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Summary

This deliverable describes the �rst version of the DIP architecture. The goal of the
architecture is to provide a high-level overview of the necessarysystem components
and their interactions. Each component is describedto the level of detail that is needed
to understand its function in the architecture. For more detailed descriptionsof the
components the readeris referredto the respective component deliverables.Then the
important interactions, i.e., work
o ws, to support typical scenariosin the processingof
semantic webservicesaredescribed. The descriptionusesthe external interfacesof the
components which are standardizedin the DIP API (deliverable6.3). The goalof this
deliverable is to provide understandingof the internal processesof DIP and support
developers in providing components that can interoperate with other components in
DIP. Additionally , userscan get a high-level overview of the internal processingand
thus get a better understandingof the system.

The contribution of this deliverableis to provide the basicdescriptionand the basic
framework of the open web servicesarchitecture which is oneof the three main goals
of the DIP project. This is a key issueto enableinteroperability. Thus this deliverable
is relevant to all technical work packagesin DIP (WP1{WP5). In conjunction with
deliverable6.3, this deliverableprovides the interoperability guidelinesfor all compo-
nents developed in DIP. The target audienceare component providers, users,and any
personinside or outsideof DIP interestedin learning about the internal processingof
the DIP infrastructure.

Disclaimer: The DIP Consortium is proprietary. There is no warranty for the accuracy
or completenessof the information, text, graphics,links or other itemscontained within
this material. This document represents the commonview of the consortiumand does
not necessarilyre
ect the view of the individual partners.
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1 Intr oduction

This deliverable describes the �rst version of the DIP architecture. The goal of the
architecture is to provide a high-level overview of the necessarysystem components
and their interactions, to provide understandingof the internal processesof DIP, and
to support developersin providing components that can interoperatewith DIP and its
components. Additionally , userscangeta high-level overviewof the internal processing
and thusget a better understandingof the system. The contribution of this deliverable
is to provide the basic description and the basic framework of the open web services
architecture which is one of the three main goalsof the DIP project. This is a key
issueto enableinteroperability. Thus this deliverableis relevant to all technical work
packagesin DIP (WP1{WP5). In conjunction with deliverable 6.3, this deliverable
provides the interoperability guidelines for all components developed in DIP. The
target audienceare component providers, users,and any person inside or outside of
DIP interestedin learning about the internal processingof the DIP infrastructure.

The deliverableis structured asfollows: We start with an overview of the architec-
ture by presenting a bird's eye view on the system. We discussthe basic roles, their
functions, and high-level relationships. Additionally , we relate the DIP architecture
to the standard \triangle model" of traditional web servicearchitectures to exemplify
the commonalitiesand di�erences. This is followedby a presentation of the basicideas
underlying the architecture (rationale) to make our designdecisionsunderstandable
to the reader.

Having set the initial frame, we then give more in-depth presentations of the com-
ponents in the architecture. Each component is described to the level of detail that is
neededto understandits function in the architecture. For moredetaileddescriptionsof
the components the readeris referredto the respective component deliverables.Based
on thesedescriptionswe then describe the important interactions, i.e., work
o ws, to
support typical scenariosin the processingof semantic web services.The description
usesthe external interfacesof the components which are standardizedin the DIP API
(deliverable 6.3). In the �nal section we then present a condenseddiscussionof our
�ndings and present our conclusions.

1
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2 Ar chitecture Over view

2.1 WebServicesvs. Semantic WebServices

The \triangle" architecture as shown in Figure 2.1 has becomethe widely accepted
architectural standard for conventional web services.
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�
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Figure 2.1: The triangle architecture for web services

Providers publish their available web servicesin a registry (typically UDDI). Re-
questerscan connect to a registry and query it for web service descriptions. If a
desiredserviceis found, the requestercan implement code which matches the pub-
lishedinterfacesof the service,connectto the provider and invokethe service.All these
interactions are basedpurely on syntactic properties and do not involve semantics at
all.

Though this architecture servesmany application scenarios,it has shown a num-
ber of shortcomings. In this \old" architecture a requesterhas to know registries,
contact them individually and query them until it would �nd a service that would
match its request. Queriesare constrainedto \syntactic" queriesand exact matches.
The registries do not o�er semantic descriptionsand semantic query functionalities.
Thus discovery of appropriate servicesis merely basedon the \semantics" inferred
from proper naming conventions and is a cumbersometask which requires human
intervention and knowledge.

DIP intends to extend this standard \triangle" architecture of web services(re-
quester,provider, registry) with semantics (ontologies,tools for description, semantic
discovery, composition, and mediation, etc.) and extend it where appropriate or re-
quired. By basing the DIP architecture on the old architecture we also try to insure
the largestpossibledegreeof backward compatibilit y, sothat, webservicesand seman-
tic web servicescan co-existon top of the sameinfrastructure and we also support a
gradual evolution from web servicesinto semantic web services.

Figure 2.2providesa high-level view of the DIP architecture in termsof the involved
parties and their communication relationships.

Naturally requester,provider, and registry are still in the picture as DIP is in-
tended to be a superset of the existing web servicesarchitecture. To denote them as
the \old" components they are shown in light-blue (light-gray) along with the \old"
communication relationships in the samecolor. Also only the \new" interactions are
labeled as the other onesare the sameas in Figure 2.1. To denote that \semantics"
is the common underlying enhancement a light-gray semantics box is shown in the
background of the �gure.

2
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Figure 2.2: DIP architecture for semantic web service: the big picture

It is important to note, that, though thesecomponents are \old", their internal ar-
chitecture and functionality may bequite di�eren t from the current (again,a superset).
This meansthat in the \new" architecture the components may be enhancedwith se-
mantic capabilities basedon WSMO/WSML. The new components are discovery and
mediation along with semantic descriptionsof web servicesgiven in WSMO/WSML.
The external communication is still compatible with the existing protocolsas long as
requesterand provider usetraditional web services.However, if the requesterinvokes
a semantic web servicethen additional processinghas to happen which is indicated
by the additional dark-blue (dark-gray) arrow betweenrequesterand provider and the
additional dark-blue (dark-gray) components attached to requesterand the provider.

We addedthe discovery component for several reasons.The simplest one is com-
patibilit y with the old architecture and re-useof existing UDDI registries. The more
strategic one is that we wanted to have a cleanseparationof data (registry) and pro-
cessing(discovery) to keep the discovery process
exible. In a world-wide network
with a very high number of players it is essential that the discovery processscales
and meetsthe speci�c requirements of di�eren t user groups. Thus tailored discovery
strategiesare likely to surfaceas well as we did not want to exclude new technolo-
gies. This separationof concernsenablesus, for example,to use,standard discovery
technologies,agent-basedtechnologies,or peer-to-peer-basedtechnologiesat the same
time, depending which onewill meet user requirements best. The sameholds true, if
new technologiesand advancesin the domainsof semantics and reasoningshould be
included. The discovery serviceagain may be o�ered as a semantic web service.

In contrast to the old architecture the discovery of DIP will improve the situation
in several ways. It will support discovery which is (1) semantic, (2) goal-oriented, and
(3) distributed. Phraseddi�eren tly, the requestercan de�ne (semantic) capabilities
and attributes of the servicesit is interestedin (the goal) and the discovery component
will then start a distributed discovery processinvolving a possibly very large set of
registries to �nd matching services(where match is to be seenrather broad since it
may involve reasoning,etc.).

If no \exact" matches (in the semantic sense)can be found, mediation can be
exploited to addressthis, which was the motivation for the secondnew component.

3
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Basically the task of the mediation component is to mediate between the needsof
a component (e.g., the requester)and the o�ered functionalities of the provider on
di�eren t levels(data, process,protocol). This functionality canagaininvolvediscovery
and may again be o�ered as a (semantic) web service.

Sincediscovery and mediation are new components we will provide more detailed
descriptionsin the following sections.

In the courseof introducing semantic web serviceswe envision three levelsof func-
tionalit y:

Non-seman tic level: The standard functionality with the \old" components, \old"
communication relationshipsand \old" protocols.

Basic semantic level: The samecomponents but already enhancedwith semantics,
i.e., the registry already storessemantic descriptionsof the web services,a re-
questercan already discover web servicesbasedon their semantic description,
etc. WSMO/WSML are the underlying languagestandards.

Full semantic level: The fully-
edged architecture with mediationandsophisticated
goal-oriented discovery. WSMO/WSML are the underlying languagestandards.

2.2 Discovery

Discovery in DIP is developed as part of WSMO: WSMO Web Service Discovery [3]
de�nes the methodological framework and WSMO Discovery Engine [2] describesdis-
covery in a more implementation-oriented view. As we are early in the project, not
all parameterscould be �xed yet. Thus the following descriptionsgive an overview of
discovery but are subject to changeto adjust to the �nal versionof discovery in DIP.

In DIP semantic Web service discovery is basedon the concepts introduced in
[7]: An abstract service is a set of concreteservicesand is speci�ed by a machine-
processableabstract servicedescription. As the name suggests,one can think of an
abstract serviceas a suitable abstraction of a set of concreteservicesinstancesthat
sharea well-de�ned set of characteristicsexpressedin the abstract servicedescription.
For example,theremight bean abstract servicethat describesan exchangerate service.
Oneof its concreteservicesmay computethe exchangerate betweenSwissFrancsand
Euros. Note that there might be more than oneabstract servicethat has the sameor
least similar characteristics,but the way how servicerequestersneedto interact with
them may di�er. This interaction pattern is part of a contract between the service
requesterand the serviceprovider and constitutes the mutual (implicit or explicit)
agreement of what the servicedoesand may include, amongother things, legal terms
and conditions,and compensationmethods in caseof failuresduring serviceexecution.

These observations lead to the idea to abandon concrete service discovery and
limit the core discovery processto abstract servicediscovery. Choosing a particular
concreteservicerequiresa separateselectionstepthat may alsoinvolvea sophisticated
negotiation process.The abstract servicediscovery processis basedon the concepts
of goals and capabilities [8]: Service requestersuse a goal to specify their service
requirements whereasservice providers describe their servicesthrough capabilities.
Thesegoals and capabilities will be expressedusing a formal language,presumably
WSML [5].

4
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To �nd a set of matching abstract services,a servicerequestersendsa query to
the discovery component that contains his/her goal in WSML including a referenceto
the ontology that contains the conceptsusedin the goal. Goalsmay contain concrete
instancevalues,e.g.,the requestermay askfor the exchangerate from SwissFrancsto
Eurosbut the ontology may help the discovery component to abstract this to European
currenciesor may evendrop this information and infers that the abstract goal is to �nd
servicesthat canreturn exchangeratesfor currencies.1 The result of the corediscovery
step will be a set of WSMO servicedescriptionsrepresenting acceptableserviceseach
taggedwith a \matching score" similar to thosede�ned in [6].

A selection step will then need to be performed to choose the \b est" abstract
service from the result set. Once the \b est" has been found, the servicerequester
may then perform a negotiation with the serviceprovider to agreeon a contract, and
thus, on a concrete service it will eventually execute.2 To �nd this \b est" service
one can apply di�eren t techniques ranging from simple hard-wired selectioncriteria
(e.g., \alw ays the �rst"), to quantifying functional, non-functional preferencesor even
human interaction. Thus,wedo not considerthe selectionstepaspart of the discovery
component but rather seeit handled by a sub-component that resideson the service
requesterside.

2.3 Registry

In principle, there are two approaches towards implementing a registry for semantic
web services. On the one hand, one could take UDDI, the registry standard used
by traditional web services,as a basisand extend it with semantic descriptions. On
the other hand, one could base the registry on an ontology repository, as WSMO
provides a homogeneousframework for the (semantic) description of semantic web
services.DIP will start by following the latter approach, asit is closerto the philosophy
underlying WSMO. Using an ontology repository as the basisof the registry allows to
fully leveragethe potential of semantic descriptions.For onething, servicedescriptions
canbeeasilycombined with the domainmodel, sinceboth usethe samerepresentation
language. Moreover, inferenceenginescan be integrated into the repository to check
consistencyand derive additional information from the available data. Finally, a
genericquery languagefor WSML and/or RDF can be usedfor querying the registry.
The architecture will be designed
exible enough,however, to also support a UDDI-
style registry. Whether such a registry will be actually implemented in DIP will
be decidedduring the secondproject year. On the one hand, experienceswith the
registry basedon an ontology repository will be evaluated. In addition, development
in UDDI will be closelymonitored. There is somediscussionon a \Semantic UDDI",
e.g. by adding an \rdfBag" to UDDI, in the OASIS Technical Committee responsible

1We deliberately leave this fairly vague as we can envision di�eren t approaches, algorithms and
reasoningtechniques for matchmaking and expect servicediscovery to be one of the active research
areasduring the courseof the project. We do assume,though, that any match found will ful�ll those
criteria that the requesterconsidersessential.

2In the most simple case,invoking a concreteservicewill implicitly determine the contract.

5
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for UDDI. Finally, requirements arising in the use casesmay call for a UDDI-based
registry.

2.3.1 Publishing

2.3.1.1 Requiremen ts for Publishing

In the context of (semantic) web services,the generalidea of publishing a serviceis
to collect all information neededor useful for its usageand management. As the fun-
damental idea of service-oriented architectures is that servicesare entirely de�ned by
their interfacesand the contracts they o�er, theseare the minimally requiredpiecesof
information which have to be provided whenpublishing a service.For traditional web
services,the interface is published via WSDL and additional information regarding
servicecontracts is provided via freetext or by usingproprietary setsof attributes. In
WSMO, the conceptwebservicehasseveral propertiesenablingthe formal representa-
tion of this information. For onething, theseare non-functional coreproperties based
on the Dublin Core Metadata Standard, which can be used to describe all WSMO
elements. Moreover, the concept web servicehas speci�c non-functional properties,
such as \accuracy", \�nancial", \net workRelatedQoS", \p erformance", \reliabilit y",
\robustness", \scalabilit y", \security", \transactional" and trust. See[8] for details.
It is expected that in addition to these non-functional properties there will be also
application-speci�c properties and thereforeWSMO envisagesextensionsof the basic
model of non-functional properties. Finally, a web servicein WSMO has the prop-
erty \capabilit y" which enablesthe speci�cation of preconditions,assumptions,post
conditions, and e�ects. Theseproperties are particularly relevant for discovery and
composition of services.In general,the decisionon which information to include when
publishing a serviceshould be basedon the various usecasescenariosin which this
information is to be used. The most important usecasesare the following:

� Discovery of services

� (Semi-)automatic composition of services

� Monitoring of services

� Tracking, auditing, reporting

The most obvious useof published information is discovery of services. This com-
prisestwo slightly distinct though related aspects. On the one hand, it involves the
search for available services;on the other hand, it involves the detailed veri�cation
whether a found serviceexactly matchesthe requirements. Whereasthe initial search
might be basedon rather genericcriteria, the secondstep usually takes into account
speci�c aspectsof a contract o�ered by a service.

A related but more complex usecaseis the (semi-)automatic composition of ser-
vices. Here the focus is on the automatic evaluation of information available on ser-
vices. Whereas\manual" discovery is feasibleon the basisof free text information,
standardizedand structured formats areneededto make automatic processionof pub-
lished information possible.
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Whereasthe �rst two usecasesfocus on the phasebefore serviceinvocation, in-
formation on servicesis alsousefulduring serviceexecutionor after serviceexecution.
When monitoring service execution, information about servicescan be usedto �lter
and selectdata. Thus monitoring can be restricted to serviceshaving certain proper-
ties.

Similarly, tracking,auditing, and reporting, which in generaloccursretrospectively,
i.e., after serviceshavebeenexecuted,canuseinformation about services.An example
would be the comparisonof actual executiontimes with quality of serviceguarantees.
The latter would be part of the published contract and accessiblevia the registry,
the former would be data stored in a database logging information about service
executions.

It shouldbeobviousthat the choiceof information to beincludedwhenpublishinga
serviceultimately dependson the speci�c application scenario.The publishing process
thus hasto provide a genericframework that can be adaptedaccordingto the speci�c
needsof individual applications.

2.3.1.2 Information Relev ant for Publishing

When publishing a (semantic) web service, three types of information have to be
speci�ed:

� Service In terface : in the caseof traditional web servicesthis will be a WSDL
�le, in the caseof semantic web servicesit could alsobe a WSMO de�nition.

� Metadata : in the caseof traditional web servicesthis will be free text, in the
caseof semantic web servicesit will be a formal description basedon WSMO or
Semantic Web formalismssuch as RDF or OWL.

� Registry : in the caseof traditional web servicesthis will be the addressof a
UDDI registry, in the caseof semantic web servicesit could alsobe a WSML or
RDF store.

As speci�ed in detail in D4.2, the DIP publishing servicewill publish WSMO-type
semantic webservicesto a UDDI registry. However, in addition to this functionality the
publishing servicewill alsosupport di�eren t modesof publishing. The main rationale
for this is to enable the usageof parts of the functionality provided by semantic
web services- even in a setting where no full usageof WSMO is envisaged. As an
example,considerthe scenarioin which metadata are to be usedpurely in monitoring
of traditional WSDL-style web services.

The following will brie
y describe the information provided in publishing in more
detail. In doing so, di�eren t alternatives are presented, ranging from full WSMO
support to scenarioslimited to semantically annotated WSDL �les.
Service In terface

For traditional web services,serviceinterfacesare speci�ed by using WSDL (Web
ServicesDescription Language). In WSMO, a web serviceis a complexconceptwhich
hasproperties such as \nonFunctionalProperties", \capabilit y" and \in terfaces". The
concept \in terface", in turn, has properties such as \choreography" and \orchestra-
tion". In both cases,the publishing servicewill requirea URL pointing to the location
of either the WSDL �le describingthe serviceinterfaceor of the WSMO �le containing
the servicede�nition.
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Metadata
The metadatadescribesnon-functional propertiesof the service. In the full-
edged

WSMO approach, metadata will be part of the WSMO �le describing the service.
However, if the service interface is described via plain WSDL, metadata has to be
speci�ed separately. Even when using WSMO it might make senseto add additional
metadata in publishing, which is not part of the WSMO-de�nition of the service.

In order to make the alternative to the WSMO-basedpublishing as lightweight as
possible,a simpleRDF-basedapproach will be supported. Thus, metadata associated
with a servicein publishing can be speci�ed as a list of RDF statements.
Registry

For traditional web services,UDDI is used as a registry. The DIP publishing
processwill alsosupport an UDDI registry as speci�ed in detail in D4.2. In addition,
it will also be possible to store metadata speci�ed in the publishing processin an
RDF store. The basic idea here is to useexisting RDF functionality in implementing
prototypesfor discovery and monitoring.

2.3.1.3 Publishing Service GUI

On top of the Publishing Servicewhich is accessiblethrough a webserviceAPI speci�ed
in WSDL, it will also be possibleto manually publish servicesthrough a publishing
GUI. The GUI will support the manual speci�cation of metadata by listing properties
for which valuescan be speci�ed.

In order to know which property valuesare to be collected,the GUI needsto know
the ontologies to be usedfor semantic annotation. In addition to WSMO, thesecan
be application speci�c extensions.The GUI will enableusersto specify the ontologies
to be usedduring publishing and provides �elds to �ll in property valuesaccordingly.

2.4 Mediation

Mediation is neededwhenever two components cannot communicate directly but need
to interact. The reasonsfor components not being able to communicate can either
be the usageof syntactically di�eren t data formats as well as semantically di�eren t
ontologies to describe the data or the usageof di�eren t choreographies. Therefore,
mediation is necessaryon two levels in the DIP architecture: the data- and the pro-
cess/protocol level. Data mediation is concernedwith mediation on the data level,
involving both syntactical and semantic di�erences, whereasprocess/protocol medi-
ation is concernedwith mediation of di�eren t interaction protocols. Note that these
two levels of mediation can be performedindependent of each other.

From an architectural viewpoint, data mediation canbeseenasan isolatedproblem
that canbeperformedby a component external to the requesterand the provider com-
ponent. In contrast to that, process/protocol mediation needsto dealwith interaction
patterns that are tightly coupledto the requesterand the provider and thus, can only
be handled inside the infrastructure deployed at the requesterand provider side. Be-
sidesthe functional separationinto data and process/protocol mediation, the overall
mediation processcan alsobe separatedtemporally into a design-timeand a runtime
step. During the design-timephasenecessarytransformations betweendi�eren t on-
tologiesor choreographiesare createdwith usersupport. The createdtransformations
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will be stored into a repository for execution during runtime. During runtime the
transformations stored in the repository will be executedin order to solve data or
process/protocol mismatches.
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3 Rationale of the ar chitecture

In the designof the architecture we followed a set of basicdesignprinciples which we
overviewbelow. Understandingthe rationale behind the architecture will clarify design
decisionsand support the reader in understandingthe architecture and its goals.

Comp onents are self-con tained. Making the components self-contained supports
a clear separation of concerns. Each component has a well-de�ned functionality that
other components canuseand it doesnot dependon other components in the �rst place
to ful�ll this function. For example, the mediation component can mediate between
incompatible servicesand can do sowithout having to useany other component given
it has enough information to perform its task. Of course,this does not mean that
components do not cooperate. For example,if the mediation component would need
further servicesto perform its task, it certainly would cooperate with the discovery
component to �nd them. Yet, it doesnot dependon discovery to ful�ll its central task
which is to mediate.

Standardization of external behavior. As for any distributed architecture, the
goalof the DIP architecture is to standardizethe external interface and behavior of the
components, so that any component conforming to thesespeci�cations can be used.
This enablesthird-part y software vendorsto supply components, it is prerequisitefor
standardization, and it facilitates conformancetesting. The internal architecture and
implementation of a component is usually not consideredin standardization.

Expressiv e data formats. Having a standardizedAPI for the components supports
interoperability. To push the 
exibilit y of cooperations even further, we have decided
to add expressive data formats, i.e., languagesthat are processedat runtime, for
example, WSMO and WSML. This allows us to keep the APIs rather simple and
compact while the expressive power and 
exibilit y of WSMO and other data formats
provide a declarative way of expressingall relevant processingsteps,parameters,and
application requirements. This meansthat the DIP architecture is data centric.

Functionalit y is pro vided via (seman tic) web services. A key designprinciple
in DIP is that each available functionality shouldbeo�ered asa (semantic) webservice
aswell thusunifying the overall designandapply identical paradigmsat di�eren t levels.
This appliesto both static and dynamiccooperations. For example,the interfaceof the
mediation component will be a web service. If the mediation component now creates
a certain mediator that others may want to reuse,it could provide this functionality
as a stand-aloneweb service.
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4 Components

4.1 Overview

To work with semantic web servicesa node (requester,provider, etc.) needsto install
a component infrastructure. Figure 4.1 shows the internal architecture of a singleDIP
node.
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Figure 4.1: Requester/provider architecture

The components will be described in detail below and possibleinteractions will
be presented in terms of UML interaction diagrams. However, a brief introductory
tour will simplify understanding the architecture. All (incoming/outgoing) network
communication is donethrough the communication manager.We assumethat the line
format is SOAP as it is the current standard. DIP SOAP messagesin fact typically
should carry WSML content. If a di�eren t format has to be usedfor backward com-
patibilit y, e.g., ebXML, a messageadapter converts back and forth to/from WSML.
In the following descriptionswe assumethat the standard messageexchangeformat
is WSML and we do not consideranything below this abstraction layer.

Beforean incomingmessagecanhit any component after having beenhandedto the
communication manager,it is provided to the QoScomponent. The QoScomponent
provides a simple framework into which all kinds of specializedQoS subcomponent
can be pluggedin. Thosecan ensurefunctional and non-functional typesof QoS.For
example,we seesecurity as a typical subcomponent. It can check messageintegrity,
authenticit y, accessrights and return its resultsto the communication managervia the
QoS component. If the communication manageragrees,then a messagenot meeting
certain QoSrequirements can be abandoned(this dependson the local con�guration
and userpreferences).If the messageis OK, then it will be registeredwith the event
managerfor further processing(WSML format).

The event manageris the internal communication backbone of a node. The com-
munication paradigm is event-based,i.e., components subscribe to the event manager
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and canissueevents. For example,if discovery would beneededa component canraise
an event equippedwith the necessarydata, the discovery component would benoti�ed,
processthe event and again return the result in an event which the original requester
would be noti�ed upon. The advantagesof this event-basedcommunication are: (1)
Receivers and event generatorsare highly decoupledwhich allows to dynamically re-
con�gure the system(start and stop components at runtime) (2) multiple components
can react to events (parallelization, multicast) and (3) events are a natural paradigm
for work
o ws. To guide and coordinate the whole processwe have included a special
component, the executionmanager.

The functionalities of the other components are straight-forward: the validator
checks syntactic correctnessof WSML documents, discovery is the interface to DIP's
discovery service,mediation is the interfaceto DIP's mediation, in caseit is required,
and the matchmaker is in chargeto decidewhich candidateservicesmatch the require-
ments and userpreferencesin order to selecta concreteserviceto be called.

As a result of processingincoming requests,outgoing messagescan be generated
which follow the sameprocessingpaths as incoming ones.

Figure 4.1de�nes the basicprocessingcomponents. Yet, a number of \supporting"
components areneededfor maintenance,management, con�guration, etc., for example,
an editor for producing semantic web servicesde�nitions asgiven in Figure 4.1. Such
supporting components communicate with the architecture as given in Figure 4.1 in
the sameway as other nodes, i.e., via WSML messages.Thus we have a uniform
interfaceand a 
exible way to add new supporting components.

The other parties of the overall DIP architecture as shown in Figure 2.2 may
have a completely di�eren t architecture, for example, the registry or the discovery
components, which however, is irrelevant as long as they obey the required APIs.

4.2 Con�gurations

Figure 4.1 shows a completesetup. However, not all components needto be present if
their functionality is not neededin certain application scenarios.For example,if the
set of semantic web servicesa node is allowed to communicate with is �xed, e.g.,due
to contracts, no discovery will be needed.Sincewe usedevent-basedcommunication
this meansthat no discovery component needsto be running. Thus, dependingon the
requirements, \ligh t-weight" con�gurations can be usedand deployed. The minimum
con�guration would include communication manager(CM), event manager,execution
manager(EM), and matchmaker (MM). This con�guration canbeextendedasneeded,
for example:

1. Minimum con�guration: communication manager(CM), event manager,execu-
tion manager(EM), and matchmaker (MM)

2. (1) + QoS

3. (1) + messageadapter (MA)

4. (2) + MA

5. (4) + validator (V)

6. etc.
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4.3 WSMX/DIP ArchitectureEntry Points

Four mandatory entry points must be available in each instance of a WSMX/DIP
system. WSMX is an implementation of the here proposedarchitecture. They also
de�ne the required functionality of a WSMX/DIP compliant system. By selectinga
given entry point the prede�ned executionsemantics of a given set of components is
triggered. Execution semantics is the formal de�nition of the operational behavior of
the systemand it describesin a formal languagehow the systembehaves. Thesefour
obligatory entry points enabling the executionof any of the four available execution
semantics are:

realiseGoal(Goal, OntologyInstance):Confirmation

Any external entit y, which expects to get its goal realized without back and
forth interactions (communication) with the WSMX/DIP system, might wish
to provide a formal description of a goal (in WSMO terms) and instance of
an ontology. This quite simpli�ed scenarioassumesthat the servicerequester
knows even before servicediscovery all the data, which might be required by
the serviceprovider. WSMX/DIP selectsand executesa serviceon behalf of
the servicerequester. The servicerequestermight receive a �nal con�rmation
but this step is not obligatory (many entities which might wish their goalsto be
realizedby WSMX/DIP systemmight not have permanent addressing,so there
is no possibility to make an asynchronouscall back to them returning the �nal
result of the serviceinvocation).

receiveGoal(Goal):WebService[]

The ReceiveGoal entry point addressesa more realistic scenario, if a service
requestermight wish to consult WSMX to learn about serviceswhich satisfy its
goal. In this asynchronouscall, the servicerequesterprovidesa goaland expects
to get back a set of services.

receiveMessage(OntologyInstance, WebServiceID, ChoreographyID):Confirmation

Once the servicerequesterknows the servicewhich he wants to use, he must
carry a back and forth conversationwith the WSMX/DIP systemto provide all
the necessarydata and to make the executionof this servicefeasible.By giving
fragments of ontology instances(e.g.,businessdocuments such ascatalogueitems
or purchaseordersin a given ontology) and a referenceto a serviceand a chore-
ography (only if a choreography hasbeeninstantiated already), which shouldbe
used,it provides all data required by the serviceof the serviceprovider.

storeEntity(WSMOEntity):Confirmation

The storeentit y entry points providesan administration interfacefor the system
enablingto storeany WSMO related entities (such asservices,goals,ontologies)
and making them available for other parties using WSMX/DIP system.
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Additionally to these four entry points, we assumethat WSMX/DIP provides
an engineto support dynamic execution semantics enabling execution of any formal
description of system behavior. In this way we can also de�ne additional and not
required by any implementation, functionality of the system.

Four entry points described in this section are fundamental to describe sequence
diagrams, which we will presented in Chapter 5 (at this stage we have focusedon
providing sequencediagrams for the secondand third option, as well as we have
started already to work on addressingthe �rst option as well).

4.4 CommunicationManager

The communication manager(CM) is responsible for sendingand receiving WSML
messagesto/from entities external to DIP or adaptersrepresenting such external en-
tities. In this context, the term entit y meansany external systemacting as a service
requesteraswell asservicesthat can be invoked by DIP. Adapters are expectedto be
usedwhere the external entit y cannot directly support communication using WSML
messagesand translation to another data representation is required. Translation from
WSML to another data representation is often referred to as \lo wering" while trans-
lation from another data representation to WSML is often referred to as \lifting".
The two central functionalities of the communication manager- sendingand receiving
messages- are described in the following.

4.4.1 Sending Messages from DIP/WSMX

The communication managerprovides an interface to receive the WSMO description
of the serviceto be invoked along with data to be sent in the messageto the service.
The data must consistof instancesof conceptsdescribed in the ontology usedby the
service. Both the servicedescription and data will be represented in WSML. The
CM interprets the interfacepart of the WSMO servicedescription to determinewhich
binding is necessaryto invoke the serviceor an adapter representing the servicewhere
one is required.

4.4.2 Receiving Messages in to DIP/WSMX

The communication managerprovidesan interfaceto externalentities to acceptWSML
messages. The WSML messagesmay represent a goal to be achieved by another
DIP/WSMX instanceor be a messagecorresponding to a choreography or orchestra-
tion instancethat already exists. From the perspective of the CM, the distinction is
irrelevant. The CM acceptsthe message,handling any transport and security protocols
usedby the sendingadapter.

4.4.3 Grounding

DIP extendswebservicetechnologyby usingsemantic servicedescriptions.However, it
must be possiblefor DIP to interact with existing webservices,describedwith WSDL.
To make this possiblea semantic web servicedescription for the serviceis createdin
WSMO. The choreography section of the WSMO description describes the interface
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to the serviceincluding the conceptsthe serviceexpectsas inputs and outputs. When
the service is invoked these WSMO instancesof concepts, represented in WSML,
needto be translated to and from the corresponding data structures speci�ed in the
XML types of the WSDL document for the service. This grounding takes place in
the adapter framework at the boundary of the DIP architecture and is a syntactic
translation from WSML to the XML typesde�ned in the WSDL document. Adapters
enablesystemsthat do not represent data using WSML to interact with DIP. The
mappingsrequired for grounding needto be in both directions. Data sent from a web
servicecorresponding to the XML schemaof a WSDL document must be \lifted" to
the corresponding WSML expectedby DIP. Equally, data sent from DIP represented
in WSML must be \lo wered" to the corresponding XML schema types described in
the WSDL document.

4.5 QoSManager

The QoS managerhandlesenvelopesof SOAP or SOAP-compliant messagessuch as
security or reliabilit y extensions. Incoming messagesare forwarded by the commu-
nication managerand have to be checked against the QoS guidelinesspecifying the
required and acceptablelevels of QoS. If all constraints are ful�lled the messageex-
cluding envelopesis returned to the communication manager,otherwisea noti�cation
is returned. The communication manager usesthe QoS manager before sending a
messageto add all required QoSenvelopesfollowing the QoSrequirements.

In terms of reliable messagingthe QoS Manager relies on already available web
servicetechnology, such asthe WS-ReliableMessagingprotocol promoted by IBM and
Microsoft andWS-Reliability promotedby Sun. Both speci�cations describea protocol
that enablesmessagesto be deliveredreliably betweendistributed applications in the
presenceof software component, system,or network failures.

The WS-ReliableMessagingprotocol is described in a transport-independent man-
nerwith the availabilit y of supporting webservicesvia a SOAP binding. WS-Reliability
on the other hand is only SOAP-basedand de�ned as SOAP headerextensions.

Both speci�cations depend upon other web servicesspeci�cations for the identi�-
cation of serviceendpoint addressesand policies. It complements with WS-Security,
described below, to enablefor a broad rangeof reliable, securemessagingoptions.

4.5.1 Securit y

A speci�c typeof QoSaresecurity issues.For security the architecture will useexisting
infrastructures and components. Security components registerwith the QoSmanager
and the QoSmanagerwill call them as needed.

The registering will be doneby enhancements of the SOAP messagingto provide
quality of protection through messageintegrity, messagecon�dentialit y, and single
messageauthentication. The WS-Security speci�cation providesthe meansto support
multiple security token formats, multiple trust domains, multiple signature formats,
and multiple encryption technologies.
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4.6 MessageAdapter

Adapters enableexternal systemsto use their own messageformat to communicate
with the systemthey are integrated with. The adapter integration (within the system
they are designedto work with to provide a messagein an understandableformat for
it) could be partially or totally . Depending on the systemand businessapplication,
adapterscan be usedindividually or grouped in clustersfor morecomplexusage.The
clustersaredesignedasframeworks whereadapterscanbe pluggedin or out according
to the communication needs. On the conceptual level, an adapter transforms the
format of a received messageinto the format understood by the targeted system. The
transformation is concernedwith the syntactical mapping of the messagesformats,
maintaining the semantics of the messageunchanged. The semantic part is enforced
by personalizedontologiesthat are usedto build the outgoing messageformat.

4.7 ExecutionManager

The purposeof the executionmanagercomponent is to takecareof the coordination of
activities of components available at run time of the system. The executionmanager
initializes the systemstartup and shutdown, schedulestasksto particular components,
controls execution semantics, and reacts to any discrepanciesfrom the expected be-
havior of the systemor components (errors, exceptions,abnormal execution).

The executionmanagerinitializes the systemstartup. It recognizesif the last shut-
down of the system�nished successfullyand if not, it undertakesa recovery procedure.
In caseof normal startup, the executionmanagerinitializes component threads, ver-
i�es available system resources,schedulesmaintenanceprocedures,etc. During the
system shutdown, the execution managerreturns resources,closesall open sessions
with components (or passivates them), and takescare to preserve any information or
data which might be required during the next systemstartup.

The executionmanagertakescareto manageinternal work
o w (processde�nition
for components executions)of the system. It is responsiblefor coordinating the execu-
tion order of components either by executinghard-coded static executionsemantics,
or by executinga dynamic interpretable de�nition of the executionsemantics. Regard-
lesswhich approach is used,the de�nition of events can be derived directly from the
de�nition of executionsemantics, so another responsibility of the executionmanager
is to distribute events to particular listenersof components known to the system.

Finally, the execution manager maintains conversations with components. We
recommendto maintain this conversation through WSMX speci�c connectors(called
listeners,which are basedon JMX technology) layering betweenthe coresystemand
each particular component, which o�ers functionality to the system. Listenersenable
connectionsof components which might be running in di�eren t virtual machines on
the sameserver or even on completely di�eren t remote systems. Components ful�ll
servicesrequestedby the execution manager, while it also takes care to monitor if
components work properly (deadlocks, exceptions,etc).

The executionmanageris the \heart beat" of the system.
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4.8 ResourceManager

The resourcemanager(RM) provides an abstract interface which is responsible for
managinga resource(a document) or a repository (UDDI). The RM managesobjects
received in requestsor createdduring the executionof a service.The RM is expected
to provide a \put" and a \get" function. This will enablea processor component on
the \other side" of the RM to requesta document or ask the RM to placea document
into the repository. The resourceor repository is accessedonly by the RM within the
architecture.

It is becauseof this clearly de�ned functionality that the RM is able to provide
abstract interfacesenablingeach component to be independent and modular within a
dynamic system. The requesterof any resourceis not concernedwith the repository
but only with the RM; consequently the individual resourcesand/or repositoriesonly
interact directly with the RM providing the abilit y for components to be pluggable,
independent and modular in a dynamic system. At the architecture level the resource
manageraccessesa resourceor repository. It is not until the lower level details of
implementation that the RM decideswhich repository shall be preferredover another.

4.9 Validator

The validator performssyntactic validit y checks of WSML documents provided by the
executionmanager. It determineswhether an WSML document can be processedand
may convert it in its internal representation, for example,by compiling it.

The validator could make useof the WSMO API, which de�nes methods for val-
idating a document against a certain WSML variant and returning a memory-model
of the elements of the document. The WSMO API is complemented by a reference
implementation, which includesa parser to check the validit y of documents against a
certain WSML variant.

The validator caneither return an in-memorymodel of the elements of the validated
document, or compile it into its internal representation, for instanceinto a relational
database.

4.10 Event Manager

In distributed work
o w systemsbuilt of webservicesthe communication canbe highly
asynchronousand many things can happen in parallel. Thus it makes senseto base
the internal communication on an event-basedparadigm. Event-basedcommunication
is enabledby the event manager. Basically it meansthat components do not com-
municate directly via calls but can createevents which then are communicated to all
other components subscribed to this classof event. The execution manager,as the
central component in control of the processing,is subscribed to all events by default.
This communication paradigm makesthe usual polling unnecessaryand is thus more
e�cien t. Additionally , it decouplescommunication from processing(loosecoupling,
separation of concerns)and enables
exible communication patterns (1:1, 1:n) and
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facilitates 
exible run-time architectures (components do not have to be present, can
join/leave dynamically without having to stop the system,etc.)

An event consistsof the following data: An unique identi�er for the event, the type
of the event, and the event state. The type of the event describeswhich component
can handle the event and how it should react on it while the state-�eld contains what
happensduring the component is working, e.g., if an error occurs. Publish/subscribe
systemscan be classi�ed in four main groups according to their subscription mech-
anisms. These are channel-based,subject-based,object-based(or type-based)and
content-based. The channel-basedapproach is the most common one: events are
routed from publishers to subscribers using logical channels. Channelsare uniquely
identi�ed and transmit information from publishersto all subscribersof that channel.
A publisher can sendan event to many channels. This model is usedby the CORBA
event service,Enterprise JavaBeanswith the Java MessageService(JMS) API, and
the Publisher/Listener pattern in Java AWT. Every component, e.g., the discovery,
mediator, matchmaker, WSML-parser and invoker implements an event listener. The
execution managerstarts every listener and an event scannerwhich always searches
for new events in the event storagewhich werenot touched and are not �nished, i.e.,
event state shouldbesomethingelsethen \�nished", \error" or \lo cked", which means
that the event is in use. Thosenewevents are now handledover to the listenerswhich
are responsible for them. The listeners changethe status of the event and create a
new oneif there is somethingelseto do. To generatenew events, the components just
have to createa new entry in the event storageso that the event scannercan read it.
During this process,the history of every event should be stored in order to be able to
reconstruct and track the events through the system.

4.11 Matchmaker

The matchmaker component performsservicematching betweenonerequestedservice
and oneavailable service.

A speci�c servicewill be selectedbasedon a goal description ontology received
from the potential customer and the servicecapability ontology stored in the local
repository. In this casewe assumethat the capability ontology has already been
received and stored locally.

The goal ontology describesthe ontology of the required product/service and the
rules (axioms) neededfor acceptingand purchasing the product/service. The capa-
bilit y ontology describes the ontology of the o�ered product/service and the rules
(axioms) for which a product/service is available to be purchased.

The matchmaker component performs the matching between the goal ontology
and the capability ontology, by matching the product/service ontologiesand also by
ensuringthat the rules of the customerand the provider are ful�lled.

Beforeany matching is performed,mediation betweenthe goal ontology and capa-
bilit y ontology might be needed. Also, in order to ensurethat the rules are ful�lled
for both ontologies,an ontology reasoneris needed.

In the casethat there is no local match, the discovery component is invoked and
alsoprovided with the customergoal ontology.
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The discovery component is responsiblefor searching and retrieving capability on-
tologies from potentially compatible web services,to be matched with the customer
goal ontology. For searching and retrieving, there are several technologiesavailable,
e.g.,P2P technology or triple spacecomputing. The technology usageis to be deter-
mined on the implementation level.

4.12 Mediation

The mediation could be required at di�eren t levels to cope with the potential het-
erogeneity problems that may occur, in order to enable the overall functionality of
the architecture. As a consequence,di�eren t mediation components will handle the
problems for each level: data mediation, processmediation and protocol mediation.
Protocol mediation is not in the scope of DIP.

4.12.1 Data Mediation

The data mediation module consistsof two separatecomponents: the design-time
component and the run-time component. The design-timecomponent o�ers support
for specifying mediation operations at design-timeof a system,whereasthe run-time
component responds to run-time mediation requests,for example, by other compo-
nents. By this, only the run-time component is explicitly part of the DIP/WSMX
architecture but its performancedependson the design-timecomponent output.

The speci�cations for such a mediation module are provided in [4], covering both
the design-timeand the run-time phase.The design-timecomponent includesa graph-
ical userinterfacethat enablesthe userto de�ne a set of mappingsin a semiautomatic
manner. Thesemappingsovercomethe heterogeneity problemsexisting betweenthe
given schemasand they have to be madeavailable in a persistent way in order to be
usedby the runtime component later.

The design-timecomponent takesas inputs the ids (URIs) of two schemasand the
actual data (sourceinstance(s)) to be mediated. Its role is to identify the ontologies
and to determineif it is awareof any identi�ed similarities betweenthe given schemas.
If thesetasks are successfullyaccomplishedand all the information are available (by
its own means,o�ine, or by discovering other parties that can provide them, online)
the mediator returns the mediateddata, in fact, the target instances.

As described in [4], the data mediator may be extendedwith auxiliary modules
that are able to perform lifting/lo wering of both incoming/outgoing XML schemas
and instancesto/from the ontology and ontology instance levels respectively. These
extensionsare required to overcomethe di�eren t levels of representation usedfor the
inputs of the mediator and for transforming the mediated data in the XML format
required for particular computations.
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4.12.2 Pro cess Mediation

Semantic web serviceshave choreographiesthat de�ne the messageexchangesequence
that hasto be obeyed when interacting with them. The choreography of a web service
is its interface and the invoker has to satisfy it completely. Fundamentally, a web
servicede�nes preciselyin what sequenceit expectsmessagesand in what sequenceit
returns messages.Receivingand sendingmessagescan be arbitrarily intertwined. A
webservicerequester,in turn, hasto makesurethat it sendsand receivesthe messages
as de�ned by a web serviceit requests. Otherwise there would be a mismatch and
the webservicecommunication would fail completelyor causeinconsistent webservice
states.

In general,a web servicerequestercan invoke several web services.The order of
thesedi�eren t invocations are de�ned in an orchestration. The orchestration de�nes
thereforethe overall interaction betweena web servicerequesterand all requestedweb
services.

If a web serviceis dynamically discovered it might be very well the casethat its
choreography doesnot �t the expectedbehavior of a web servicerequesteras de�ned
in the orchestration. In this casethe webservicecaneither not be invokedat all or the
requesterhas to adjust the messageexchangesin such a way that the choreography
of the web servicecan be satis�ed. The latter caseis enabledby processmediation
that mediatesbetweenthe web servicerequester'sde�ned messageexchangesequence
and the invoked web servicechoreography. Any messagemismatch (see[1] for details)
must be overcomefor the requesterand a requestedweb serviceto match. Due to the
nature of interfaces,it is not guaranteedthat processmediation is possiblein all cases.

For example,super
uous messageshave to be discarded,missing messagesintro-
duced,or maybe the order of the messageexchangehas to be changed. In analogyto
data mediation a processmediator is \in between" a provider and a requesterin order
to intercept the messages.The interception enablesto changemessagesif necessary.

Processmediation is a conceptthat hasbeenidenti�ed, however, the research into
this concept and how to provide a working solution is still not clear and requires
future work. In general,though, it is clear that a component has to be addedto the
architecture that implements this concepteventually.

4.13 OrchestrationandChoreography

The component \Orc hestration and Choreography" (ORCA) is responsible for the
executionof orchestration as well as choreography as de�ned by WSMO.

Every web service has a web service interface. A choreography de�nes how to
interact with the web servicein terms of exchanging messages.A web servicethat
requires only a single messagecan be seenas a special case. However, for easeof
discussionin this document, this would translate into a very simple choreography,
namely one, that only de�nes a single messageexchange. This approach avoids to
make a single-messageweb servicea special caseand all web servicescan be treated
exactly the sameway from an architecture viewpoint. The executionsemantics would
not have to make a distinction either.
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As web servicesare invoked by messagesand responsesare returned to the invoker
through messages,every interaction with a web serviceinvolvesORCA. Several types
of messageswithin onechoreography can be distinguished.

First, a web serviceis initiated by an initiation message.This initiation message
createsan instanceof the webservice'schoreography. Sinceonewebservicecanbe ini-
tiated several times, several instancesof its choreography might executeconcurrently.
An instanceof a choreography represents a context in which subsequent messagesare
exchanged. Subsequent messagesare the secondtype of message.They are charac-
terized by the fact that they are sent in context of an existing choreography instance.
There are two subtypesof subsequent messages.One is sent from the webserviceback
to the requester,e.g., responsemessages.The other subtype are subsequent messages
from the requesterto the web serviceto continue the messageexchangewith it.

ORCA is consequently always involved when messagesare exchangedin order to
ensurethe correct executionof messageexchanges.This meansthat ORCA is in the
main executionpath of the architecture. Every incoming as well as outgoing message
will passthrough ORCA to either causethe creation of a new choreography instance,
the continuation of an existing choreography instanceor in fact the termination of a
choreographinstancein casethe messagewas the last one that can happen.

Web servicesalsohave orchestrations. An orchestration de�nes how a web service
usesother web servicein order to ful�ll its functionality. An orchestration can invoke
several other web servicesin sequence,concurrently, conditionally, etc. Oncea chore-
ography is started, and the web serviceto be initiated is determined,it sendsthe �rst
messageas an invoker to the web service. In the general casea messageexchange
follows (seeabove).

In principle, the conceptualmodel of choreography and orchestration is the same
with regard to the conceptsrequired to formulate a process. From an architecture
viewpoint ORCA can executeboth, instancesof choreographiesaswell as instancesof
orchestrations.

The architecture and its executionmodel have to assumethat messageexchanges
arenot always correct. For variousreasonsit might bethat messagesarelost, replayed,
or super
uous messagesare introduced. This meansthat either choreographiesmight
be started without ever being terminated or choreographieswill get \stuck" sinceno
correct messageis received any more. In addition, messagesmight be received that
cannot be dealt with at all sincethey neither continue a choreography nor initiate a
choreography. The latter caseis an error situation that can be clearly detected. The
former caseis di�cult to detect sinceit might always be that a correct messageshows
up after a long time.

4.14 Composition

Composition is the processof designing a work
o w of web servicesbasedon their
choreography speci�cations. Such a work
o w is a DIP orchestration. The composition
processcan be external (be it manual or automatic), in which casethe orchestration
pre-existsin the SWS de�nition, henceis not under the responsibility of the orches-
tration component. In other cases,the composition must be dynamically computed.
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As nothing in the WSMO/WSMX de�nitions precludesthis possibility, the orches-
tration component can achieve such a composition, either as a preliminary activit y
(the orchestration is computedentirely, then executed),or interleaved with execution.
To summarize,when not external, composition is a sub-activity of the orchestration
component activit y.

4.15 Discovery

Discovery in DIP is developed as part of WSMO: WSMO Web Service Discovery [3]
de�nes the methodological framework and WSMO Discovery Engine [2] describesdis-
covery in a more implementation-oriented view. As we are early in the project, not all
parameterscould be �xed already. Thus the following descriptionsgive an overviewof
discovery but are subject to changeto adjust to the �nal versionof discovery in DIP.
Also we will include an approach for the discovery of adapters in the secondversion
of the architecture document.

As described earlier in Section2.2, the corediscovery processin DIP is limited to
�nding abstract webservicedescriptionsthat canful�ll a servicerequest. Determining
a speci�c concreteservicethat implements the abstract serviceis most likely outside
the scope of the discovery component. Discovery is carried out by matching WSMO
goalsto web servicecapabilities. Goalsenablea servicerequesterto describe formally
what they want to achieve independently of any service,or composition of services,
that may be ableto satisfy the request. Goalshave logical expressionsdescribingpost-
conditions and e�ects. The post-conditions describe results expected by the service
requester after the goal has been achieved. E�ects are the real-world side e�ects
expectedif the goal is achieved.

Web servicecapabilities describe what the serviceo�ers and have preconditions,
postconditions, assumptions,and e�ects. The semantics of the postconditions and
e�ects of the capability are the sameasthosefor the goal. The preconditionsdescribe
constraints on the input data required by the serviceand the assumptionsdescribe
the state of the world expected for the serviceto execute. The job of the discovery
component is to match the logical descriptionsof requestergoalswith the capabilities
of web serviceswhosedescriptionsare known to it. Matching logical descriptionsin
this way will most likely require the support of a WSML reasoner.

It is the responsibility of the discovery component which serviceregistries it can
consult to �nd semantic descriptionsof web servicesto match requestergoals. An im-
plementation of discovery may consult with oneor many local, remote,or distributed
registriesor another WSMX to carry out the discovery task. Additionally , the discov-
ery component may requirea mediation servicein casedi�eren t ontologiesareusedby
servicerequestersproviding the goal, and serviceproviders providing the web service
description.
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4.16 Supporting components

Besidesthe major processingcomponents described so far a number of supporting
components are neededto be able to administer, con�gure, and manageDIP. Sup-
porting components communicate with the architecture as given in Figure 4.1 in the
sameway asother nodes,i.e., via WSML messages.Thus we have a uniform interface
and a 
exible way to add new supporting components.

A preliminary list of supporting components include:

� WSMO/WSML editor

� Con�guration manager(user preferences,generalcon�guration, etc.)

� Security policy editor

� Trading partner management

� Semantic web servicesdeployment

� Etc.
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5 Sequence dia grams based on use cases

This section provides a closer look on key interactions in the DIP architecture by
providing the related UML sequencediagrams.

5.1 Discovery

Servicerequestersare forced to discover web servicesbefore they can invoke them if
a desiredserviceis not known already. Figure 5.1 shows a user requestto discover a
serviceusing a goal description.
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Figure 5.1: Interaction diagram of discovery

The requester�lls out a goal template �rst to specify the desiredserviceshe/he is
looking for. The goal is then sent to the WSMX system, through an adapter if the
requesterneedsto adapt its messageto WSML, as a \discover" request. The WSML
messageincludesthe goal, the user'sontology, and the input parametersgiven in the
user'sontology. The receiver handsover the \discover" requestto an instanceof the
discovery serviceusing an instanceof the corresponding choreography. The discovery
component checks if it can ful�ll the requestlocally or not. If yes, it returns a list of
matching servicesto the requester,otherwiseit usesan external discovery component
to �nd matching web servicesby invoking a servicethrough the invoker. This external
discovery components areindependent of WSMX andcanalsobeusedwithout WSMX.
Matching servicesarereturned at the endto the requesterfor selectionor further usage.

5.2 Mediation

As soon asa requesterhasdiscovereda desiredservicethe servicedescriptionincluding
the serviceontology is known to the requester. In caseits ontology does not match
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the user'sontology, the requesterasksthe WSMX systemto mediatebetweenthe two
ontologies. Figure 5.2shows this situation to to mediatedata adheringto tow di�eren t
ontologies.
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Figure 5.2: Interaction diagram of mediation

The requesterprovides the data to mediate, the used ontology, and the service
identi�er in a WSML messagewhich is generatedby an adapter if necessary. The
WSMX system checks if the internal mediator can ful�ll the request otherwise an
external mediator is invoked through the invoker. The mediated data is returned to
the userand he/she can invoke the service.

5.3 ServiceExecution

Figure 5.3 shows the interaction betweencomponents during the executionof a simple
scenarioassumingthat the requesterhas already discovered the desiredweb service
and the data was mediated according to the serviceontology. We assumethat the
service to be called is composedof one or more servicesbut does not require any
user interaction after invocation. Therefore the requesterinvokes the serviceat its
local WSMX systemby providing the serviceidenti�er and the input parametersin an
WSML message.We assumethat the requestercan invoke servicesusing WSML or it
knowsan adapterwhich translatesrequesterrequestsinto WSML invocations. WSMX
only understandsWSML but provides a framework for adaptersand their de�nition.

The receiver of the local WSMX system transforms the request into an internal
representation, beforethe choreography component is taking over. A newinstanceof a
servicechoreography and implementation is createdand initialized with the provided
input parameters. The serviceimplementation is either performing \real-world" ac-
tions, e.g.,booking a ticket or printing an invoice,at the serviceprovider, e.g.,OEBB
or VISA, or usingthe orchestration component to executea sequenceof other services.
Choreographiesare representations of serviceimplementations for serviceinvokersand
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provide the communication API to interact with a service.On the other hand, service
implementations extend a WSMX system at serviceproviders to ful�ll \real-world"
actions. Composedservicesarealsorepresented by implementations de�ning the order
of executions,messageinputs and outputs, etc. and areusedby servicerequesterseven
if a composedserviceonly consistsof one service. The execution itself is handled by
the orchestration component which executesthe service(sequentially or concurrently,
synchronously or asynchronously). The involved servicescan be local or remote. A
choreography instance is createdand initialized for each invoked serviceof a compo-
sition regardlessif the serviceis local or remote. The choreography component uses
the invoker to call the serviceusing a WSML message. If a serviceprovider does
not support WSML an adapter is usedto create the required format. Otherwise the
messageis tunneled by the adapter (the adapter is transparent).

The interactions betweenthe WSMX components at the serviceprovider side are
symmetric to the service requesterside. Therefore the WSMX components of the
serviceprovider sideare omitted in Figure 5.3. The serviceresultsare returned to the
servicerequester(through the adapter if necessary).After all servicesof a composed
servicehave beenexecutedor a serviceimplementation of a local servicewasexecuted
the results are returned to the requester.

26



F
P

6
{

504083

D
eliverable6.2

� � � � � � �� � � � � � 	
 � � � � 
 �� 
 � � � � � �

� � � � � � ��� � � 
 	� � �� �
��������������	� � � �� � � �

� �� � �� �	� �� � � � �
�� � �� � � � �� �	
 �

� � � � �� �� � �� � � � � � � �
 	� � �� �
��������������������������	� � � � � � � �

	� 	�� � � �
 	� � �� �
�������	� � � � � � � �

�� � � � ��

� � � � 	
 � �

� � �
 	� � ��� � � ���

� � � � �� �

�  ! " � � ��� � � �
 	� � �� �
��������������	� � � � � � � �

� � � � �� � �	� �� � � �
#� ��� � �$ � � ��


� � � � �� �� ��  ! "
� � � � � � ��
 � ��
 �

 �� � � ��
 � � � ��

%�� � � � ��� �	
 � � � 
 � � 
 � � � � � �
 � � � � �	�

 � � 
 	� � �� � �
�� 
 
 &� � � � � � �� � ' �' �'


 �� � � ��  ! ( �� 
 � � 
 � � � ��
� � � �
 � 	��� � �)�� � � � �� � �
 � ��� �

�� ���� � � � �� 	� � '

� � �
 	� � ��� � � ���

	� �� �� � � 	� �� ��� � � ���

� � �
 	� � �� � � � ���
� � � 
 	� � �� � � � ���

� ��

� � � 
 	� � �� � � � ���

� � � 
 	� � ��� � � ���

*�	��� � � 
 	� � �	�
	� � �� � � � �� � ��
 � � ��� �+

� � �
 	� � ��� � � ���

	� 	�� � � �
 	� � �� �
�������	� � � � � � � �

�� � � � ��

� � � � �� �� � �� � � � � � � �
 	� � �� �
��������������������������	� � � �� � � � *�	���	�� ��� � � � � � ��+

	� 	��� � � 
 	� � �� �
�������	� � � �� � � �

�� � � � ��

	� 
 
 &�  � � 
 	� � � � � �
 	� � �� �
�������������������������	� � � � � � � �

�  ! " � � ���� � � 
 	� � �� ��	� � � �� � � �

' �' �'

� � � 
 	� � �� � � � ���
�  ! " �� � �� � � �� � � � � � �

�  ! " ��� �� �� �� � � � � � �

� � �
 	� � ��� � � ���

� , � � � �� �� 
 � � 
 � � � �- � #�� � � 
 	� � � �	�
� � � � � � � � ��� 
 � � � � � � � ��� ��� 
 � � 	�	
 � � ��� ��� �� '

�  ! " � � ��� � � �
 	� � �� ��	� � � � � � � �

� � � � �� ��  � " �� � � � � � ��	�
� � � � 	
 � � �	� �� 
 ��� ( ! " �
 � �#�

�� � � � � � � � � ��� � � ��� � � � ���  ! "

*��
 � �� � � � �� � � 
 	� � �+�
 
 �

� , � � � �� �	� � � � � � � �

� � �
 	� � ��� � � ���

*�	��� � �
 	� � �	� �� 
 � � 
 � 	�� �� �+

� ' � '��� � � � ��
� �� � �� #� � � �	���

�	� &� ��	� �� 
 ��

� �� � �� �� � �� � � � � � � �
 	� � �� �
��������������������������	� � � � � � � �

� � � � �� �� � �� � � � �	� � � �� � � �

� � � � �� �	� �� �� � �
� � � � � � � � �� �	
 �

� � �
 	� � ��� � � ���

*�	��� � � � 	�� � �+
�� � �� � � �� � � �� � � �� �

� � � 
 	� � �� � � � ���

� � � � � � �� � ��  ! ( � � � � � � �� � ��  ! ( �� �� � � � � � � 
 
 	� � � ��  ! (

F
igure

5.3:S
im

ple
exam

ple
interaction

diagram

27



FP6 { 504083

Deliverable6.2

To illustrate the interactions given in Figure 5.3 and simplify understanding,Fig-
ure 5.4 shows a usecaseexamplefor the above described interactions betweenWSMX
components and WSMX systems.
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Figure 5.4: Usecaseexamplefor the simple interaction example

A useris booking a ticket for a train trip at OEBB, the Austrian railway company,
usingher/his VISA credit card and the ticket shouldbe shipped to her/his addressvia
mail. Post is the Austrian mail company. The user,the OEBB, and VISA areusingthe
WSMX systemto invoke and provide web services.The Post providesa shipping web
serviceby running an application server, i.e., the web servicesare de�ned in WSDL.

First, the userenters her/his trip parameters(departure, arrival, VISA credit card
information, useraddress,etc.) using a graphical user interface (GUI) representation
of the web service(1). The GUI application knows an adapter to transform this input
into a WSML message(2) which is sent to the local WSMX systemof the user (3).
The WSMX systemcreatesand initializes a newchoreography instancefor this request
and detectsthat an OEBB servicehas to be invoked. As only oneremote servicehas
to be invoked a simple orchestration is created containing only the OEBB booking
servicebook. The orchestration component executesthis composedserviceand creates
a choreography instancefor OEBB.book which will invokeand interact with the service
provider. The choreography knows from the servicedescription that OEBB is using
WSMX and sendsan WSML messagevia the invoker (4).

The WSMX systemat OEBB createsa choreography instancefor OEBB.book to
handle the received request. To simplify understandingwe usean informal represen-
tation. Still, the readershouldhave Figure 5.3 in mind while walking through this use
case.

The serviceis composedof 3 services:OEBB.reserveto reserve a seat for a given
train, VISA.bil l to bill a user,andPost.shipto ship the ticket. First, the OEBB WSMX
orchestration component processesthe �rst serviceof the composedserviceto reserve
the desiredseat. Thereforeit createsa newchoreography instanceof the OEBB.reserve
serviceand invokes itself by sendingan WSML message(5). The received message
createsa secondchoreography instanceof OEBB.reservewhich will executethe service,
i.e., adding the booked seat in a database,printing the ticket, calculating the price,
etc., and returning a con�rmation (6). Failure handling is omitted in this example
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for simplicity. The reservation con�rmation is returned to the invoking choreography
which will inform the orchestration component to continuewith the next serviceof the
composedserviceOEBB.book. The next servicesare executedin parallel (indicated
by <par> in Figure 5.4).

A WSML messageis sent to the VISA company (7) to bill the user. As VISA
is also using the WSMX systemand VISA's billing serviceis not composedby other
services,OEBB sendsa WSML messagenot requiring an adapter and VISA executes
the serviceimplementation to withdraw the given amount of money from the users
account (8).

The shipping serviceof Post is de�ned in WSDL and an adapter is required to
transform the WSML messagefrom the OEBB WSMX system (7) into an WSDL
messagefor Post (8). This adapter is known to the OEBB systemand usedby the
choreography instanceat OEBB. The application server at the Post executesthe re-
quest and the ticket will be shipped to the usersaddress(9).

Figure 5.5 shows the interaction of an WSMX systemwith an application server
providing servicesde�ned in WSDL. The WSMX components and interactions are
equivalent to Figure 5.3. The di�erence in this exampleis that the adapterat the right-
hand sideadaptsWSML messagesto WSDL messagesand vice versato communicate
with the application server.
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5.4 Security

As security is a key concernin DIP, Figure 5.6 shows an example,wherean incoming
messageis �rst decrypted, then authenticated and if thesetests verify OK, it is for-
wardedfor further processing.This is the basicprocessingfor all requeststhat require
enhancedsecurity
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Figure 5.6: Security processing
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6 Summary and conclusions

In this document we have de�ned the �rst versionof the DIP architecture. The contri-
bution of this deliverable is to provide the basicdescription and the basic framework
of the open web servicesarchitecture which is oneof the three main goalsof the DIP
project. This is a key issueto enableinteroperability. Thus this deliverableis relevant
to all technical work packagesin DIP (WP1{WP5). In conjunction with deliverable
6.3, this deliverableprovides the interoperability guidelinesfor all components devel-
oped in DIP.

We have described the current standard \triangle" model of web servicesand how
we evolve this architecture into the DIP architecture supporting semantic web ser-
vices. The key extensionis that the three party model is extendedinto a �v e party
model by adding a discovery and a mediation party. Basedon this model we have
described DIP's internal architecture for nodes (WSMX). WSMX is an event-based,
dynamically con�gurable framework for supporting the de�nition and processingof
semantic web services. We have described the individual components and provided
detailed discussionsof the processingof semantic web servicesin this architecture.
The major interactions have been discussedand have been semi-formally de�ned in
UML sequencediagramswhich enablethe reader to understand the architecture and
its application in concretescenarios.The scenarioswe usedin the sequencediagrams
werederived from the DIP usecasesand generalized.

Architecturesde�ned in the courseof projectsasthe oneprovided in this document
are to be seenas \living" documents. The architecture de�ned in this document
is not �nal yet as we have to envision possiblechangesand adjustments that will
surfaceduring the further stagesof the project. These changeswill be applied to
the architecture and will be worked into the secondversion (deliverable 6.5) of the
architecture.
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