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d I P DIP Architecture

Summary

This deliverable descrikesthe rst version of the DIP architecture. The goal of the
architecture is to provide a high-lewvel overview of the necessarysystem componerts
and their interactions. Each componert is descritedto the level of detail that is needed
to understandits function in the architecture. For more detailed descriptionsof the
componerts the readeris referredto the respective componert deliverables. Then the
important interactions, i.e., work o ws, to support typical scenariosn the processingof
semarnic web servicesare descrilked. The descriptionusesthe external interfacesof the
componerts which are standardizedin the DIP API (deliverable6.3). The goal of this
deliverableis to provide understandingof the internal processeof DIP and support
dewelopersin providing componerts that can interoperate with other componerts 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 one of the three main goals
of the DIP project. This is a keyissueto enableinteroperability. Thusthis deliverable
is relevant to all technical work padkagesin DIP (WP1{WP5). In conjunction with
deliverable 6.3, this deliverable providesthe interoperability guidelinesfor all compo-
nerts dewelopedin DIP. The target audienceare componert providers, users,and any
personinside or outside of DIP interestedin learning about the internal processingof
the DIP infrastructure.

Disclaimer: The DIP Consortiumis proprietary. Thereis no warranty for the accuracy
or completenes®fthe information, text, graphics,links or other items cortained within
this material. This documert represeis the commonview of the consortiumand does
not necessarilyre ect the view of the individual partners.

Deliverable6.2 i Decenber 15, 2004
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1 Intr oduction

This deliverable descrikesthe rst version of the DIP architecture. The goal of the

architecture is to provide a high-lewvel overview of the necessarysystem componerts

and their interactions, to provide understandingof the internal processe®f DIP, and

to support dewvelopersin providing componerts that caninteroperatewith DIP and its

componerts. Additionally, userscangeta high-level overviewof the internal processing
and thus get a better understandingof the system. The cortribution 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

padkagesin DIP (WP1{WP5). In conjunction with deliverable 6.3, this deliverable
provides the interoperability guidelinesfor all componerts deweloped in DIP. The

target audienceare componert providers, users,and any personinside 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 presening a bird's eye view on the system. We discussthe basicroles, their
functions, and high-lewel relationships. Additionally, we relate the DIP architecture
to the standard \triangle model" of traditional web servicearchitecturesto exemplify
the commonalitiesand di erences. This is followed by a presertation of the basicideas
underlying the architecture (rationale) to make our designdecisionsunderstandable
to the reader.

Having setthe initial frame, we then give more in-depth preserations of the com-
ponerts in the architecture. Each componert is described to the level of detail that is
neededo understandits function in the architecture. For more detailed descriptionsof
the componerts the readeris referredto the respective componert deliverables.Based
on thesedescriptionswe then descrile the important interactions, i.e., work o ws, to
support typical scenariosin the processingof semairtic web services.The description
usesthe external interfacesof the componerts which are standardizedin the DIP API
(deliverable 6.3). In the nal sectionwe then presert a condenseddiscussionof our
ndings and presert our conclusions.
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2 Ar chitecture Over view

2.1 WebServiceys. Sematc Web Services

The \triangle" architecture as shaovn in Figure 2.1 has becomethe widely accepted
architectural standard for corvertional web services.

Figure 2.1: The triangle architecture for web services

Providers publish their available web servicesin a registry (typically UDDI). Re-
questerscan connectto a registry and query it for web service descriptions. If a
desired serviceis found, the requestercan implemert code which matchesthe pub-
lishedinterfacesof the service,connectto the provider andinvoke the service. All these
interactions are basedpurely on syntactic properties and do not involve semarics at
all.

Though this architecture serves many application scenarios,t has shovn 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 servicethat would
match its request. Queriesare constrainedto \syntactic" queriesand exact matches.
The registriesdo not o er sematnic descriptionsand semartic query functionalities.
Thus discovery of appropriate servicesis merely basedon the \semartics" inferred
from proper naming corvertions and is a cumbersometask which requires human
intervertion and knowledge.

DIP intends to extend this standard \triangle" architecture of web services(re-
guester, provider, registry) with semarnics (ontologies,tools for description, semairic
discovery, composition, and mediation, etc.) and extend it where appropriate or re-
quired. By basingthe DIP architecture on the old architecture we alsotry to insure
the largestpossibledegreeof backward compatibility, sothat, web servicesand seman-
tic web servicescan co-existon top of the sameinfrastructure and we also support a
gradual ewolution from web servicesinto semairtic web services.

Figure 2.2providesa high-level view of the DIP architecture in terms of 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 supersetof the existing web servicesarchitecture. To denotethem as
the \old" componerts they are shavn in light-blue (light-gray) along with the \old"
communication relationshipsin the samecolor. Also only the \new" interactions are
labeled as the other onesare the sameasin Figure 2.1. To denotethat \semartics"
is the common underlying enhancemen a light-gray semartics box is shavn in the
badkground of the gure.
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Figure 2.2: DIP architecture for semaric web service:the big picture

It isimportant to note, that, though thesecomponerts are\old", their internal ar-
chitecture and functionality may be quite di erent from the currert (again, a superset).
This meansthat in the \new" architecture the componerts may be enhancedwith se-
martic capabilities basedon WSMO/WSML. The new componerts are discovery and
mediation along with semairtic descriptionsof web servicesgivenin WSMO/WSML.
The external communication is still compatible with the existing protocolsaslong as
requesterand provider usetraditional web services.Howeer, if the requesterinvokes
a semartic web servicethen additional processinghasto happen which is indicated
by the additional dark-blue (dark-gray) arrow betweenrequesterand provider and the
additional dark-blue (dark-gray) componerts attachedto requesterand the provider.

We addedthe discovery componert for seeral reasons.The simplestoneis com-
patibilit y with the old architecture and re-useof existing UDDI registries. The more
strategic oneis that we wanted to have a clean separationof data (registry) and pro-
cessing(discovery) to keepthe discovery process exible. In a world-wide network
with a very high number of playersit is essehal that the discorery processscales
and meetsthe speci ¢ requiremerts of di erent usergroups. 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,ager-basedtechnologies,or peer-to-peer-basedtechnologiesat the same
time, depending which onewill meet userrequiremerns best. The sameholds true, if
new technologiesand advancesin the domains of semarics and reasoningshould be
included. The discovery serviceagain may be o ered asa semairtic web service.

In cortrast to the old architecture the discovery of DIP will improve the situation
in seweral ways. It will support discovery which is (1) semaric, (2) goal-orierted, and
(3) distributed. Phraseddi erently, the requestercan de ne (semartic) capabilities
and attributes of the servicest is interestedin (the goal) and the discorery componert
will then start a distributed discovery processinvolving a possibly very large set of
registriesto nd matching services(where match is to be seenrather broad sinceit
may involve reasoning,etc.).

If no \exact" matches (in the semanic sense)can be found, mediation can be
exploited to addressthis, which was the motivation for the secondnew componert.
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Basically the task of the mediation componert is to mediate between the needsof
a componert (e.g., the requester)and the o ered functionalities of the provider on
di erent levels(data, processprotocol). This functionality canagaininvolve discovery
and may again be o ered asa (semaric) web service.

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

In the courseof introducing semaric web serviceswe ervision three levels of func-
tionality:

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

Basic semantic level: The samecomponerts but already enhancedwith sematrtics,
I.e., the registry already storessemartic descriptionsof the web services,a re-
guester can already discover web servicesbasedon their semartic description,
etc. WSMO/WSML are the underlying languagestandards.

Full semantic level: The fully- edged architecture with mediation and sophisticated
goal-orieried discovery. WSMO/WSML are the underlying languagestandards.

2.2 Discwery

Discovery in DIP is deweloped as part of WSMO: WSMO Web Servie Discovery [3]
de nes the methodologicalframework and WSMO Discovery Engine [2] descrikesdis-
covery in a more implemenrtation-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 semaric Web service discovery is basedon the conceptsintroduced in
[7]: An abstract serviceis a set of concrete servicesand is speci ed by a madine-
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 characteristicsexpressedn the abstract servicedescription.
For example,there might be an abstract servicethat describesan exdhangerate service.
One of its concreteservicesmay computethe exchangerate betweenSwissFrancsand
Euros. Note that there might be more than one abstract servicethat hasthe sameor
least similar characteristics,but the way how servicerequestersneedto interact with
them may dier. This interaction pattern is part of a cortract betweenthe service
requesterand the service provider and constitutes the mutual (implicit or explicit)
agreemenh of what the servicedoesand may include, amongother things, legal terms
and conditions, and compensationmethods in caseof failures during serviceexecution.

These obsenations lead to the idea to abandon concrete service discovery and
limit the core discovery processto abstract servicediscovery. Choosing a particular
concreteservicerequiresa separateselectionstepthat may alsoinvolve a sophisticated
negotiation process. The abstract servicediscovery processis basedon the concepts
of goals and capabilities [8]: Servicerequestersuse a goal to specify their service
requiremens whereasservice providers descrike their servicesthrough capabilities.
These goals and capabilities will be expressedusing a formal language, presumably
WSML [5].
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To nd a set of matching abstract services,a servicerequestersendsa query to
the discovery componert that cortains his/her goalin WSML including a referenceto
the ontology that cortains the conceptsusedin the goal. Goals may cortain concrete
instancevalues,e.g.,the requestermay askfor the exdhangerate from SwissFrancsto
Eurosbut the ontology may help the discorery componert to abstract this to European
currenciesor may evendrop this information and infersthat the abstractgoalisto nd
serviceghat canreturn exchangeratesfor currencies! The result of the corediscovery
stepwill be a set of WSMO servicedescriptionsrepreseting acceptableserviceseah
taggedwith a \matc hing score"” similar to those de ned in [6].

A selectionstep will then needto be performed to choosethe \b est" abstract
servicefrom the result set. Once the \b est" has been found, the servicerequester
may then perform a negotiation with the serviceprovider to agreeon a cortract, and
thus, on a concrete serviceit will evertually execute? To nd this \b est" service
one can apply di erent techniquesranging from simple hard-wired selectioncriteria
(e.g.,\alwaysthe rst"), to quartifying functional, non-functional preferencesr even
human interaction. Thus, we do not considerthe selectionstep aspart of the discorery
componert but rather seeit handled by a sub-compnert that resideson the service
requesterside.

2.3 Regqistry

In principle, there are two approadestowards implemerting a registry for semartic
web services. On the one hand, one could take UDDI, the registry standard used
by traditional web services,as a basisand extend it with semartic descriptions. On
the other hand, one could basethe registry on an ontology repository, as WSMO
provides a homogeneoudramework for the (semariic) description of semaric web
services.DIP will start by following the latter approad, asit is closerto the philosopty
underlying WSMO. Using an ontology repository asthe basisof the registry allows to
fully leveragethe potertial of semanic descriptions. For onething, servicedescriptions
canbe easilycombined with the domain model, sinceboth usethe samerepresemation
language. Moreover, inferenceenginescan be integrated into the repository to chedk
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,howewer, to also support a UDDI-

style registry. Whether sud a registry will be actually implemerted in DIP will

be decidedduring the secondproject year. On the one hand, experienceswith the
registry basedon an ontology repository will be evaluated. In addition, developmern
in UDDI will be closelymonitored. There is somediscussionon a \Semartic UDDI",

e.g. by adding an \rdfBag" to UDDI, in the OASIS Tednical Committee responsible

lWe deliberately leave this fairly vague as we can ervision di erent approades, algorithms and
reasoningtechniques for matchmaking and expect service discovery to be one of the active researt
areasduring the courseof the project. We do assume though, that any match found will fulll those
criteria that the requesterconsidersessetial.

2In the most simple case,invoking a concrete servicewill implicitly determine the cortract.




FP6 { 504083
Deliverable6.2

for UDDI. Finally, requiremerts 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 (semartic) web services,the generalidea of publishing a serviceis
to collect all information neededor useful for its usageand managemenh As the fun-
damenal idea of service-orieted architectures is that servicesare ertirely de ned by
their interfacesand the cortracts they o er, theseare the minimally required piecesof
information which have to be provided when publishing a service. For traditional web
services,the interface is published via WSDL and additional information regarding
servicecortracts is provided via freetext or by using proprietary setsof attributes. In

WSMO, the conceptweb servicehasse\eral properties enablingthe formal represema-
tion of this information. For onething, theseare non-functional core properties based
on the Dublin Core Metadata Standard, which can be usedto descrike all WSMO
elements. Moreover, the conceptweb service has speci ¢ non-functional properties,
such as\accuracy", \ nancial”, \networkRelatedQoS",\p erformance", \reliabilit y",

\robustness", \scalability", \security”, \transactional” and trust. See[8] for details.
It is expectedthat in addition to these non-functional properties there will be also
application-speci ¢ properties and therefore WSMO ernvisagesextensionsof the basic
model of non-functional properties. Finally, a web servicein WSMO has the prop-
erty \capability" which enablesthe speci cation of preconditions, assumptions,post
conditions, and e ects. These properties 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 use casescenariosin 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 use of publishedinformation is disawvery of serviees This com-
prisestwo slightly distinct though related aspects. On the one hand, it involvesthe
seart for available services;on the other hand, it involvesthe detailed veri cation
whether a found serviceexactly matchesthe requiremerts. Whereasthe initial seart
might be basedon rather genericcriteria, the secondstep usually takesinto accoun
speci ¢ aspectsof a cortract o ered by a service.

A related but more complex use caseis the (semi-)automatic composition of ser-
vices Here the focusis on the automatic evaluation of information available on ser-
vices. Whereas\manual" discovery is feasibleon the basis of free text information,
standardizedand structured formats are neededto make automatic processiorof pub-
lished information possible.
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Whereasthe rst two use casesfocus on the phasebefore serviceinvocation, in-
formation on servicess alsousefulduring serviceexecutionor after serviceexecution.
When monitoring servie exeution, information about servicescan be usedto Iter
and selectdata. Thus monitoring can be restricted to serviceshaving certain proper-
ties.

Similarly, tracking, auditing, and reporting, which in generaloccursretrospectively,
l.e., after serviceshave beenexecuted,can useinformation about services.An example
would be the comparisonof actual executiontimes with quality of serviceguarartees.
The latter would be part of the published cortract and accessiblevia the registry,
the former would be data stored in a databaselogging information about service
executions.

It shouldbe obviousthat the choiceofinformation to beincludedwhenpublishing a
serviceultimately dependson the speci ¢ 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 Relevant for Publishing

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

Service Interface : in the caseof traditional web servicesthis will be a WSDL
le, in the caseof semartic web servicesit could alsobe a WSMO de nition.

Metadata : in the caseof traditional web servicesthis will be free text, in the
caseof semaric web servicesit will be a formal description basedon WSMO or
Semanic Web formalismssud as RDF or OWL.

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

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

The following will brie y descrike the information provided in publishing in more
detail. In doing so, di erent alternatives are presened, ranging from full WSMO
support to scenariodimited to semattically annotated WSDL les.

Service Interface

For traditional web services serviceinterfacesare speci ed by using WSDL (Web
ServicesDescription Language).In WSMO, a web serviceis a complexconceptwhich
has properties such as\nonFunctionalProperties”, \capability" and\in terfaces". The
concept\in terface”, in turn, has properties sucd as \choreograply" and \orchestra-
tion". In both casesthe publishing servicewill requirea URL pointing to the location
of either the WSDL le describingthe serviceinterfaceor of the WSMO le cortaining
the servicede nition.
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Metadata

The metadatadescriktesnon-functional properties of the service. In the full- edged
WSMO approad, metadata will be part of the WSMO le describingthe service.
Howewer, if the serviceinterface is descriked via plain WSDL, metadata has to be
speci ed separately Even when using WSMO it might make senseto add additional
metadatain publishing, which is not part of the WSMO-de nition of the service.

In order to make the alternative to the WSMO-basedpublishing as lightweigh as
possible,a simple RDF-basedapproad will be supported. Thus, metadata asseiated
with a servicein publishing can be speci ed asa list of RDF statemerts.

Registry

For traditional web services,UDDI is used as a registry. The DIP publishing
processwill alsosupport an UDDI registry asspeci ed in detail in D4.2. In addition,
it will also be possibleto store metadata speci ed in the publishing processin an
RDF store. The basicidea hereis to useexisting RDF functionality in implemerting
prototypesfor discovery and monitoring.

2.3.1.3 Publishing Service GUI

Ontop of the Publishing Servicewhich is accessibléhrough a web serviceAPI speci ed
in WSDL, it will alsobe possibleto manually publish servicesthrough a publishing
GUI. The GUI will support the manual speci cation of metadataby listing properties
for which valuescan be speci ed.

In orderto know which property valuesareto be collected,the GUI needsto know
the ontologiesto be usedfor semartic annotation. In addition to WSMO, thesecan
be application speci ¢ extensions.The GUI will enableusersto specify the ontologies
to be usedduring publishing and provides elds to Il in property valuesaccordingly

2.4 Mediation

Mediation is neededwheneer two componerts cannot commnunicate directly but need
to interact. The reasonsfor componerts not being able to commnunicate can either
be the usageof syntactically di erent data formats as well as semarnically di erent
ontologies to descrike the data or the usageof di erent choreographies. Therefore,
mediation is necessaryon two levelsin the DIP architecture: the data- and the pro-
cess/protacol level. Data mediation is concernedwith mediation on the data level,
involving both syntactical and semartic di erences, whereasprocess/protacol medi-
ation is concernedwith mediation of di erent interaction protocols. Note that these
two levels of mediation can be performedindepender of ead other.

From an architectural viewpoint, data mediation canbe seenasan isolatedproblem
that canbe performedby a componert external to the requesterand the provider com-
ponert. In cortrast to that, process/protacol mediation needsto dealwith interaction
patterns that are tightly coupledto the requesterand the provider and thus, can only
be handledinside the infrastructure deployed at the requesterand provider side. Be-
sidesthe functional separationinto data and process/protacol mediation, the overall
mediation processcan also be separatedtemporally into a design-timeand a runtime
step. During the design-time phasenecessarytransformations betweendi erent 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 solwe data or
process/protocol mismatdes.
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3 Rationale of the ar chitecture

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

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

Standardization of external behavior. As for any distributed architecture, the
goalof the DIP architecture is to standardizethe externalinterface and behavior of the
componerts, sothat any componert conforming to these speci cations can be used.
This enablesthird-part y software vendorsto supply componerts, it is prerequisitefor
standardization, and it facilitates conformancetesting. The internal architecture and
implemertation of a componert is usually not consideredin standardization.

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

Functionalit y is provided via (semantic) web services. A key designprinciple
in DIP isthat ead available functionality shouldbe o ered asa (semariic) webservice
aswell thusunifying the overall designand apply identical paradigmsat di erent levels.
This appliesto both static and dynamic cooperations. For example,the interfaceof the
mediation componert will be a web service. If the mediation componert now creates
a certain mediator that others may want to reuse,it could provide this functionality
as a stand-aloneweb service.

10
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4 Components

4.1 Owverview

To work with semaric web servicesa node (requester,provider, etc.) needsto install
a componert infrastructure. Figure 4.1 shownsthe internal architecture of a singleDIP
node.

=5 i

Figure 4.1: Requester/provider architecture

The componerts will be described in detail belov and possibleinteractions will
be preserted in terms of UML interaction diagrams. Howewer, a brief introductory
tour will simplify understandingthe architecture. All (incoming/outgoing) network
communication is donethrough the commnunication manager. We assumethat the line
format is SOAP asit is the current standard. DIP SOAP messagedn fact typically
should carry WSML content. If a di erent format hasto be usedfor badkward com-
patibility, e.g.,ebXML, a messageadapter converts badk and forth to/from WSML.
In the following descriptionswe assumethat the standard messagesxchange format
is WSML and we do not consideranything below this abstraction layer.

Beforeanincomingmessageanhit any componert after having beenhandedto the
communication managetr,it is provided to the QoS componert. The QoS componert
provides a simple framework into which all kinds of specialized QoS subcomponert
can be pluggedin. Those can ensurefunctional and non-functional typesof QoS. For
example,we seesecurity as a typical subcomponert. It can chek messageantegrity,
autherticit y, accessights and return its resultsto the comnunication managervia the
QoS componert. If the communication manageragrees,then a messagenot meeting
certain QoSrequiremerts can be abandoned(this dependson the local con guration
and user preferences).If the messages OK, then it will be registeredwith the evert
managerfor further processing( WSML format).

The event manageris the internal communication badkbone of a node. The com-
munication paradigm s evert-based,i.e., componerts subscrike to the evert manager

11
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and canissueeerts. For example,if discovery would be neededa componert canraise
anewvent equippedwith the necessaryata, the discovery componert would be noti ed,
processthe evert and againreturn the result in an evert which the original requester
would be noti ed upon. The advantagesof this everi-based communication are: (1)
Receiers and evernt generatorsare highly decoupledwhich allows to dynamically re-
con gure the system(start and stop componerts at runtime) (2) multiple componerts
canreact to ewvens (parallelization, multicast) and (3) evernts are a natural paradigm
for work o ws. To guide and coordinate the whole processwe have included a special
componert, the executionmanager.

The functionalities of the other componerts are straight-forward: the validator
cheds syntactic correctnessof WSML documerts, discovery is the interfaceto 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-
merts and user preferencesn order to selecta concreteserviceto be called.

As a result of processingincoming requests,outgoing messagesan be generated
which follow the sameprocessingpaths asincoming ones.

Figure 4.1 de nes the basicprocessingcomponerts. Yet, a number of \supporting"
componerts are neededor maintenance,managemen con guration, etc., for example,
an editor for producing semairtic web servicesde nitions asgivenin Figure 4.1. Sut
supporting componerts comnunicate 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 componerts.

The other parties of the overall DIP architecture as showvn in Figure 2.2 may
have a completely di erent architecture, for example, the registry or the discorery
componerts, which however, is irrelevant aslong asthey obey the required APIs.

4.2 Con gurations

Figure 4.1 shavs a completesetup. However, not all componerts needto be presen if

their functionality is not neededin certain application scenarios.For example,if the

set of semartic web servicesa node is allowed to comnunicate with is xed, e.g.,due
to contracts, no discovery will be needed. Sincewe usedewen-based communication

this meansthat no discovery componert needsto be running. Thus, dependingon the

requiremens, \ligh t-weight" con gurations can be usedand deployed. The minimum

con guration would include commnunication manager(CM), evert manager,execution
manager(EM), and matchmaker (MM). This con guration canbe extendedasneeded,
for example:

1. Minimum con guration: comnunication manager(CM), evernt manager,execu-
tion manager(EM), and matchmaker (MM)

Q) + QoS

(1) + messageadapter (MA)
(2) + MA

(4) + validator (V)

o g M w DN

etc.

12
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4.3 WSMX/DIP ArchitectureEntry Poirts

Four mandatory entry points must be available in ead instance of a WSMX/DIP
system. WSMX is an implemertation of the here proposedarchitecture. They also
de ne the required functionality of a WSMX/DIP compliant system. By selectinga
given ertry point the prede ned executionsemairtics of a given set of componerts is
triggered. Execution semattics is the formal de nition of the operational behavior of
the systemand it descrikesin a formal languagehow the systembehares. Thesefour
obligatory ertry points enabling the execution of any of the four available execution
semaunics are:

realiseGoal(Goal, Ontologylnstance):Confirmation

Any external ertity, which expects to get its goal realized without badk 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 simplied scenarioassumeghat the servicerequester
knows ewven 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 stepis not obligatory (many ertities which might wish their goalsto be
realizedby WSMX/DIP systemmight not have permanen addressing,sothere
is no possibility to make an asyndironous call badk 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 asyndironouscall, the servicerequesterprovidesa goaland expects
to get badk a set of services.

receiveMessage(Ontologylnstance, WebServicelD, ChoreographylD):Confirmation

Once the servicerequesterknows the servicewhich he wants to use, he must
carry a badk and forth corversationwith the WSMX/DIP systemto provide all
the necessarydata and to make the executionof this servicefeasible.By giving
fragmerts of ontology instances(e.g., businessdocumerts sud ascatalogueitems
or purchaseordersin a given ontology) and a referenceto a serviceand a chore-
ograply (only if a choreograply hasbeeninstantiated already), which should be
used,it providesall data required by the serviceof the serviceprovider.

storeEntity(WSMOEntity):Confirmation
The storeertity ertry points providesan administration interfacefor the system

enablingto storeany WSMO related ertities (sudh asservicesgoals,ontologies)
and making them available for other parties using WSMX/DIP system.

13
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Additionally to these four erntry points, we assumethat WSMX/DIP provides
an engineto support dynamic execution semairtics enabling execution of any formal
description of system behavior. In this way we can also de ne additional and not
required by any implemertation, functionality of the system.

Four ertry points descriked in this section are fundamertal to descrike sequence
diagrams, which we will presened 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 aswell).

4.4 CommunicationManager

The comnmunication manager (CM) is responsible for sendingand receiving WSML
messageso/from ertities external to DIP or adaptersrepreseting sud external en-
tities. In this context, the term ertity meansany external systemacting as a service
requesteraswell asservicesthat can be invoked by DIP. Adapters are expectedto be
usedwherethe external ertity cannot directly support comnunication using WSML
messagesnd translation to another data represemation is required. Translation from
WSML to another data represemation is often referredto as\lowering" while trans-
lation from another data represemation to WSML is often referred to as \lifting".
The two certral functionalities of the communication manager- sendingand receiving
messages are described in the following.

4.4.1 Sending Messages from DIP/WSMX

The comnmunication managerprovides an interfaceto receive the WSMO description
of the serviceto be invoked along with data to be sent in the messagédo the service.
The data must consistof instancesof conceptsdescribed in the ontology usedby the
service. Both the servicedescription and data will be represeted in WSML. The
CM interprets the interfacepart of the WSMO servicedescriptionto determinewhich
binding is necessaryto invoke the serviceor an adapter represeting the servicewhere
oneis required.

4.4.2 Receiving Messages into DIP/WSMX

The communication managerprovidesan interfaceto external ertities to acceptWSML
messages. The WSML messagesnay represeh a goal to be achieved by another
DIP/WSMX instanceor be a messagecorrespnding to a choreograply or orchestra-
tion instancethat already exists. From the perspective of the CM, the distinction is
irrelevant. The CM acceptsthe messagehandling any transport and security protocols
usedby the sendingadapter.

4.4.3 Grounding

DIP extendswebservicetechnologyby usingsemartic servicedescriptions. Howeer, it
must be possiblefor DIP to interact with existing web servicesdescribed with WSDL.
To make this possiblea semaric web servicedescription for the serviceis createdin
WSMO. The choreograply section of the WSMO description describesthe interface

14
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to the serviceincluding the conceptsthe serviceexpectsasinputs and outputs. When
the serviceis invoked these WSMO instances of concepts, represeted in WSML,
needto be translated to and from the correspnding data structures speci ed in the
XML typesof the WSDL documert 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 documert. Adapters
enable systemsthat do not represen data using WSML to interact with DIP. The
mappingsrequired for grounding needto be in both directions. Data sert from a web
servicecorrespnding to the XML sdemaof a WSDL documert must be \lifted” to
the corresppnding WSML expected by DIP. Equally, data sert from DIP represerted
in WSML must be \lowered" to the correspnding XML sdematypesdescribed in
the WSDL documert.

4.5 QoSManager

The QoS managerhandlesernvelopesof SOAP or SOAP-compliant messagesud as
security or reliability extensions. Incoming messagesre forwarded by the commnu-
nication managerand have to be chedked 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 managerusesthe QoS manager before sendinga
messagdo add all required QoS envelopesfollowing the QoS requiremerts.

In terms of reliable messagingthe QoS Manager relies on already available web
servicetechnology, sud asthe WS-ReliableMessagingrotocol promoted by IBM and
Microsoft and WS-Reliability promoted by Sun. Both speci cations descrike a protocol
that enablesmessage$o be deliveredreliably betweendistributed applicationsin the
presenceof software componert, system,or network failures.

The WS-ReliableMessagingrotocol is described in a transport-independent man-
nerwith the availability 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 complemeis with WS-Security,
descriled below, to enablefor a broad range of reliable, securemessagingoptions.

45.1 Security

A speci ¢ type of QoSare security issues.For security the architecture will useexisting
infrastructures and componerts. Security componerts registerwith the QoS manager
and the QoS managerwill call them asneeded.

The registeringwill be done by enhancemets of the SOAP messagingo provide
quality of protection through messagentegrity, messagecon dentiality, and single
messageauthertication. The WS-Securiy speci cation providesthe meansto support
multiple security token formats, multiple trust domains, multiple signature formats,
and multiple encryption technologies.

15
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4.6 Messagédapter

Adapters enable external systemsto usetheir own messagdormat to communicate
with the systemthey are integrated with. The adapter integration (within the system
they are designedto work with to provide a messagen an understandableformat for
it) could be partially or totally. Depending on the systemand businessapplication,
adapterscan be usedindividually or groupedin clustersfor more complexusage.The
clustersare designedasframeworks whereadapterscan be pluggedin or out according
to the communication needs. On the conceptual level, an adapter transforms the
format of a received messagento the format understood by the targeted system. The
transformation is concernedwith the syntactical mapping of the messagegormats,
maintaining the semartics of the messagainchanged. The semairtic part is enforced
by personalizedontologiesthat are usedto build the outgoing messagdormat.

4.7 ExecutionManager

The purposeof the executionmanagercomponert is to take careof the coordination of
activities of componerts available at run time of the system. The executionmanager
initializes the systemstartup and shutdown, sdhedulestasksto particular componerts,
corntrols execution semattics, and reactsto any discrepanciesrom the expected be-
havior of the systemor componerts (errors, exceptions,abnormal execution).

The executionmanagerinitializes the systemstartup. It recognizesf the last shut-
down of the system nished successfullyand if not, it undertakesa recovery procedure.
In caseof normal startup, the execution managerinitializes componert threads, ver-
i es available system resources,schedulesmaintenance procedures,etc. During the
system shutdown, the execution managerreturns resources,closesall open sessions
with componerts (or passiatesthem), and takescareto preserne any information or
data which might be required during the next systemstartup.

The executionmanagertakescareto manageinternal work o w (processde nition
for componerts executions)of the system. It is responsiblefor coordinating the execu-
tion order of componerts either by executing hard-caded static execution semartics,
or by executinga dynamicinterpretable de nition of the executionsemartics. Regard-
lesswhich approad is used,the de nition of events can be derived directly from the
de nition of executionsemairics, so another responsibility of the execution manager
is to distribute everts to particular listenersof componerts known to the system.

Finally, the execution manager maintains corversations with componerts. We
recommendto maintain this cornversation through WSMX speci ¢ connectors(called
listeners,which are basedon JMX technology) layering betweenthe core systemand
ead particular componert, which o ers functionality to the system. Listenersenable
connectionsof componerts which might be running in di erent virtual madineson
the samesener or even on completely di erent remote systems. Componerts ful |l
servicesrequestedby the execution manager, while it also takes care to monitor if
componerts work properly (deadlocks, exceptions,etc).

The executionmanageris the \heart beat" of the system.

16
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4.8 ResourcéManager

The resourcemanager (RM) provides an abstract interface which is responsible for
managinga resource(a documert) 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 componert on
the \other side" of the RM to requesta documert or askthe RM to placea documert
into the repository. The resourceor repository is accesseanly by the RM within the
architecture.

It is becauseof this clearly de ned functionality that the RM is able to provide
abstract interfacesenablingead componert to be independent and modular within a
dynamic system. The requesterof any resourceis not concernedwith the repository
but only with the RM; consequetly the individual resourcesand/or repositoriesonly
interact directly with the RM providing the ability for componerts to be pluggable,
independert and modular in a dynamic system. At the architecture level the resource
manageraccesses resourceor repository. It is not until the lower level details of
implemertation that the RM decideswhich repository shall be preferredover another.

4.9 Validator

The validator performssyntactic validity cheds of WSML documerts provided by the
executionmanager. It determineswhetheran WSML documert can be processedand
may corvert it in its internal represetation, for example,by compiling it.

The validator could make use of the WSMO API, which de nes methods for val-
idating a documert againsta certain WSML variant and returning a memory-madel
of the elemerts of the documert. The WSMO API is complemered by a reference
implemertation, which includesa parserto ched the validity of documerts againsta
certain WSML variant.

The validator caneither return anin-memorymodel of the elemerts of the validated
documert, or compileit into its internal represetation, for instanceinto a relational
database.

4.10 Evert Manager

In distributed work o w systemsbuilt of web serviceshe comnunication canbe highly
asyndironous and many things can happen in parallel. Thus it makes senseto base
the internal comnunication on an evernt-basedparadigm. Event-basedcommunication
is enabledby the evert manager. Basically it meansthat componerts do not com-
municate directly via calls but can create everts which then are comnunicated to all
other componerts subscriked to this classof evert. The execution manager, as the
certral componert in corntrol of the processing,is subscriked to all everts by default.
This communication paradigm makesthe usual polling unnecessaryand is thus more
e cient. Additionally, it decouplescommunication from processing(loose coupling,
separation of concerns)and enables exible commnunication patterns (1:1, 1:n) and
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facilitates exible run-time architectures (componerts do not have to be presen, can
join/leave dynamically without having to stop the system,etc.)

An ewvert consistsof the following data: An uniqueidenti er for the even, the type
of the event, and the event state. The type of the event descrikeswhich componert
can handlethe evert and how it shouldreact on it while the state- eld cortains what
happensduring the componert is working, e.g.,if an error occurs. Publish/subscribe
systemscan be classi ed in four main groups accordingto their subscription med-
anisms. These are channel-based,subject-based, object-based (or type-based)and
content-based. The channel-basedapproad is the most common one: ewens are
routed from publishersto subscrikers using logical channels. Channelsare uniquely
identi ed and transmit information from publishersto all subscrikers of that channel.
A publisher can sendan evert to many channels. This model is usedby the CORBA
ewvert service, Enterprise JavaBeanswith the Java MessageService(JMS) API, and
the Publisher/Listener pattern in Java AWT. Every componer, e.g.,the discovery,
mediator, matchmaker, WSML-parser and invoker implemerts an ewert listener. The
execution managerstarts ewery listener and an evert scannerwhich always seardes
for new ewerts in the evert storagewhich were not touched and are not nished, i.e.,
event state shouldbe somethingelsethen\ nished", \error" or\lo cked", which means
that the evert is in use. Thosenew everts are now handledover to the listenerswhich
are responsible for them. The listeners changethe status of the evert and create a
new oneif there is somethingelseto do. To generatenew everts, the componerts just
have to createa new ertry in the evernt storagesothat the evert scannercanread it.
During this processthe history of every event should be storedin order to be able to
reconstructand track the everts through the system.

4.11 Matchmaler

The matchmaker componert performsservicematching betweenonerequestedservice
and one available service.

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

The goal ontology descritesthe ontology of the required product/service and the
rules (axioms) neededfor acceptingand purchasing the product/service. The capa-
bility ontology descrikes the ontology of the o ered product/service and the rules
(axioms) for which a product/service is available to be purchased.

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

Beforeany matching is performed, mediation betweenthe goal ontology and capa-
bility 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 discorery componert is invoked and
also provided with the customergoal ontology.
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The discorery componert is responsiblefor searding and retrieving capability on-
tologiesfrom potertially compatible web services,to be matched with the customer
goal ontology. For searding and retrieving, there are se\eral technologiesavailable,
e.g., P2P technology or triple spacecomputing. The technology usageis to be deter-
mined on the implemertation level.

4.12 Mediation

The mediation could be required at di erent levels to cope with the potential het-
erogeneiy problemsthat may occur, in order to enablethe overall functionality of
the architecture. As a consequencedi erent mediation componerts will handle the
problemsfor ead 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 separatecomponerts: the design-time
componert and the run-time componert. The design-timecomponert o ers support
for specifying mediation operations at design-timeof a system, whereasthe run-time
componert responds to run-time mediation requests,for example, by other compo-
nents. By this, only the run-time componen is explicitly part of the DIP/WSMX

architecture but its performancedependson the design-timecomponert output.

The speci cations for suh a mediation module are provided in [4], covering both
the design-timeand the run-time phase. The design-timecomponert includesa graph-
ical userinterfacethat enablesthe userto de ne a setof mappingsin a semiautomatic
manner. These mappingsovercomethe heterogeneiy problemsexisting betweenthe
given sthemasand they have to be made available in a persistert way in order to be
usedby the runtime componert later.

The design-timecomponert takesasinputs 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 aware of 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 mediated data, in fact, the target instances.

As descrilked in [4], the data mediator may be extendedwith auxiliary modules
that are able to perform lifting/lo wering of both incoming/outgoing XML sdemas
and instancesto/from the ontology and ontology instance levels respectively. These
extensionsare required to overcomethe di erent levels of represetation 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

Semaittic web serviceshave choreographieghat de ne the messagexdangesequence
that hasto be obeyed wheninteracting with them. The choreograply of a web service
is its interface and the invoker has to satisfy it completely Fundamertally, a web
servicede nes preciselyin what sequencet expectsmessageand in what sequencaet
returns messagesReceivingand sendingmessagegan be arbitrarily intertwined. A
web servicerequester,in turn, hasto make surethat it sendsand receivesthe messages
as de ned by a web serviceit requests. Otherwise there would be a mismatdch and
the web servicecommunication would fail completelyor causeinconsisten web service
states.

In general,a web servicerequestercan invoke seeral web services. The order of
thesedi erent 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 discoveredit might be very well the casethat its
choreograply doesnot t the expectedbehavior of a web servicerequesterasde ned
in the orchestration. In this casethe web servicecan either not be invoked at all or the
requesterhasto adjust the messageexcangesin sud a way that the choreograply
of the web servicecan be satis ed. The latter caseis enabledby processmediation
that mediatesbetweenthe web servicerequester'sde ned messagexdangesequence
and the invoked web servicechoreograply. Any messagenismatd (see[1] for details)
must be overcomefor the requesterand a requestedweb serviceto match. Due to the
nature of interfaces,it is not guararteedthat processmediationis possiblein all cases.

For example, super uous messagesave to be discarded, missing messagetro-
duced, or maybe the order of the messagexdangehasto be changed. In analogyto
data mediation a processmediator is \in between"a provider and a requesterin order
to intercept the messagesThe interception enablesto changemessage# necessary

Processmediation is a conceptthat hasbeenidenti ed, howewer, the researt 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 componert hasto be addedto the
architecture that implemerts this conceptevertually.

4.13 Ordhestrationand Choreograph

The componert \Orc hestration and Choreograply” (ORCA) is responsible for the
execution of orchestration aswell as choreograply asde ned by WSMO.

Every web service has a web serviceinterface. A choreograply 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. Howeer, for easeof
discussionin this documen, this would translate into a very simple choreograply,
namely one, that only de nes a single messageexchange. This approad avoids to
make a single-messageveb servicea special caseand all web servicescan be treated
exactly the sameway from an architecture viewpoint. The executionsemanics would
not have to make a distinction either.
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As web servicesare invoked by messagesand responsesare returned to the invoker
through messagesgwery interaction with a web serviceinvolvesORCA. Se\eral types
of messagesvithin one choreograply can be distinguished.

First, a web serviceis initiated by an initiation message.This initiation message
createsan instanceof the web service'schoreograply. Sinceoneweb servicecanbe ini-
tiated seweral times, seweral instancesof its choreograply might executeconcurrertly.
An instanceof a choreograply represems a cortext in which subsequethmessagesre
exchanged. Subsequenh messagesire the secondtype of message.They are charac-
terized by the fact that they are sert in cortext of an existing choreograply instance.
There are two subtypesof subsequehmessagesOneis sert from the web servicebadk
to the requester,e.g.,responsemessagesThe other subtype are subsequehmessages
from the requesterto the web serviceto cortinue the messagexdangewith it.

ORCA is consequetly always involved when messagesire exdhangedin order to
ensurethe correct execution of messageexdanges. This meansthat ORCA is in the
main executionpath of the architecture. Every incoming aswell as outgoing message
will passthrough ORCA to either causethe creation of a new choreograply instance,
the cortinuation of an existing choreograply instanceor in fact the termination of a
choreographinstancein casethe messageavasthe last onethat can happen.

Web servicesalso have orchestrations. An orchestration de nes how a web service
usesother web servicein order to ful ll its functionality. An orchestration can invoke
se\eral other web servicesin sequenceconcurrerly, conditionally, etc. Oncea chore-
ograply is started, and the web serviceto be initiated is determined,it sendsthe rst
messageas an invoker to the web service. In the generalcasea messagesxdiange
follows (seeabove).

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

The architecture and its executionmodel have to assumethat messageexdanges
arenot always correct. For variousreasonst might bethat messagearelost, replayed,
or super uous messagesre introduced. This meansthat either choreographiesmight
be started without ewver being terminated or choreographieswill get \stuck" sinceno
correct messagas received any more. In addition, messagesnight be received that
cannot be dealt with at all sincethey neither cortinue a choreograply nor initiate a
choreograply. The latter caseis an error situation that can be clearly detected. The
former caseis di cult to detectsinceit might always be that a correct messagehows
up after a long time.

4.14 Composition

Composition is the processof designinga work ow of web servicesbasedon their
choreograply speci cations. Suc awork 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 componert. In other casesthe composition must be dynamically computed.
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As nothing in the WSMO/WSMX de nitions precludesthis possibility, the orches-
tration componert can achieve sud a composition, either as a preliminary activity
(the orchestration is computedertirely, then executed),or interleaved with execution.
To summarize,when not external, composition is a sub-activity of the orchestration
componert activity.

4.15 Discaery

Discovery in DIP is deweloped as part of WSMO: WSMO Web Servie Discovery [3]
de nes the methodologicalframework and WSMO Discovery Engine [2] descrikesdis-
covery in a moreimplemertation-oriented view. As we are early in the project, not all
parameterscould be xed already Thus the following descriptionsgive an overview of
discovery but are subject to changeto adjust to the nal versionof discovery in DIP.
Also we will include an approad for the discovery of adaptersin the secondversion
of the architecture documert.

As descriled earlier in Section2.2, the corediscovery processin DIP is limited to
nding abstract web servicedescriptionsthat canful Il a servicerequest. Determining
a speci ¢ concreteservicethat implemerts the abstract serviceis most likely outside
the scope of the discorery componert. Discovery is carried out by matching WSMO
goalsto web servicecapabilities. Goalsenablea servicerequesterto descrike formally
what they want to adiieve independerily of any service,or composition of services,
that may be ableto satisfy the request. Goalshave logical expressionglescribingpost-
conditions and e ects. The post-conditions descrite results expected by the service
requester after the goal has been achieved. E ects are the real-world side e ects
expectedif the goalis acieved.

Web service capabilities descrilke what the serviceo ers and have preconditions,
postconditions, assumptions,and e ects. The sematics of the postconditions and
e ects of the capability are the sameasthosefor the goal. The preconditionsdescrike
constrairts on the input data required by the serviceand the assumptionsdescrike
the state of the world expected for the serviceto execute. The job of the discovery
componert 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 discorery component which serviceregistriesit can
consultto nd semaric descriptionsof web servicesto match requestergoals. An im-
plemertation of discosery may consult with one or many local, remote, or distributed
registriesor another WSMX to carry out the discovery task. Additionally, the discov-
ery componert may require a mediation servicein casedi erent ontologiesare usedby
servicerequestersproviding the goal, and serviceproviders providing the web service
description.
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4.16 Supporting compnerts

Besidesthe major processingcomponerts descrilked so far a number of supporting
componerts are neededto be able to administer, con gure, and manageDIP. Sup-
porting componerts commnunicate with the architecture as givenin Figure 4.1in the
sameway asother nodes,i.e., via WSML messagesThus we have a uniform interface
and a exible way to add new supporting componerts.

A preliminary list of supporting componerts include:

WSMO/WSML editor

Con guration manager(user preferencesgeneralcon guration, etc.)
Security policy editor

Trading partner managemen

Semarnic web servicesdeployment

Etc.
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5 Sequence diagrams based on use cases

This section provides a closerlook on key interactions in the DIP architecture by
providing the related UML sequencealiagrams.

5.1 Discwery

Servicerequestersare forced to discover web servicesbeforethey can invoke them if
a desiredserviceis not known already Figure 5.1 shows a userrequestto discover a
serviceusing a goal description.

Figure 5.1: Interaction diagram of discovery

The requester lls out a goaltemplate rst to specify the desiredserviceshe/heis
looking for. The goal is then sert to the WSMX system, through an adapter if the
requesterneedsto adapt its messageo WSML, asa \discover" request. The WSML
messagencludesthe goal, the user'sontology, and the input parametersgivenin the
user'sontology. The receiver handsover the \discover" requestto an instance of the
discovery serviceusing an instance of the correspnding choreograply. The discovery
componert chedks if it canful ll the requestlocally or not. If yes,it returns a list of
matching servicesto the requester,otherwiseit usesan external discovery componert
to nd matching web servicesby invoking a servicethrough the invoker. This external
discovery componerts areindependert of WSMX and canalsobe usedwithout 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 doesnot match
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the user'sontology, the requesterasksthe WSMX systemto mediate betweenthe two
ontologies. Figure 5.2 shavsthis situation to to mediatedata adheringto tow di erent
ontologies.

Figure 5.2: Interaction diagram of mediation

The requesterprovides the data to mediate, the used ontology, and the service
identier in a WSML messagewhich is generatedby an adapter if necessary The
WSMX system cheds 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 caninvoke the service.

5.3 ServiceExecution

Figure 5.3 shavs the interaction betweencomponerts during the executionof a simple
scenarioassumingthat the requesterhas already discovered the desiredweb service
and the data was mediated accordingto the serviceontology. We assumethat the
serviceto 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 messageWe assumethat the requestercan invoke servicesusing WSML or it
knows an adapterwhich translatesrequestemrequestsinto WSML invocations. WSMX
only understandsWSML but provides a framework for adaptersand their de nition.
The receiwer of the local WSMX system transforms the requestinto an internal
represemation, beforethe choreograply componert is taking over. A newinstanceof a
servicechoreograply and implemertation is createdand initialized with the provided
input parameters. The serviceimplemertation 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 componert to executea sequencef other services.
Choreographiesare represemations of serviceimplemertations for serviceinvokersand
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provide the communication API to interact with a service.On the other hand, service
implementations extend a WSMX systemat serviceproviders to ful Il \real-world"

actions. Composedservicesare alsorepreseted by implemertations de ning the order
of executions,messagénputs and outputs, etc. and are usedby servicerequesterseven
if a composedserviceonly consistsof one service. The executionitself is handled by

the orchestration componert which executesthe service(sequetially or concurrertly,

syndironously or asyndironously). The involved servicescan be local or remote. A

choreograply instanceis createdand initialized for ead invoked serviceof a compo-
sition regardlessif the serviceis local or remote. The choreograply componert uses
the invoker to call the serviceusing a WSML message. If a service provider does
not support WSML an adapter is usedto createthe required format. Otherwise the

messages tunneled by the adapter (the adapter is transparert).

The interactions betweenthe WSMX componerts at the serviceprovider side are
symmetric to the service requesterside. Therefore the WSMX componerts of the
serviceprovider sideare omitted in Figure 5.3. The serviceresults are returned to the
servicerequester(through the adapter if necessary).After all servicesof a composed
servicehave beenexecutedor a serviceimplemertation of a local servicewas executed
the results are returned to the requester.
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Figure 5.3: Simple exampleinteraction diagram
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To illustrate the interactions given in Figure 5.3 and simplify understanding, Fig-
ure 5.4 shows a usecaseexamplefor the above descriked interactions betweenWSMX
componerts and WSMX systems.

)

User A OEBB

LI}

Post

é(
AN & A
- O

Figure 5.4: Use caseexamplefor the simple interaction example

A useris booking aticket for atrain trip at OEBB, the Austrian railway compary,
using her/his VISA credit card and the ticket shouldbe shippedto her/his addressvia
mail. Postis the Austrian mail compary. The user,the OEBB, and VISA areusingthe
WSMX systemto invoke and provide web services.The Post provides a shipping web
serviceby running an application sener, i.e., the web servicesare de ned in WSDL.

First, the usererters her/his trip parameters(departure, arrival, VISA credit card
information, useraddress,etc.) using a graphical userinterface (GUI) represetation
of the web service(1). The GUI application knows an adapter to transform this input
into a WSML messagd?2) which is sert to the local WSMX system of the user (3).
The WSMX systemcreatesand initializes a new choreograply instancefor this request
and detectsthat an OEBB servicehasto be invoked. As only oneremote servicehas
to be invoked a simple orchestration is created cortaining only the OEBB booking
servicebook. The orchestration componen executeshis composedserviceand creates
a choreograply instancefor OEBB.book which will invoke and interact with the service
provider. The choreograply knows from the servicedescription that OEBB is using
WSMX and sendsan WSML messagevia the invoker (4).

The WSMX systemat OEBB createsa choreograply instance for OEBB.book to
handle the received request. To simplify understandingwe use an informal represen-
tation. Still, the readershould have Figure 5.3in mind while walking through this use
case.

The serviceis composedof 3 services:OEBB.reserveto resene a seatfor a given
train, VISA.bill to bill auser,and Post.shipto shipthe ticket. First, the OEBB WSMX
orchestration componert processeshe rst serviceof the composedserviceto resene
the desiredseat. Thereforeit createsa newchoreograply instanceof the OEBB.reserve
serviceand invokesitself by sendingan WSML messagg5). The received message
createsa secondchoreograply instanceof OEBB.reservewhich will executethe service,
l.e., adding the booked seatin 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 resenation con rmation is returned to the invoking choreograply
which will inform the orchestration componert to cortinue with the next serviceof the
composedservice OEBB.book. The next servicesare executedin parallel (indicated
by <par> in Figure 5.4).

A WSML messages sert to the VISA compary (7) to bill the user. As VISA
is also using the WSMX systemand VISA's billing serviceis not composedby other
services OEBB sendsa WSML messagaot requiring an adapter and VISA executes
the serviceimplemertation to withdraw the given amourt of money from the users
accourt (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
messagdor Post (8). This adapter is known to the OEBB systemand usedby the
choreograply instanceat OEBB. The application sener at the Post executesthe re-
guestand the ticket will be shipped to the usersaddress(9).

Figure 5.5 shows the interaction of an WSMX systemwith an application sener
providing servicesde ned in WSDL. The WSMX componerts and interactions are
equivalert to Figure 5.3. The di erence in this exampleis that the adapterat the right-
hand sideadapts WSML message$o WSDL messageand vice versato communicate
with the application sener.
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Figure 5.5: Simple exampleinteraction diagram with an application sener using

WSDL
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5.4 Securiy

As security is a key concernin DIP, Figure 5.6 shovs an example,wherean incoming
messagas rst decrypted, then authenticated and if thesetests verify OK, it is for-
wardedfor further processing.This is the basicprocessingor all requeststhat require
enhancedsecurity

- — — —

T |

Figure 5.6: Security processing
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6 Summary and conclusions

In this documert we have de ned the rst versionofthe DIP architecture. The cortri-
bution of this deliverableis to provide the basicdescription and the basic framework
of the open web servicesarchitecture which is one of the three main goalsof the DIP
project. This is a key issueto enableinteroperability. Thusthis deliverableis relevant
to all technical work padkagesin DIP (WP1{WP5). In conjunction with deliverable
6.3, this deliverable provides the interoperability guidelinesfor all componerts dewel-
opedin DIP.

We have descriked the current standard \triangle” model of web servicesand how
we ewlve this architecture into the DIP architecture supporting semairtiic web ser-
vices. The key extensionis that the three party model is extendedinto a v e party
model by adding a discorery and a mediation party. Basedon this model we have
descriked DIP's internal architecture for nodes (WSMX). WSMX is an event-based,
dynamically con gurable framework for supporting the de nition and processingof
semaittic web services. We have descrited the individual componerts and provided
detailed discussionsof the processingof semanic web servicesin this architecture.
The major interactions have beendiscussedand have been semi-formally de ned in
UML sequencaliagramswhich enablethe readerto understandthe architecture and
its application in concretescenarios.The scenarioswe usedin the sequencaliagrams
were derived from the DIP usecasesand generalized.

Architecturesde ned in the courseof projects asthe oneprovided in this documen
are to be seenas \living" documerts. The architecture de ned in this documert
is not nal yet as we have to ervision possible changesand adjustmerts that will
surface during 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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