relates to the reasoning system used for executing the rulesthe nal stage of the
mediation process.

Interface. Table A.10 describes the interface.

3.1.6 Process Mediator

A WSMX Process Mediatohas the role of reconciling the public process heterogeneit
that can appear during the invocation of Web services. Thats| ensuring that the
public processes of the invoker and the invoked Web serviceatth. Since both the
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invoker and the Web service publish their public processes a&horeographies, and
the public processes are executed by sending/receiving s&ges, the process media-
tion component will deal with reconciliation of message elkange patterns based on
choreography.

The current version of the Process Mediator takes as inputhé choreographies of
the requester and provider, the entities that are requireda be sent from one to the
other for a particular message exchange and the directiona@fmmunication (requester-
to-provider or provider-to-requester). The Process Mediar then identi es where
exactly the message should be sent and how the data providdwald be used.

The current version of the Process Mediator is intended to bevoked by the Chore-
ography Engine. This strong dependency will be reviewed fdine future versions of
the architecture.

Interface. Table A.11 describes the interface.

3.1.7 CommunicationManager

The CommunicationManageis responsible for dealing with the protocols for sending en

receiving messages to and from WSMX. Its external behavious accessed through
the Invoker and Receiverinterfaces. The WSMX Receiverinterface expects the contents
of all messages it receives to be expressed in WSML. Each WSMiessages may
represent a goal to be achieved or be a message correspondin@ choreography

or orchestration instance that already exists. The Communation Manager accepts
the message and handles any transport and security protosalised by the message
sender. The execution semantics of WSMX determine how the W& message should
be handled based on the de ned execution semantics of the &ys.

The Invokeris used by the execution semantics of WSMX when a Web serviceenls
to be invoked. The invoker receives the WSMO description ofié service, the endpoint
for the invocation and the data that that particular endpoint expects to receive (think
of endpoint here as operatons in a WSDL service description)t is responsible for
making the actual invocation of an operation on a service. Ithe majority of existing
Web service implementations, this means ensuring that theesiantic description of
both the data and the behaviour of the Web service are groundéo the corresponding
WSDL descriptions. In this version of the architecture, gronding is handled by the
Adapter Framework outside WSMX. This implies that any Web sevice not using
WSML as its data exchange language will require an adapter wrder to be invoked
from the architecture. This will be reviewed with respect tdhe case-study prototypes
for the next version of this deliverable.

The external behaviour of the system is de ned in the&ntryPoint interface. In the
context of WSMX, entry points are the collection of methodshat WSMX exposes as
the only way to interact with it. The intent is that the EntryPoint interface be imple-
mented by any WSMO-compliant Semantic Web services envirorents to facilitate
seamless run-time integration of these systems.

Interface. Table A.12 describes thanvoker interface and table A.13 describes the
Receiverinterface.
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3.1.8 Choreography Engine

A WSMO choreographyde nes how to interact with a Web service in terms of exchangg
messages the so-called communication patterns.

After discovering a Web service description, one has to kndive observable behav-
iour of the Web Service in order to achieve the desired funotiality. Choreography and
Orchestration comprise part of the interface de nition of aWSMO service description.
Choreography describes how to communicate with the servisach that the service will
provide its capability. Orchestration describes how the seice collaborates with other
WSMO services to achieve its capability. The choreographyngine is responsible for
using the choreography descriptions of both the service ggpter and provider to drive
the conversation between them. It is the responsibility ofite choreography engine to
maintain the state of a conversation and to to take the corré@ction when that state
is updated. For example, the update of the state of a chore@phy instance may be
the result of a message received from a service provider. Té@nsequent action, as
described in the choreography instance, could be to forwattle unchanged message
to the service requester.

Interface. Table A.14 describes thechoreographycomponent interface.

3.1.9 Parser

The Parserchecks if the syntax of received WSML descriptions is coritedOnly if cor-
rect, the descriptions are parsed into WSMO4j data objectssed as the internal data
representation for WSMO.

Interface. Table A.15 describes theParsercomponent interface.

3.1.10 Orchestration

The functionality and interface for the WSMX Orchestration are not de ned in this
version of the architecture.

3.1.11 Web Service Modelling Toolkit

The Web Services Modeling Toolkit (\WSMT) provides user intdéace tools for WSMX
management and monitoring including a WSML editor. The ardtecture and design
of WSMT is described in the WSMX deliverable D9.1. Its currendocumentation is
available at [8].

3.1.12 Reasoner

The WSML Reasoner is required by several other componentsthre architecture, no-
tably discovery and both the process and data mediator compents. The current draft
release allows for hierarchical queries on concepts, sushrequests for subconcepts or
superconcepts, entailment and, some support for queriesaagst the knowledge base
available to the reasoner. Interface. Tables A.16 and A.17 describe theReasoner
component interface.
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3.1.13 Adapter Framework

The adapter framework on the left of Figure 3.1 is not part oftie internal architecture

for WSMX but is essential for supporting external applicatins, that do not directly

support WSML, but that may wish to use WSMX for goal-based Welservice execu-
tion. For example, an adapter may be required to take the outg of an SAP ERP

back-end system and transform it into a WSML message that cdre passed to WSMX
for processing. The adapter, in this case, would also be ugedransform the WSML

message, received from WSMX, back into a format supported Ibge ERP system (a
WSDL endpoint, in most cases).

3.1.14 Security

The requirement for a security component has been recogridsg&nce the rst draft of
the DIP architecture in M12. This component will be addresskin the next release of
the DIP architecture.
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4 Behavioural View

WSMX is a Service Oriented Architecture (SOA), which meanshiat it is a software
system consisting of a set of collaborating software compems with well de ned
interfaces that together perform a task. These componentg ot necessarily live in the
same address space, not even in di erent address spaces amghme machine, instead
they may very well live on di erent continents communicatirg over a network channel
through multiple protocol stacks. This situation creatests own unique demands,
born out of latency, memory access, concurrency and failuo¢ subsystems, which the
architecture must be able to cope with. All these aspects agoing to be addressed
in subsequent steps during designing and implementing redeace implementation of
WSMX.

SOAs di erentiate themselves from other distributed systms through the concept
of loose coupling brought to its extremes. Strong de-coupg of the various compo-
nents that realize an e-commerce application is one of the joafeatures of WSMO. In
WSMX conceptually independent pieces of functionality habeen grouped in compo-
nents. Each of the WSMX components provides services - a dmgf which is a logical
unit of system code, application code, persistency layens, short anything that as a
unit can carry out an application-level operation. Servicg are often characterized by
exactly these operations, which they provide to other compents. Preferably services
have descriptions in machine-processable meta-data. Theclhitecture described in
this document includes an internal communication mechanis for an SOA based on
an events-based mechanism. However one can also envisionnmastructure coordi-
nated without events.

In WSMX, communication between components takes place thugh events. It
enables the good practice of implementation-hiding, in wti the implementation of
a service should be of no concern to the client of the servicdll of this together
should result in increased exibility, better extensibilty and dramatically improved
reusability. In particular it facilitates the addition, up grade or removal of functional
components while at the same time maintaining the stabilitypf the system. Situations
where new components are added to WSMX that were not consiéérduring the initial
design are examples of where there would be bene ts for a &k, dynamic mechanism
of de ning how the system operates. This is what we mean wherevdiscuss the topic
of dynamic execution semanticsor WSMX.

4.1 Separating Component Behaviour from Implementation

Execution semantics provide a formal description of the opation of a system. Having
dynamic execution semantics extends this idea further to raa that the behaviour of a
system does not need to be only de ned at design time. By sep#ing the description
of the behaviour of WSMX from the implementation of the fundobnal components,
we aim to allow the execution semantics of the system to be dte and evolve over
the lifetime of the system itself. This section aims to prode some background to
how execution semantics are applied to WSMX. Section 5.1 deibes the execution
semantics themselves.

As described by [12] in the context of WSMX, there was an in@il focus on mod-
eling the execution semantics of WSMX so that software dewglers could understand
the behaviour of the system and to enable model-driven exdmn of the system's
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components. Describing execution semantics explicitly stide the component imple-
mentation provided a clean way of separating the functiongy of components from
the the operational semantics that WSMX could support. One éne t is that it assists

in managing the lifecycle of components. They can be addedmoved and updated
in the WSMX without having to recode or redesign the software

The initial version of WSMX included only one possible exetion semantic which
was hard-coded into components of the system. This approagbry quickly showed
weaknesses of WSMX design revealed by new requirements arsg gases provided
by potential users of the system. The initial architecture pproach was re ned to
accommodate a mechanism to incorporate new components anethods enabling
adding and removing any new formal de nitions of executionemantics describing
operational behavior of the system without the need to recapile the whole platform
any time such new execution semantic becomes available. Th& step to enable new
execution semantics in the system has been the design of eten semantics (or in
SOA terminology - "business processes”) - a group of busiseactivities undertaken
by a management component in pursuit of a common goal.

Initially Petri nets [1] were used to model the execution seamtics of WSMX be-
cause of their well-de ned formal semantics. However, thgyoved di cult for many
to interpret. In this version, we use UML Activity Diagrams and rely on the formalism
de ned for them in the work of [6].

Each execution semantics can be considered to represent aqass. Whatever tool
is used for the de nition of the process must make it possibte verify certain properties
of the model; it must check some simple properties such as &gtical correctness,
unreachable states or unsatis able conditions. While we de the process, we made
an abstract declaration that services will be requested bysing services interfaces (see
gure 4.1), but actually we do not bind the process to the conete service, which is
going to be invoked during run time.

—Discover Web Services Start
1Create Choreography—
Created
Discover Services4:
Mediate Data
1Mediate Data——
Return Mediated Data—
<Return Mediated Datar
Return Web Services
4:—Check Choreography——
Confirmed
- Call Invokerj
Confirmed4:
End

Figure 4.1: Sample Abstract Execution Semantics De nition
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Apart from process de nition, we recognized another requément to enable dy-
namic execution semantics - a runtime ability to plug-in anglug-out components. In
WSMX we enable recon guration, management, and monitoringf available software
components. We maintain that system must be capable to hosegloyable components
and to recon gure them during initialization and during runtime.

The persistent con guration support is responsible for lading the various compo-
nents into memory, for which sophisticated and decentrakzl con guration systems
provide the necessary exibility. Con guration of the individual components can ei-
ther be deliver as a descriptor le or as code annotations. Mang abstract process
de nition and components installed in the system, wrapperare generated for compo-
nents (see gure 4.2) when the components are deployed. Therpose of the wrapper
is to separate components from transport layer for events.

WSMX is an event-based system, where each component has asoasated wrap-
per that exchanges events with the WSMX Core. Component wragers are generated
automatically when a component is deployed to WSMX. Wrapperexhibit an asyn-
chronous form of communication. One wrapper raises an evewith some message
content and another wrapper can at some point in time consunthis event and react
upon it. Developers of individual components do not need toebconcerned about how
this happens. Additionally, where one component needs tovoke another, they ask
the WSMX core to give them an instance of the desirted compomeand use this as if
it were an instance of a local Java class. The components neweed to be explicitly
aware of the wrappers and never invoke them directly.

Figure 4.2: Process, its wrappers and context

Figure 4.3 depicts how components are decoupled from the pess (described
in the execution semantics). The deployment of any new exdmn semantics will
remain transparent to components. Based on an execution santics de nition, these
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wrappers will only be able to consume and produce particuldypes of events. In a
running system dynamic execution semantics are achieved imapping abstract system
behavior into real event infrastructure of the system.

Figure 4.3: Event SOA for WSMX
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5 WSMX Execution Semantics

5.1 Introduction

In a nutshell, execution semantics speci es system behawim a formal way which
makes it unambiguous and enables its simulation and analgsprior to the execution.
WSMX is based on an event-driven architecture composed ofbokely coupled compo-
nents which facilitates the creation of various executionesnantics for a system since
the activities of the components are stimulated by events a@hey occur and there are
no xed bindings between components. Components can creaieconsume events but
they cannot invoke each other directly (strictly speakingpnly the core component can
interact with other components).

5.1.1 Purpose of this section

In this section, we de ne the execution semantics of WSMX. Wrie y list two di er-
ent modelling techniques for execution semantics in the ating literature and choose
one as appropriate. Using this techniqgue we present the exéion semantics of four
mandatory WSMX behaviours (each WSMX instance has to proval them), so that
its operational behavior is formally and unambiguously spéed. We are aware that
there will be a demand for de ning execution semantics for WX by third parties
tailored to their needs and this is addressed in a separatecten.

Section 5.2 lists two methods that can be used for modelingemution semantics.
Section 5.3 provides a detailed description of four mandatoexecution semantics that
have to be provided with each instance of WSMX, and Section&bgives a description
of dynamic execution semantics that can be plugged into WSMXt runtime.

5.2 Modeling Execution semantics

Several methods exist to model software behaviour. Some dfetn model system
behaviour in a general way like UML diagrams, other impose moformal requirements
on a model like Petri-net based methods. These methods havestent characteristics:
some are more expressive than others, some are more suitedafaertain problem
domain than others. Some methods are graphical like UML or Renets, some are
based on logic terms like fuzzy logic; some methods have tsapport for modelling,
for veri cation, for simulation or for automatic code geneation and others do not.

We impose two major requirements on the methodology utilizefor model- ling
WSMX behaviour. Firstly it has to use understandable and saightforward graphical
notation, secondly it has to be unambiguous. These two regaments are met by UML
Activity Diagrams with the semantics de ned by Eshuis in [6]

5.3 WSMX Mandatory Execution Semantics

Four execution semantics are de ned that we consider mandaty for the basic oper-
ation of any running instance of WSMX. These are described iiurther subsections
of this document. The WSML message content determines whidf the prede ned
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execution semantics will be selected. Since WSMX is an evatriven system, its be-
haviour is speci ed by the order of events. Event exchange tonducted via Tuple
Space[2] which provides persistent shared space enabliegrmaless interaction between
components without direct events exchange between them. the future WSMX will
use a Triple Space[3] where exchanged entities are RDF teglwhat provide far more
elaborate querying capabilities.

Interaction is carried out by exploiting a publish-subsche mechanism. Execution
semantics are started according to selected entry-point tied (i.e. it initiates ex-
change of events via Tuple Space). WSMX works with the WSMO noeptual model
and with the wsmo4j data model that is compliant with the WSMOspeci cation v1.0.

The WSMLDocument Java class is a conatainer for any valid WSMdocument.
A valid WSML document is one conatining any combination of WBIL expressions
that can be validated by a tool such as the Web services Modalyj Toolkit (WSMT) 1.
A class de nition of WSMLDocument is included in the forthcaning DIP deliverable,
D6.9 DIP Architecture API.

Figure 5.1: General entry point selection path

Each WSMX execution semantics follows the path depicted orgure 5.1. Using
an adapter to communicate with WSMX is not necessary if the sdace requestor
can understand WSML. In such a case, the service requestoseatf has to implement
receive(WSMLMessage, Contexthethod in order to receive asynchronous WSML messages
from WSMX.

The execution semantics of WSMX follows the component-basparadigm, taking
advantage of various loose coupled WSMX components as dégit on Figure 3.1.
This means that the execution semantics of the complete sgsh treats components
as 'black-boxes' - we do not model decisions that take plaageside those components.
For a complete model of the behaviour of the system, the inteal behaviour of the
components needs to be taken into the account. Modelling thexecution semantics
of the individual components is, however, the responsilifi of the component owners.

Ihttp://sourceforge.net/projects/wsmt
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The following subsections will present the execution semi#s of WSMX in more
detail.

5.3.1 One-way Goal Execution

The following entry-point initiates this system behavior.
achieveGoal(WSMLDocument):Context

The service requestor, which expects WSMX to discover andvioke a Semantic
Web service without exchanging additional messages can ubes entry-point by pro-
viding the goal description, and optionally, the input datarequired to achieve the
goal, both expressed in terms WSML in a single input parameatef type WSMLDoc-
ument. It is intended that it should be possible to specify mferences (again, in terms
of WSML) that could be used by the selection component. Howes, preferences are
not yet specied in the conceptual model provided by WSMO andare not part of
the architecture for this version. The returned Context is aunique identi er for the
conversation between the goal requester and WSMX.

This execution semantic assumes that the service requesfmovides all the data
required to achieve its goal in the parameter, WSMLDocument The intention is
that this execution semantic is asynchronous with the assuption that to receive any
return data, the invoker of the entry-point must provide a cédl-back entry point. This
call-back must be described in their choreography.

In Figure 5.2 the de nition of the system is given. The behawaur of the discovery
component is speci ed in more detail in Figure 5.3.

First, a list of SWS is created by combining internally knownSemantic Web ser-
vices with the ones from external repositories. From thisdi, one service is picked
at a time, and an attempt at matching is made. If necessary, da mediation is re-
quested (denoted by the arc 'need DM') when the ontology of gband SWS being
matched dier. If this data mediation succeeds, the matchig can continue. If the
data mediation fails, the next SWS is taken from the Isit (if nediation cannot resolve
a mismatch between the goal and the SWS, the SWS is discardesl lzeing suitable
for the goal). The discovery process continues (with or withut data mediation) until
a list of matching Semantic Web services is completed. Thestliof discovered service
descriptions is stored by WSMX along with the Context assoaied with the instance
of the execution semantics.

Where multiple services are discovered, the selection coomgnt selects the Se-
mantic Web service out of the list returned by discovery congnent that ts best (the
selection mechanism is not de ned here). Finally, the Inva¢ component makes an
invocation on the selected Semantic Web service.

The process of discovery depicted on Figure 5.3 includes Mhaing. The matching
is (from the viewpoint of the WSMX system) a nondeterminist choice, either a
matching is found, or an error occurs or a data mediation is eded; this choice is
made not by the WSMX system, but by the matching process thatnfers on user's
goal and semantic description of a Web service. The same path is repeated for
modelling the other components, all of whose outcomes arenaeterministic exclusive
ORs (from the viewpoint of WSMX). Both the Data Mediation conponent and the
selection component can either fail or succeed.
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Figure 5.2: Overview of one-way goal execution
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Figure 5.3: Discovery inside WSMX
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The Invoker component is responsible for sending outgoingessages by making
a service invocation. The data content of all messages comimto or going out of
WSMX are expressed in WSML. Where the service provider or theervice requester
does not support WSML, an adapter is required as an intermeaty to transform
the message into the approproate syntax. The unique Contekbr each conversation
between requester and provider is included in all messages.

5.3.2 List of Web services Ful lling a Given Goal

The following entry-point initiates the creation of the lig.
getWebServices(WSMLDocument):Context

The UML activity diagram for discovery is shown in gure 5.3.A list of Semantic
Web services is created by the discovery component for a givgoal and instance of
ontology (and possibly) preferences. Only the discovery drdata mediation compo-
nents carry out their tasks. Each Semantic Web service on thist is already mediated
to the requestor ontology if necessary and has a choreogrgphSince the returned
list of Semantic Web services is speci ed in the same ontolpgs the requestor's, the
requestor can understand them and make a choice which one gliobe executed. Ex-
change message patterns are speci ed by choreography, thusgh parties expose their
expectation with regard to the exchanged messages and thender. The Context re-
turned by the method representing this entry-point acts as &andle to the converstion
between the invoker of the entry-point and WSMX.

The intention is that this execution semantic is asynchrongs and the assumption
is made that to receive the discovered Web services, the ikev of the entry-point
must provide a call-back entry point to do this. This call-b&k must be described in
their choreography.

This behaviour is quite relevant when a decision about whicBemantic Web service
to execute has to be made outside WSMX system. The decisioruttbbe taken manu-
ally or by some Semantic Web service evaluation program. Thmocess of generating
a list of Semantic Web services that meet a given goal is defgd in Figure 5.4. The
discovery component runs in loop until the desired number emantic Web services
is collected or until there are no more of them to discover. Rally, list of discovered
Semantic Web services is sent to the service requestor.

5.3.3 Web Service Execution with Choreography

The following entry-point initiates this execution semani:
invokeWebService(WSMLDocument, Context):Context

Once the service requestor knows which Semantic Web servioe wants to use,
back-and-forth conversation has to be carried out with the \BMX system to provide all
the necessary data to make the execution of this Semantic W8ervice feasible. This
execution semantic involves process mediation componebl that mitigates di erences
in the choreographies of the interacting parties. By givingragments of ontology
instances (e.g. business documents such as Catalogue Item®urchase Orders in a
given ontology) it provides all the data required by the Semaic Web service.
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As presented on Figure 5.5, the conversation between the givparties takes place
according to service requestor's and SWS's choreography.orfext previously ob-
tained from Register communication with WSMX execution seamntic is sent along
with WSMLDocument as the parameters of this execution semaeos and must be pre-
served by both interacting parties. This approach facilitees keeping track of ongoing
conversation status and refers to additional data requiretb make communication be-
tween the two parties feasible (e.g. data related to processediation like previously
received messages or status of internally initialized clemwgraphies).

Next, process mediation is invoked. Process mediation ngttes a di erences be-
tween choreographies of interacting parties (in this casequestor's and service's). For
instance, it can change sequence of messages, generate shmeny messages, pre-
serve some messages to send them later on or drop some of vedemessages. In
general, its goal is to enable communication between pasieespite their di erent ex-
pectations of communication patterns (i.e. choreograplsg In each invocation of the
Process Mediator, a Context is used to determine the step Ingi currently processed
and to update the choreographies of the interacting partiesProcess Mediation can
also require some additional data preserved in the Contexduch as previously received
messages.

Process mediation requires, as input, instances of choremghies of the interacting
parties as well as instance data. If necessary the data metittd component is re-
quested when di erences between ontologies occur. The rgatiessage and recipient
address is forwarded to the Invoker component. Next, a meggais sent asynchro-
nously. The response message is received by the Receiverpmment and then it is
again passed on to the process mediation.

5.3.4 Invoke a Known Web service

The following entry-point initiates this execution semani:
invokeWebService(WSMLDocument):Context

This entry-point in used when the Web service to be invoked iglready known to
the service requester without using WSMX as a discovery agenn this case there
is no Context beforeinvokeWebService(WSMLDocumenis called. The WSMLDocument
parameter contains all the information required by WSMX to nake the invocation. At
a minimum, this includes an identi er for the Web service. listance data may also be
included in the document if required. A unique Context is craed for the conversation
and is returned to the entity calling the entry point.

5.4 Dynamic execution semantics

Since WSMX consists of loosely-coupled components, one ldogasily imagine other
execution semantics that will appear in the future. Thanksa its architecture WSMX
can be easily enhanced with new components. Components caa tlynamically
plugged in to or plugged out of the system. New versions of cponents can replace
outdated ones in this manner. Components can be deployed amote machines and
still be able to subscribe to WSMX events through Tuple Spacand to process them.
This gives the designer a exible way to create new executisemantics.
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The new executions semantic speci cations need not be rdsted to one language.
They even need not be based on one paradigm (in this delivelatwe consider only
colour Petri net based representation). In order to createnieroperable WSMX sys-
tems, WSMX should take advantage of e orts like M3PE or WFMC 3 with its XPDL
initiative. These e orts are concerned with creating inteoperable work ow language
that other languages would be able to map to. Their ultimate gal is to be able to
execute any work ow speci cation within one engine.

2http://www.m3pe.org/
3http://www.wfmc.org/
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6 Summary

In this document we described the architecture of the currérversion of WSMX. In
particular we focused on how WSMX has evolved as a Service éntied Architecture
(SOA) from earlier versions. The adoption of the principlesf component decoupling
and standardized component interface de nitions provide \8MX with exibility as
the implementations of functional components mature and coponents are removed
or added.

The document described the structural view of the current WEX components,
listing and describing their publicly observable interfaes. In the section on dynamic
execution semantics we discussed the bene ts of separatitige functional and be-
havioural description of a system. By adopting an architeare where the execution
semantics can be updated or changed on-the- y, we are aimiagproviding as exible
a system as possible as well as attempting to future-proofdtdesign. We can not pre-
dict all possible components and combinations of componsnthat could be useful in
a WSMX deployment but we aim to support the plug-in and out of sch components
as they become available and are required.
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A Appendix: Functional Component Interfaces

This appendix contains a set of tables that provide the intéace for the functional
components of the architecture. The interfaces describeglmethod names, as well as
input and output parameters. All inputs and outputs are dataprimitives (int, string
etc.) or are taken from the WSMO4} object model. The full API for the architecture
is publishes as JavaDoc HTML pages in the DIP public delivebde D6.9.

Table A.1: Goal Resource Manager Interfaces
Method Summary
void | storeGoal(Goal goal)

This method takes a
WSMO4J Goal object and stores it
within the Resource Manager
void | removeGoal(Goal goal)

This method removes a
WSMO4J Goal object from the Re-
source Manager
Sek Goab | retrieveGoals()

Get all goal descriptions from
the repository
Sek Goab | retrieveGoals(Namespace namespace)
Get all goal descriptions for
the speci ed namespace
Goal | retrieveGoal(ldenti er identi er)
Get the goal for the specidied
identi er
Sek Identi er> | getGoalldenti ers()
Get all goal identi ers from
the repository
Sek Identi er> | getGoalldenti ers(Namespace namespace)
Get all goal identi ers from
the repository for a particular
namspace
boolean| containsGoal(ldenti er identi er)

Determine if the repository
contains the goal corresponding to
the identi er

Thttp://wsmod4j.sourceforge.net/
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Table A.2: Mediator Resource Manager Interface

Method Summary

boolean

containsMediator(ldenti er identi er)

Determine if the repository
contains the mediator corresponding
to the identi er

Sek |denti er>

getMediatorldenti ers()
Get all mediator identi ers
from the repository

Sek Identi er>

getMediatorldenti ers(Namespace
namespace)

Gets a set of mediator identi-
ers from the repository for the spec-
I ed namespace

Sek Namespace

getMediatorNamespaces()
Gets all namespaces contain
ing mediator descriptions

void

removeMediator(Mediator mediator)
Remove a mediator from the|
repository

Mediator

retrieveMediator(ldenti er identi er)

Returns a mediator object
corresponding to the identi er from
the repository

Sek Mediator>

retrieveMediators()
Returns a set of all mediator
objects from the repository

Sek Mediator>

retrieveMediators(Namepace namespace)
Returns a set of all mediator
objects for the speci ed namespace

void

storeMediator(Mediator mediator)

Save a mediator to the repost

itory
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Table A.3: Web Service Resource Manager Interface

Method Summary

boolean

containsWebService(ldenti er identi er)

Determine if the repository contains
the WebService corresponding to the iden
tier

Sek Identi er>

getWebServiceldenti ers()
Get all WebService identi ers from
the repository

Sek Identi er>

getWebServiceldenti ers(Namespace namespace
Gets the set of WebService iden

tiers corresponding to a particular

namespace from the repository

Set Namespace

getWebServiceNamespaces()
Gets all namespaces containing We
service descriptions

O

void

removeWebService(WebService webService)
Remove a WebService from the
repository

1%

WebService

retrieveWebService(Identi er identi er)

Returns a WebService object corre
sponding to the identi er from the repos-
itory

Setk WebService

retrieveAllWebServices()
Returns a set of all WebService ob
jects from the repository

Setk WebService

retrieveAllWebServices(Namespace namespace)
Returns a set of all WebService ob
jects for the speci ed nhamespace

void

storeWebService(WebService webService)

Save a WebService to the repositor
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Table A.4: Ontology Resource Manager Interface

Method Summary

boolean

containsOntology(ldenti er identi er)

Determine if the repository contains
the Ontology corresponding to the identi-
er

Sek Identi er>

getOntologyldenti ers()
Get all Ontology identi ers from the
repository

Sek Identi er>

getOntologyldenti ers(Namespace namespace)

Gets the set of Ontology identi ers
corresponding to a particular namespac
from the repository

[}

Sek Namespace

getOntologyNamespaces()
Gets all namespaces containing or
tology descriptions

void

removeOntology(Ontology ontology)
Remove an Ontology from the
repository

Ontology

retrieveOntology(ldenti er identi er)

Returns a Ontology object corre-
sponding to the identi er from the repos-
itory

Sek Ontology>

retrieveAllOntologys()
Returns a set of all Ontology objects
from the repository

Se Ontology>

retrieveOntologys(Namespace namespace)
Returns a set of all Ontology objects
from the repository

void

storeOntology(Ontology ontology)
Save a Ontology to the repository
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Table A.5: Non WMSMO Resource Manager Interface

Method Summary

Se Context>

getContexts()

Get all contexts in the repos-
itory. Contexts are used to identify
instances of execution semantics.

Sek Messageld

getMessagelds(Context context)
Get all message identi ers for
a speci ¢ context.

Map < Context, Set< Messageld>

getMessagelds(Set< Object> searchTerms,
boolean conjunctive)

Gets a map of contexts to
sets of message ids where the mg
matches the searchterms joined us
ing the conjunctive in the input pa-
rameters

P

Set<MessagelD

getMessagelds(Context contex

Sek Object> searchTerms, boolean conjun¢

tive)

Gets a set of Messageld
for messages in the specied cor
text where the set matches the
searchterms joined using the con
junctive in the input parameters

[

[

void

saveMessage(Context Context, Messags
messageld, String message)

Save a message received
being sent from WSMX. The mes-
sageld is generated by the executio
semantics.

=)

Map< Messageld, String

load(Context context)

Gets a map of messagelds t
the associated messages (as string
corresponding to the speci ed con
text

@]

s)

String

load(Context context, Messageld message
Gets the string content of the

message corresponding to the speci

ed context and the messageld

Map< Context, Map< Messageld, String>

loadAll()
Get a map containing all mes-
sagelds and the corresponding me

U7
1

sage strings for the speci ed context
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Table A.6: WSDL Resource Manager Interface

Method Summary
void | registerWSDL(WebService webService, WS-
DLDocument wsdiDocument)
Register a WebService with an
associated WSDL document
WSDLDocument| getWSDL(WebService webService)
Get the WSDL document for
the speci ed Webservice
void | deregisterWSDL(WebService webService)
Deregister the WSDL docu-
ment from the speci ed WebService
Table A.7: Service Discovery Interface

Method Summary

List < WebService

discover(Goal goal)
Calls discovery providing a

goal and expects result as a (possi

bly empty) list of WebServices

Table

A.8: Selection Interface

Method Summary

WebSer-| select(Lisk WebService webServices)

vice

tion that best ts the speci ed Goal
description

Select the Web service descrip

Table A.9: Negotiation Interface

Method Summary

List< WebService

Preferences preferences)

to nd Web services that can deliver
a speci ¢ product or service

select(Collectior WebService services,

Negottiate with Web services
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Table A.10: Data Mediator Interface

Method Summary

Map< Entity,
List< Entity>>

mediateData(Ontology sourceOntology, On
tology targetOntology, Set Entity> data
Transforms a set of source on

tology instances into instances of the

target ontology.

List< Entity>

mediate(Ontology sourceOntology, Ontolog
targetOntology, Entity data)

Transforms a give source on
tology instance into instances of the
target ontology.

<
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Table A.11:

Process Mediator Interface

Method Summary

Map<< ldenti er>,
List< Entity>>

generate(ldenti er sourceOntology, Identi e
targetOntology, Set Entity> data, int invo-
cationDirection)

Generates a map containing
the identi er of the transition rule
in the source or target choreopgt
raphy instance that should receive
the next message along with a list
of entities that go to make up that
message. The input is the identi-
ers of the source and target on-
tologies, the entities available for the
message, and the the direction of
the message (source-target or targe
source). This method has not been
implemented in the current Process
Mediator.

Map<< Ildenti er>,
List< Entity>>

generate(Ontology sourceOntology, Onto|
ogy targetOntology, Set Entity> data, int
invocationDirection)

Generates a map containing
the identi er of the transition rule
in the source or target choreopgrat
phy instance that should receive the
next message along with a list of en
tities that go to make up that mes-
sage. The dierence in inputs, with
the method above, is the provision
of full ontologies rather than iden-
tiers. This method has not been
implemented in the current Process
Mediator.

Map<< Identi er>,
List< Entity>>

generate(Choreography  sourceChoreogra-

phy, Choreography targetChoreograph
Sek Entity> data, int invocationDirection)

Generates a map containing
the identi er of the transition rule
in the source or target choreopgrar
phy instance that should receive the
next message along with a list of en
tities that go to make up that mes-
sage. The dierence in inputs is the
use of the choreography descriptions.
This method has been implemented
in the current Process Mediator.

<
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Table A.12: Invoker Interface

Method Summary

void

invoke(WebService service, List<Entity> data,

EndpointGrounding grounding

Invoke the Web service using
the list of entities as the data to
be passed to the service, and th
grounding as an object describing
the endpoint on which the invoca-
tion should be made.

D

Table A.13: Receiver Interface

Method Summary

Context

receive(WSMLDocument wsmlMessag
Context context)

Receive a WSML message cor
responding to a particular conversa
tion context if one exists. If this is
the rst message in a conversation
the context is created by WSMX and
returned to the WSMX client. Oth-
erwise the value of the returned cont
text is the same as the value of the
context passed as an input parame
ter.

o
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Table A.14: Choreography Engine Interface

Method Summary

void

registerChoreography(Goal goal)

When a goal is received, the

choreography instance of the re
guestor needs to be registered

void

registerChoreography(WebService webSgr-

vice)

When a WS that satisfy a cer-
tain goal is discovered, an instancg
of its choreography needs to be reg
istered.

void

updateState(URI origin, Identiable mest

sage)

Attempt to update the inter-
nal state of the choreography enging
and determine if the received mes
sage from a given origin results in
a valid next state. If it doesn't, this
method throws a subclass of Compag
nentException that carries more in-
formation why the resulting state is
not a valid one ie if we expect to get
credit card data from the client next
but receive location information in-
stead.

D
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Table A.15: Parser Interface

Method Summary

Sek |denti able>

parse(WSMLDocument wsmlDocument)
Parse the received WSML into
corresponding WSMO4j objects.
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Table A.16: Reasoner Interface

Method Summary

Sek Instance

getAllinstance(Concept concept, IRl onto
ogy)

Retrieves all the instances of

a concept.
Sek Concept getAllSubconcepts(Concept concept, IRl on-
tology)
Retrieves all the sub-concepts
of a concept.
Sek Concept getAllSuperconcepts(Concept concept, IRI
ontology)
Retrieves all the super-
concepts of a concept.
boolean isInstanceOf(Instance instance, Concept cgn-
cept, IRI ontology)
Check if an instance is the in-
stance of a certain concept.
void register(Ontology ontology)
Registers an ontology to the
reasoner.
void register(Sek Ontology> ontologies)
Registers a set of ontologies to
the reasoner.
void deRegister(IRI ontology)
Removes an ontology from the
knowledge base.
void deRegister(Set IRI> ontologies)
Removes a set of ontologies
from the knowledge base.
boolean subsumes(Concept superConcept, Concept
subConcept, IRI ontology)
Checks if a certain concept is
a super-concept of another concept
in a given ontology.
Sek Map< Variable, | executeQuery(LogicalExpression query, IRI
Term>> ontology)
Executes a logical expression
query in given ontology.
boolean executeGroundQuery(LogicalExpression

query, IRI ontology)
Executes a true/false ground

expression query in a given ontology.
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Table A.17: Reasoner Interface Continued

Method Summary

boolean entails(IRI ontology,
Sek LogicalExpression expressions)

Checks if a set of given logical
expression are logically entailed by
the ontology identi ed by the IRI.

boolean entails(IRl ontology, LogicalExpression eix-
pression)

Checks if a given logical exi
pression is logically entailed by the
ontology identi ed by IRI.

boolean isSatis able(IRI ontology)

Checks if an ontology is satis?

able.
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