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Summary

The objective of work-package 3 will be to employ the ontolggand Semantic Web in-
frastructure by adding semantics to the web service descriptio his deliverable D3.4
addresses orchestration and business process ontology that israpartant component

for the Semantic Web and Web Services usage and as consequeunsed for several
purposes in DIP. In this context, the D3.4 aims to de ne the fomalisms and build an

orchestration and business process ontology that will providén¢ basis for advanced
guerying, reasoning and constraints implementation to be used web services com-
position. Disclaimer: The DIP Consortium is proprietary. Thee is no warranty for

the accuracy or completeness of the information, text, grapds, links or other items

contained within this material. This document represents te common view of the
consortium and does not necessarily re ect the view of the indiual partners.
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1 Introduction

This deliverable aims to provide a rst conceptualisation andasic platform for an or-
chestration and business process ontology. An orchestration des the sequence and
conditions in which one Web Service invokes other Web Sergg in order to realize
some useful function. That is, an orchestration is the pattern ahteractions that a
Web Service agent must follow in order to achieve its goal. [8Yeb services are de-
signed having behind them business processes that have accesséecettierior world by
the web services interfaces. Web services describe themselvetheoWorld Wide Web
by exposing their capabilities, described in a semantic mannem order to compose
several web services, a clear conceptualisation of the formaliand implementation for
achieving the desired results is needed. The work done in thigliberable focuses on
the conceptualisation and formalism side of composing web seesgcdhat are semanti-
cally described. The semantic description formalism used is WSMghd the semantic
language considered is WSML.

1.1 Deliverable approach

Proposed Approach

The approach taken within the DIP consortium is a combinationof WSMO/WSML
Abstract State Machines (ASM) (see details in DIO appendix) metanodel approach
and an ILOG composer approach. This joint approach has beenwdoped using the
DIP case study needs and the practical challenges to design andate an orchestra-
tion to be executed in semantic web services platforms (as WSNaad IRSIII).

Motivation

WSMO/WSML ASM based ontology modelling has been used because st ¢onsid-
ered to be the minimal approach to modelling orchestrationsnd it allows the states
that business processes need to go through to be captured in anaagical manner.
However, a high level modelling approach is also needed to allthe user to easily de-
ne and generate orchestrations. Therefore, the ILOG composapproach provides a
UML2 graphical interface along with UML2 to ASM mappings that alows translation

from UML2 to ASM and WSML ASM. This approach has been also designedking

into account the prototype needs in DIP WP6 and both of the WSND compatible ex-
ecution environments that are used in DIP: WSMX and IRSIII. Inthis respect, while
WSMO/WSML (ASM) formalism is executable by both execution enironments, the

ILOG composer will interconnect with WSMX and IRS Il to provide orchestrations
needed for the case studies implementations.

Strategy

Based upon the identi ed requirements, we de ne an approach ffan orchestration
interface description and properties, and based on the UML2AD-WM. mappings
de ned in DIO appendix we generate an example orchestratioready to be executed
by WSMX / IRS Il1.

The contributions of the present work are 1) the realization foa joint methodology
approach using WSMO/WSML (ASM) and the ILOG composer for creatig generic
orchestrations and 2) the creation of an example to be used byseastudies partners to
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generate their own orchestration. Our approach here is to alv the DIP case studies
to build their own speci ¢ orchestration, allowing them to be exible in building their

own orchestration constructs. In the next section 1.2 the documeorganisation is

described.

1.2 Organisation of the document

The present deliverable is structured as followings: after thaatroduction section,
descriptions of requirements and approach are provided in s§ea 2. There, the or-
chestration big picture is detailed together with the requiements for an Orchestration
Interface descriptions as well as an approach for Orchestrati interface description.
Then, section 3 provides the ontology interface descriptionfycusing on Orchestration
Interface properties, Orchestration types and intended towlg support. In section 4, a
sample orchestration is provided to be used as an example for cagalies and also as
input for the orchestration component in WSMX for testing purpses. The case studies
are expected to design their own orchestrations, based upon theample described in
section 4 with the help of the available tools in DIP. Finally onclusions are issued and
recommendation for future work. Speci cally for the orchesation deliverable D3.4
(as well as the choreography deliverable D3.5) is the commadescription ontologies
and language document attached as an appendix, called Dipgénface Description On-
tology (DIO). In DIO, all language related issues necessary foramestration but not
necessarily related to the conceptual work are described. Alsdated work concerning
orchestrations is listed in DIO, section 7.
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2 Requirements and Approach

Orchestration provides a technique that allows service pralers to realize the func-
tionality of a Web service by composition of other Web services. #ell-established
mechanism to achieve service compositions in such contexts iskwow, as reviewed
in the accompanying DIP Interface Description Ontology doament.

The two major issues to be addressed in applying this work in DIP,vere services
are described in a WSMO compliant fashion, is what formalism we stild like to use,
and how to cope with speci ¢ characteristics of WSMO services. Else latter consist
particularly in the constraint of valid interactions with th e services being composed to
those governed by formally speci ed choreographies, and thequerement to support
capability-based invocation.

2.1 The Big Picture

Orchestration provides a technique that allows service pralers to realize the func-
tionality of a Web service by composition of other Web services. Aorchestration:

describes those aspects of the internal business process of a WeakiG&ewhere
functionality of other Web services is utilized;

decomposes the functionality into discrete parts;

may attach existing services directly to some parts in order tochieve the de-
composed functionality;

may describe other parts of the decomposed functionality apalsto facilitate
capability-driven execution at run-time;

constrains the control ow between the decomposed parts of fationality in
work ow style;

de nes the data ow between the decomposed parts of functiofity;

denotes the multiple service interaction by one entity, whit may be described to
clients by its own choreography, abstracted from the orchesttion description.

This is illustrated in Figure 2.1.

On the other hand, a choreography for such a composite serviceedonot detalil
the decomposition, and describes the client's point of view whein the service is
atomic and the only data- ow and control- ow is that which concerns interaction with
the client. Hence by describing a choreography for the compasifunctionality, and
de ning an orchestration engine capable of executing it, aieint can access this as
they would any other service.

The orchestration continues as part of the service interfackpwever, as a client may
carry out reasoning over this description. In particular, sine we allow these design-
time orchestrations to be under-speci ed via goals, they mighike to know which such
sub-goals have to be achieved, and under what constraints, féretservice functionality
to be provided. Furthermore the interface is also availableotother services which may
reuse the orchestration within their own de nition.

3
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Figure 2.1:. Orchestration Overview

2.2 Requirements for Orchestration Interface Descrgption

While WSMO has de ned that orchestrations should be describesdfmally as ASMs
| and can be interpreted as implicitly requiring that goals, and not just services, must
be orchestrated over | there are several more speci ¢ requirentés that result from

our detailed investigation in this area, and from the speci ¢ pentation of DIP. Each

of the following requiments is introduced with its motivaton:

1. Two species of Orchestration
In order to facilitate the inclusion of goals in orchestratins, we distinguish two
separate types of these:

Design-time orchestration : may nominate its component parts, and
specify the message exchange and propagation of control betweboth

goals and speci c identi ed services. Any orchestration attacheto a service
interface is, by de nition, a design-time orchestration.

Execution-time orchestration : may nominate only identi ed services,
and speci es data and control ow in the same manner. An executistime
orchestration is formed in the orchestration engine to be exeted. This
may involve discovery of services to meet goals (but if no taskeeaspeci ed
as goals, it may merely be identical with the design-time orcke&ation).

2. Work ow-like features
In order to design intelligible and e cient compositions ofservices interaction
with which may be long-lived, it is necessary that we support adwced control
ow features. In particular, it is not appropriate to build only on sequential com-
position and choice, and must allow concurrency features coromin work ow.

3. Work ow Patterns
In order to facilitate communication with the research commmity, where our
approach will be compared to others, it is important that we ca express our
work ows in terms of the common vocabulary of Work ow Pattems [12], and
know how expressive our orchestration language is in these terms.

4
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4. Graphical Representation
In order to facilitate communication with the software engieering community
who will ultimately form a large proportion of the service proiders under our
architecture, it is important that we can express out work ows in a familiar and
visual manner.

5. Ontologies as Data Model

In order to be dealing with services that are speci cally semtic web servicesit
is fundamental that ontologies are used as the underlying datmodel (see [4], [8].
This means that all resource descriptions are to be based on dofgies, and all
data elements interchanged between client and Web service wsll as between
Web services are to be ontology instances. Thereby, support fdret Semantic
Web is assured inherently, and the basis for semantic interopéiaty as well as
advanced information processing is given [3].

6. Formal Description
In order to enable advanced, inference-based mechanisnrsafistomating the Web
service usage processgve require formal behavioural semantics for orchestration.
Taking into account both choreography and orchestration, @ central reasoning
task within our approach, commonly referred to as conformagctesting, is to
determine whether for service consumption the interaction @f client and a Web
service can be achieved successfully, respectively the interastof Web services
for achieving a functionality via an orchestration [11]. Andber reasoning task
iIs concerned with resolving process level mismatches that haempsuccessful
interaction [1]. To formalise both conformance and safety pperties it is required
rst to have a formal description of behaviour in which state, ad potential to
communicate at each state, can be judged.

Such techniques provide the actual benet of semantic beharial descriptions

of Web services, as syntactic service descriptions do not supportkueasoning
tasks. The pre-requisite therefore is a sound formal model withhambiguous

semantics for describing the dynamics within choreographyterfaces and orches-
trations. This formal model should be appropriate with respecto the dynamics

that can occur in Web service interface descriptions, and it shtwlintegrate on-

tologies as the data model for the information that are to benterchanged.

2.3 Approach for Orchestration Interface Descriptions

While we discuss orchestration interface descriptions and regpige modeling con-
structs in the next section in more detail, the following depis the structure of the
layered description languages that we develop with respect te requirements deter-
mined above. This consists of the following elements whose imedations are depicted
in Figure 2.2.

Starting from the top, we have chosen UML2 Activity Diagrams askhe graphical
user language that is to be supported by respective tools for #dg and managing Web
service interface descriptions. Ontologies are used in the UML2 thaty Diagrams as
the data model for the information that is to be sent or receiwé within an interface

5
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Figure 2.2: 2-Layered Description Languages for Choreogrgpand Orchestration
Interfaces in DIP

de nition. Apart from being a graphical user language that is bsigni cant familiarity
to the engineering community, UML2 Activity Diagrams support many of the major
Work ow Patterns as required [13].

As the formal model for semantically describing orchestratiomierfaces, we use so-
called ontologized Abstract State Machineas the approach developed within WSMO
for semantically describing the dynamics of Web service intade de nitions [10].
While explaining the structure and semantics of this languagm the accompanying
document \DIP Interface Description Ontology" in detail, we denote the following
bene ts of this approach: (1) ontologies are inherently suppted as the data model,
(2) the approach is inherently integrated with other aspectfor semantically describing
Web services as de ned in DIP ,and (3) the language serves as asisafor respective
execution technologies for client-service as well as servgagvice interaction.

It is to be noted that this general language structure is the saenused for describ-
ing choreographies. Thereby, the orchestration descriptioariguages extend the one
for choreography interfaces with additional constructs (seBIP deliverable D3.5 \An
Ontology for Web Service Choreographies™).
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3 Orchestration Interface Descriptions

On basis of the preceding examinations, this section explainenceptual aspects of
orchestration interface descriptions in DIP. We rst explain ad rationalize the rel-
evant aspects of orchestration interface descriptions in deétaconcentrating on the
distinction between design-time and execution-time orchesttions, then outline how
orchestration descriptions can be created, and nally outlia the intended tooling sup-
port for orchestration-related aspects in DIP.

3.1 Orchestration Interface Properties

In general, we say that DIP orchestrations have the followingrpperties:

Decomposition of Web Service functionality

Through an orchestration we can hominate a set of components etltomposition
of which will lead to an intended functionality. As well as sernces and goals, we
allow as rst-class members of the work owmediators between them. Whereas
the interaction with goals and services is abstracted to messaggchange, we
view mediators as being atomic operations that can be achexlocally and in
negligible time.

In terms of message exchange, an orchestration can be viewed mslastraction
of a complex and interleaved set of message exchanges with nplétiparties into
a simpler exchange which a client can make with the composite gee as a sole
point of contact.

Control and Data Flow

While ASMs allow one to specify the structure of a computation irterms of
information ow | and the ontologized version, as discussed in the \DIP In-
terface Description Ontology”, allows one to specify this ovean ontology |
users or agents carrying out service composition will want to ason about the
control ow and data ow over the high-level tasks, rather thantheir realisation
via low-level rules.

For this reason, a higher-level model is supported from whichencan translate
down to ontologized ASMs. The use of rst class mediators betweenessage
exchanges is particularly useful in this regard, being a badisr connection at a
level removed from message exchange.

Graphical Representation

The UML is a very well-established formalism in the software engaering com-
munity, representing both the statics and dynamics of softwaréom an object-
oriented perspective. The UML Activity Diagrams language remsents the dy-
namics of multi-party interaction.

The ability to express a good proportion of Work ow Patterns 2], a common
vocabulary giving semantics to the common features of a largarvey of work ow
languages, has recently been published [13].

In this language we can express: mediators as actions, messagdange as
signals, which specialise actions, data ow and control ow as UME' Object
Flow and control ow respectively.
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3.2 Orchestration Types

In order to provide the bene ts of capability-driven serviceinvocation within the con-
text of orchestration, it is necessary that we support the concépf goals. By allowing
goals to be components within orchestrations, we allow the posgity that the discov-
ery and selection of services to compose can be based on input d&arthermore, we
can account for a changing context of available services, etaely “late-binding' the
services based on those available at execution time.

Figure 3.1: Abstract Orchestration as 'Process of Goals'

Figure 3.1 illustrates how we might build the “virtual travelagency' example (VTA)
as an orchestration over goals concerning locating and boogi ights and hotels. Note
that even if component services are not available to deal witthe various goals in all
geographical contexts, this design-time orchestration may Btdeclare this capability
and provide an abstract plan for achieving this, parameteriseith such goals.

At execution time, a design-time orchestration that has no sucharameterisation
in goals may be taken directly as the execution-time orchestiion and given to the
orchestration engine for execution. A design-time orchestian that contains goals,
however, uses those goals as the basis of discovery thus e ectorgthe-y service
composition.

The general case is that both goals and mediation requiremeninust be bound
at execution time. As well as data mediation requirements ekpitly declared in the
orchestration, it may be necessary to carry out process mediatibetween the interac-
tion that has been declared and the choreography of each digered service. Figure 3.2
illustrates how each message exchanged with a goal might map taltiple mesages.
Furthermore, multiple goals may map onto the same under-lyqservice.

The intention in our de nition of orchestration is that the execution will be gov-
erned by an orchestration engine that will execute the ASM whicresults from trans-
lating the execution-time orchestration. The initial step inthis engine will involve the
creation of an instance of the choreography engine for eachhqmonent service. The
message exchange declare in the orchestration will then be dedr out against the
relevant instance of the choreography engine.

8
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Figure 3.2: Executable Orchestration as 'Process of Operatig )

3.3 Intended Tooling Support
3.3.1 WSMX

An orchestration engine, of the form explained above, will beesteloped within the
WSMX environment during the deliverable D4a.20. This will tilise the existant
WSMX Choreography Engine, and thereby Process Mediator, wdfi enables inter-
action with a service by mediating between choreographiesof a client and from a
service point of view. One view of the client choreographiegstribed in Deliverable
D3.5 \An Ontology for Web Service Choreographies” is that thesshould be attached
to the goals in design-time orchestrations to form such a clieqoint of view.

3.3.2 IRS-IlI

Capability-driven invocation is one of the central principes of IRS, and the o ering of
pre-de ned goals, backed this capability-driven brokeragef services to meet them, is
its primary task. A related principle is that goals should strogly abstract from the
interaction properties of services, and all goals are viewed @ne-shot',.e. processing
a set of inputs to provide output as an atomic operation. The mcess mediation of
external deployed services is also seen as a brokerage task, actiemt choreography
Is a necessary part of all published services within the IRS.

Existing work on orchestration in IRS [2, 6] has considered thesa of the OWL-S
process model [7] as a work ow-oriented means for service camjiion. This is an
appropriate model for the “one-shot' approach to services amggals, while the notion
of client choreography lIs that gap between this view and s&ices that have complex
interaction demands expressed by their own service choreognags.

The new language Cashew, discussed as future work in \DIP Inteda Descrip-
tion Ontology", will form an extension and rationalisation ofthis form of ontologized
work ow-oriented model, and will be the basis of a full implerantation in IRS, with
a translation from the UML Activity Diagrams model being the input route for tools
that deal directly with this model.
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4 Example

This section provides an exemplary speci cation of orchestr@n descriptions using
the developed description languages. For language syntax andnsetics, we refer to
the accompanying document "DIP Interface Description Ontalgy" that speci es the
common description language for choreography and orchesimt interfaces.

4.1 The Shipper-Producer Usage Scenario

For illustration purpose we apply the shipper-producer examplde ned in [9]. This
has been chosen because the scenario covers both choreograpiay aachestration
descriptions as well as the correlation between them. Besid#ésis use case is applied
for illustrating the DIP Web service composition tool - which isstrongly correlated to
orchestration descriptions as the result of the composition pcedure.

The following given a brief overview of the setting:

The orchestration is the coordinator of the interaction betwen user, producer,
and shipper Web services.

The user Web service sees the orchestration as a single service fedmch it can
purchase a product and have it delivered.

Both the producer and shipper see the orchestration as a requesté its service:
either the sale of a product or the delivery of some goods.

The orchestration descriptions are provided below, while thehoreography inter-
faces are provided in DIP deliverable D3.5, \An Ontology for Wb Service Choreog-
raphy".

4.2 Orchestration Description in User Language (UML2AD)

This section includes two orchestration examples for the Shppr - Producer. Each
one is based on a variant of the choreographies as de ned in B3.In the rst one,
gure 4.1, the answer is packed into one message, whereas on @ur.2, the answer is
unpacked in two di erent messages whether it's a positive or a gative answer.

4.3 Orchestration Description in Formal Language (ASM)

This section includes the orchestration depicted in Figure Z.above expressed in ontol-
ogized Abstract State Machines. The example invokes the prodercWeb Service upon
receiving a product speci cation from the user Web Service anithvokes the shipper
Web Service upon receipt of a destination from the user Web Se® and product
size included in a producer o er from the producer Web Servicelt combines o ers
and con rmations from the shipper and producer Web Servicesto "global' o ers and
con rmations, and unpacks a user answer into separate answers toe shipper and
producer.

10
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wsmlVariant _"http://www.wsmo.org/wsml/wsml-syntax/w sml-flight"

namespace { "http://www.wsmo.org/ontologies/spChoreo  graphies#", sp
_"http:/lwww.wsmo.org/ontologies/supplierProvider#" , corp
_"http:/lwww.wsmo.org/ontologies/corporate#", pSWSDL
_"http://lwww.wsmo.org/ontologies/providerSupplierWS DL#" }

/*

* There is no format for definition of orchestration that
* passes the validator. The following form is used.

*/

webService _"http://ontologies.deri.org/spWebService "

/I Supplier-Producer Choreographies:

interface spUserInterface orchestration productShippin gOrchestration
stateSignature productShippingOrchestrationSignature
guardedTransitions producerShipperOrchestrationRules

stateSignature productShippingOrchestrationSignature

in {
sp#productName withGrounding
spWS#wsdl.interfaceMessageReference(
SP_PortType/pSWSDL#productName/In),
sp#destination withGrounding
spWS#wsdl.interfaceMessageReference(
SP_PortType/pSWSDL#destination/In),
sp#shipperOffer withGrounding
spWS#wsdl.interfaceMessageReference(
SP_PortType/pSWSDL#shipperOffer/in),
sp#globalAnswer withGrounding
spWS#wsdl.interfaceMessageReference(
SP_PortType/pSWSDL#userAcknowledgement/In),
sp#producerAnswer withGrounding
spWS#wsdl.interfaceMessageReference(
SP_PortType/pSWSDL#producerAnswer/In),
sp#shipperAnswer withGrounding
spWS#wsdl.interfaceMessageReference(
SP_PortType/pSWSDL#shipperAnswer)
sp#producerConfirmation withGrounding
spWS#wsdl.interfaceMessageReference(
SP_PortType/pSWSDL#producerConfirmation/In),
sp#shipperConfirmation withGrounding
spWS#wsdl.interfaceMessageReference(
SP_PortType/pSWSDL#shipperConfirmation/In)

}

out {
sp#producerRequest withGrounding
spWS#wsdl.interfaceMessageReference(
SP_PortType/pSWSDL#producerRequest/Out),
sp#globalOffer withGrounding
spWS#wsdl.interfaceMessageReference(
SP_PortType/pSWSDL#globalOffer/Out),
sp#globalConfirmation withGrounding
spWS#wsdl.interfaceMessageReference(

11
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SP_PortType/pSWSDL#globalConfirmation/Out),

sp#compositeGoal withGrounding
spWS#wsdl.interfaceMessageReference(
SP_PortType/pSWSDL#compositeGoal/Out)

}

shared {
sp#shipperRequest withGrounding
spWS#wsdl.interfaceMessageReference(
SP_PortType/pSWSDL#pSRequest/Shared),

sp#producerOffer withGrounding
spWS#wsdl.interfaceMessageReference(
SP_PortType/pSWSDL#producerOffer/Shared)

}

guardedTransitions producerShipperOrchestrationRules

if (?request[product hasValue ?product,
quantity hasValue ?amt] memberOf sp#productName)
then ((invoke sp#producerRequest) /I (Choreography uses ?  request)
and
(add(_#[product hasValue ?product,
quantity hasValue ?amt] memberOf sp#producerRequest)))
/I other details may be generated

if ((?pOffer[request hasValue ?request,
acceptReject hasValue sp#acceptance,
productSize hasValue ?pSize] memberOf sp#producerOffer) and
(?location memberOf sp#destination))
then ((invoke shipperRequest)
and
(update(?pOffer[acceptReject hasValue sp#processed])) )

if ((?pOffer[request hasValue ?request] memberOf sp#prod ucerOffer) and
(?sOffer[request hasValue ?request,
acceptReject hasValue sp#acceptance] memberOf shipperOf fer))
then
update(?request[acceptRejectOffer hasValue
_[producerOffer hasValue ?pOffer,
shipperOffer hasValue ?sOffer]
memberOf sp#globalOffer])

if (?response[acceptReject hasValue ?userAcceptance,
request hasValue ?request] memberOf sp#globalAnswer)
then
((add(_[acceptance hasValue ?userAcceptance,
request hasValue ?request] memberOf sp#producerAnswer)) and
(add(_[acceptance hasValue ?userAcceptance,
request hasValue ?request] memberOf sp#shipperAnswer)))
/I If the user acceptance has separate details for shipper an d producer,
/I they should be separated here.

if (?response[acceptReject hasValue sp#reject,
request hasValue ?request] memberOf sp#globalAnswer)
then
(add(_[request hasValue ?request,

12



FP6 { 507483
Deliverable 3.4

succeed hasValue sp#failure] memberOf sp#compositeGoal) )

if ((?prodConf[request hasValue ?request] memberOf sp#pr  oducerConfirmation) and
(?shipConf[request hasValue ?request] memberOf sp#shipp erConfirmation) and
(?response[acceptReject hasValue sp#accept,
request hasValue ?request] memberOf sp#globalAnswer))
then
((add(_[request hasValue ?request,
shipConfirmation hasValue ?shipConf,
prodConfirmation hasValue ?prodConf]
memberOf sp#globalConfirmation))
and
(add(_[request hasValue ?request,
succeed hasValue sp#success] memberOf sp#compositeGoal)))

/Il The following are not included in the diagrammed orchest ration:

if (?pOffer[request hasValue ?request,
acceptReject hasValue sp#rejected] memberOf sp#producer Offer)
then ((add(_[acceptReject hasValue sp#rejected] memberO f sp#globalOffer))
and
(add(_[request hasValue ?request,
succeed hasValue sp#failure] memberOf sp#compositeGoal) ))
/I If producer rejects the request, prepare a rejection for t he user
/I as the Global Offer and define the goal as having failed.

if (?sOffer[request hasValue ?request,
acceptReject hasValue sp#rejected] memberOf sp#shipperO ffer)
then ((add(_[acceptReject hasValue sp#rejected] memberO  f sp#globalOffer))
and
(add(_[request hasValue ?request,
acceptance hasValue sp#rejected] memberOf sp#producerAn swer))
and
(add(_[request hasValue ?request,
succeed hasValue sp#failure] memberOf sp#compositeGoal) ))
/I If shipper rejects the request, prepare a rejection for th e user
/Il as the Global Offer and for the producer as a Producer Answe r,
/I and define the goal as having failed.

The last two rules (‘guarded transitions') in the orchestrationcover the case of
rejection of the product request or the shipper request by the pducer or shipper
respectively. In either case, the "global o er' is a rejectioand the overall goal fails. If
the producer rejects the request, then no shipper request is teged (or appropriate).

The orchestration invokes the other services under the approgte conditions and
calculates inputs needed by their choreographies if that thais not directly available.

The orchestration depicted in UML diagram Figure Ops Packed, & interpreted
as follows:

* Upon receipt of a Product Name from a user, the producer service invoked and
a producer request is prepared. Because a producer request woubrmally specify
the quantity of product as well as the name of the product, thee two components
are assumed to be able to be extracted from the Product Name messaget by the
user and are incorporated into the generated Producer Request Once a Producer
O er and a destination are received, a shipper is invoked. Althggh not included in
the diagram, the assumption is that the request has been accepteThis is shown

13
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in the orchestration by a ag in the Producer O er. The change in state once the
shipper is invoked is signaled by modifying the request status gafrom "accepted" to
"processed". * Once a Shipper O er has been received, it is medywith the producer
o er to produce a Global O er, which the user choreography cannput. Again, the
assumption that the shipper has not rejected the request is madepdicit. * Once
a Global Answer is received from the user, both a Producer Answeram Shipper
Answer are extracted so that the appropriate services' choreogfsies can handle them.
* |f a Global Answer is a rejection, the Composite Goal is designed a faliure. * If a
Global Answer is an acceptance and con rmations are receivewii both the shipper
and producer, a Global Con rmation is created for the user anthe Composite Goal
is designated a success.

14
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Figure 4.1: Shipper-Producer Orchestration in UML2AD (Packed\nswer)
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Figure 4.2: Shipper-Producer Orchestration in UML2AD (Unpacke Answer)
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5 Conclusions

In this deliverable we described our vision on web services oesttration (composi-
tion) providing an overview of its internal structure. The reguirements needed for
an orchestration interface have been listed, di erentiatingoetween design time and
execution time orchestration. This highlights the need for ark ow-like features and
patterns, emphasizing the importance of a graphical represexiton, ontologies usages
and nally, the need for a well de ned formal description. Theapproach for an or-
chestration interface description has been discussed, with engsis placed on web
services decomposition functionality, control and data ow ad also graphical repre-
sentation. The intended tooling support has been presented,guiding details over the
two WSMO reference implementations that are WSMX and IRS llland in particular
over their current and future orchestration implementationapproaches. An example
(shipper-producer usage scenario) has been provided, showirghothe UML2AD or-
chestration representation and the WSML ASM formal language deription of the
example. All language related aspects and related work havedpedescribed in the
DIP interface Description Ontology (DIO) document, attachel to this deliverable.
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