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Summary

This deliverable speci es the ontology for describing Web saoe choreography inter-
faces in DIP.

Choreography is concerned with the interactions of Web seoés with their users
in order to consume a Web service. Our approach considers thedarface of a Web
Service as the most relevant aspect. We de ne a conceptual méding with a multi-
layered language for describing choreography interfacesdarlated aspects. Following
the methodology for de ning description models of OMG's Metdbject facility that
is also used in WSMO, this represents a meta-model layer ontojog

The deliverable contains:

requirements analysis for choreography-related descripti® in Semantic Web
services

the conceptual model taken for choreography-related degations in DIP

detailed de nitions of the aspects of choreography-relatedescriptions in Seman-
tic Web services and respective modeling notions de ned withiDIP

an extensive example for modeling choreography-related degtons within the
commonly referred shipper-producer usage scenario

The deliverable is accompanied by the document "DIP Interfiae Description On-
tology" that speci es the common description language for clieography and orches-
tration interfaces.

Serving as the speci cation for describing choreography-etkd aspects of Semantic
Web services within the DIP project, this document is expecteto be used in the
following DIP deliverables:

D4.11 WSMO Studio v2

D4.15 Goal-oriented composition prototype

D5.3a Business process level mediation module speci cation

D5.4 Business data and process-level mediation module protog/pl
D5.5 Business data and process-level mediation module protog/p2
D6.13 Architecture prototype v3.0

D6.14 WMSO API v2.0

D9.10 GIS WSMO descriptions

D9.11 GIS prototype v 1.0

D9.12 GIS prototype v 2.0

Deliverable 3.5 ii January 20, 2006
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Disclaimer: The DIP Consortium is proprietary. There is no waianty for the accu-
racy or completeness of the information, text, graphics, lirkkor other items contained
within this material. This document represents the common @w of the consortium
and does not necessarily re ect the view of the individual paners.

Deliverable 3.5 v January 20, 2006



dip

Web Service Choreography Onto

logy

Document Information

IST Project FP6 { 507483 Acronym DIP
Number

Full Title Data, Information, and Process Integration with Semantic Web Services
Project URL http://dip.semanticweb.org/

Document URL

EU Project O cer |Kai Tullius

Deliverable Number |3.5 |Title An Ontology for Web Service Choreography
Work Package Number |3 Title Service Ontologies and Service Description
Date of Delivery [ Contractual | M24 | Actual |31-Dec-05

Status version 0.5 | nal

Nature prototype report dissemination ontology

Dissemination public  consortium

Level

Authors (Partner)

see title page

Resp. Author

Stefania Galizia \ E-mail |S.Galizia@open.ac.uk

+44 (0) 1908-659461

Partner | Open University | Phone

Abstract
(for dissemination)

The objective of work-package 3 will be to employ the ontology and Sencaiib
infrastructure by adding semantics to the web service description. dkig/erable
D3.4 addresses orchestration and business process ontology that is amtanp
component for the Semantic Web and Web Services usage and as conseq
used for several purposes in DIP. In this context, the D3.4 aims to dethe
formalisms and build an orchestration and business process ontologly il
provide the basis for advanced querying, reasoning and constraintemgpitation
to be used in web services composition.

Keywords

Choreography, Web Service Interface, Description

uence,

Deliverable 3.5

January 20, 2006



dip

Web Service Choreography Ontology

Version Log
Issue Date |Rev No. Author Change
30-10-05 1 Michael Stoll- document creation and rst editing
berg
31-10-05 2 Stefania Galtoutlined Choreography Description Ontology section
izia
01-11-05 3 Michael Stoll-| nished rst draft editing
berg
31-10-05 4 Stefania Gal;added future work section and moved translation uml|to
izia asm in that saction
09-11-05 5 Mathias added UML2AD choreography metamodel and example
Kleiner gures for UML2AD
10-11-05 6 Laurent added support for Z speci cation and rst step in speci-
Henocque |fying the Work ow Metamodel
10-11-05 7 Michael Stoll- changed structure wrt new DIO common document
berg
10-11-05 8 Laurent rst complete UML2AD metamodel speci cation
Henocque
17-11-05 9 Stefania Galtadded Choreography in IRS-III in the section concerning
izia tools
27-11-05 10 Stefania Galismall changes in the section concerning tools
izia
28-11-05 11 Michael Stoll- further writing
berg
28-11-05 12 Stefania Gal{\Summary", not more \Executive Summary"; added Dis-
izia claimer; removed IRS architecture
13-12-05 13 Stefania Gal: Most corrections suggested by James
izia
28-12-05 14 Michael Stoll-| Corrections and editing accord. to reviewers' comments
berg
16-01-06 15 Stefania Galt Corrected some typos
izia
19-01-06 16 Stefania Galt Updated template
izia
Reviewers
Marin Dimitrov \E-mail marin.dimitrov@ontotext.com
Partner | Sirma | Phone |+359(2) 976-8308
James Scicluna \E-mail james.scicluna@deri.org
Partner [UIBK | Phone |+43 (512) 507-6450
Deliverable 3.5 Vi January 20, 2006



dip

Web Service Choreography Ontology

Project Consortium Information

Partner

Acronym

Contact

National University of Galway

Dr. Sigurd Harand

Digital Enterprise Research Institute
(DERI)

National University of Ireland, Galway
Galway

Ireland

E-mail: sigurd.harand@deri.org

Tel: +353 91 495112

Fundacion De La Innovacion.Bankinte

A

' Bankinter

HEEPIRIr ..

Monica Martinez Montes

Fundacion de la Innovation. Bankinter,
Paseo Castellana, 29

28046 Madrid,

Spain

Email: mmtnez@bankinter.es

Tel: 916234238

Berlecon Research GmbH

Berelcon

HBERLECCON

Dr. Thorsten Wichmann
Berlecon Research GmbH,
Oranienburger Str. 32,
10117 Berlin, Germany
E-mail: tw@berlecon.de
Tel: +49 30 2852960

British Telecommunications Plc.

Dr. John Davies

BT Exact (Orion Floor 5 ppl12)
Adastral Park Martlesham
Ipswich IP5 3RE,

United Kingdom

Email: john.nj.davies@bt.com
Tel: +44 1473 609583

Lausanne

Swiss Federal Institute of Technology

EPFL

(Gl

Prof. Karl Aberer
Distributed Information Systems Laboratory
Ecole Polytechnique Federale de Lausanne
Bat. PSE-A

1015 Lausanne, Switzerland
E-mail : Karl.Aberer@ep .ch
Tel: +41 21 693 4679

Essex County Council

Essex

S
g
Ay

Essex County Council

Mary Rowlatt,

Essex County Council,
PO Box 11, County Hall, Duke Street,
Chelmsford, Essex, CM1 1LX,
United Kingdom.

E-mail: maryr@essexcc.gov.uk
Tel: +44 (0)1245 436524

Forschungszentrum Informatik

Andreas Abecker
Forschungszentrum Informatik
Haid-und-Neu Strasse 10-14
76131 Karlsruhe

Germany

E-mail: abecker@fzi.de

Tel: +49 721 96540

Deliverable 3.5

Vil

January 20, 2006



dip

Web Service Choreography Ontology

Institut far Informatik,
Leopold-Franzens Universi@at Innsbru

Prof. Dieter Fensel

Institute of computer science
University of Innsbruck
Technikerstr. 25

A-6020 Innsbruck, Austria
Email: dieter.fensel@deri.org
Tel: +43 512 5076485

ILOG SA

Changing the rules of business

Christian de Sainte Marie
9 Rue de Verdun, 94253,
Gentilly, France

E-mail: csma@ilog.fr
Tel: +33 1 49082981

inubit AG

inubit
inubit

the integration experts

Torsten Schmale,
inubit AG,

Lutzowstra e 105-106
D-10785 Berlin,
Germany

E-mail: ts@inubit.com
Tel: +49 30726112 0

Intelligent Software Components, S.A|

iISOCO
ISOCO

Dr. V. Richard Benjamins, Director R&D
Intelligent Software Components, S.A.
Pedro de Valdivia 10

28006 Madrid, Spain

E-mail: rbenjamins@isoco.com

Tel. +34 913 349 797

NIWA WEB Solutions

NIWA
Nnivwa

WEB Solutions

Alexander Wahler

NIWA WEB Solutions
Niederacher & Wahler OEG,
Kirchengasse 13/1a

A-1070 Wien

E-mail: wahler@niwa.at
Tel.: +43 131 95843 11

The Open University

ou

»

The Open University

Dr. John Domingue

Knowledge Media Institute,

The Open University, Walton Hall,
Milton Keynes, MK7 6AA, UK
E-mail: j.b.domingue@open.ac.uk
Tel.: +44 1908 655014

SAP AG

SAP

SADA

Dr. Elmar Dorner

SAP Research, CEC Karlsruhe
SAP AG
Vincenz-Priessnitz-Str. 1
76131 Karlsruhe, Germany
E-mail: elmar.dorner@sap.com
Tel: +49 721 6902 31

Sirma Al Ltd.

Sirma

ring Lab of Sirma

Ontotext

Knowledge and Language
Engineerin,

Atanas Kiryakov,

Ontotext Lab, - Sirma Al EAD,

O ce Express IT Centre, 3rd Floor
135 Tzarigradsko Chausse,

So a 1784, Bulgaria

E-mail: atanas.kiryakov@sirma.bg
Tel.: +359 2 9768 303

Deliverable 3.5

viii

January 20, 2006



d |- P Web Service Choreography Ontology

Unicorn Solution Ltd. Unicorn Je Eisenberg

—, | Unicorn Solutions Ltd,

unlcorn" Malcha Technology Park 1
Jerusalem 96951,

Israel

E-mail: Je .Eisenberg@unicorn.com

Tel.: +972 2 6491111

Vrije Universiteit Brussel VUB Pieter De Leenheer,
Starlab- VUB

: Vrije Universiteit Brussel
Pleinlaan 2, G-10

1050 Brussel, Belgium
E-mail: Pieter.De.Leenheer@vub.ac.be

| v.f!e . |Tel.: +32 (0) 2 629 3749
Liniversiteit
Brussel

Deliverable 3.5 IX January 20, 2006



d |- P Web Service Choreography Ontology

Table of Contents

1 Introduction | 1
2 Requirements and Aims 3
2.1 The Big PICIUME . « « o o ot ot e e e e e e e 3
2.2 Requirements for Choreography Interface Descriptions... . . . . . .. 6
2.3 Approach for Choreography Interface Descriptions . . . . ... . ... 7
3 Choreography Interface Descriptions | 9
3.1 Choreography Interface Properties . . . . . . . ..o 9
3.1.1 External Visible Behavior for Service Consumption . .. ... 9
3.1.2 Communication Structure . . . . . . ... 11
3.1.3 Groundinﬁ] .............................. 13
3.2 Client and Service Choreography . . . ... ... ... ........ 14
3.3 Intended Tooling Support . . . . . . . . ... ... 5
3.3.1 DIP Tools for Choreography . . . . .. ... ........... 15
3.3.2 WSMX Choreography Execution Engine . . . ... .. ... .. 16
3.3.3 The Internet Reasoning Service IRS . . . . . . ... ... .... 61
\4 Illustrative Example 21
4.1 The Shipper-Producer Usage Scenario. . . . . .. ... ........ 21
4.2 Choreography Interface Descriptions with UML2 Activity Diagram% .21
4.3 Choreography Interface Descriptions with Ontologized A%s . . . . . . 23
5 Conclusions 30

Deliverable 3.5 X January 20, 2006



d | P FP6 { 507483
Deliverable 3.5

1 Introduction

This deliverable speci es the description ontology for choography interfaces and re-
lated aspects of Semantic Web services for the DIP project.

Choreography is concerned with the interactions of Web seoés with their users
in order to consume a Web service. It is our understanding that th most relevant
aspect therein is the interface of a Web service that describesvin a client needs
to interact with the Web service in order to consume its functinality. We refer to
this a the Choreography Interfaceof a Web service. This document introduces and
explains the approach for de ning choreography interfacesong with the speci cation
of the description language in DIP. Following the methodologfor de ning description
models for multi-layered software architectures de ned in ®G's Meta Object facility
[17] that is also used for specifying WSMO, this represents a metzodel layer ontology.

The approach presented here follows requirements from thenceptual perspective
for comprehensive meta-model description ontologies for Samtic Web services and
from user requests, and takes technical requirements for regat DIP technologies into
account. While we discuss this in detail in the subsequent sect®nthe requirements
can be summarized as follows: (a) support for ontologies as thederlying data model
for the information interchanged, (b) appropriate represemtion of the communication
process excepted and supported by a Web service for consumingfigsctionality, (c)
an appropriate formal model with clearly de ned semantics imrder to allow reasoning
on choreography related descriptions of Semantic Web senscé¢d) grounding to Web
service technologies in order to allow invocation and consutigm of Web services, and
(e) a suitable graphical representation of choreography reéal descriptions of Semantic
Web services.

On basis of this, we de ne the conceptual model for choreograplalong with de-
scription languages as follows. The choreography interfacé @ Web service de nes
the external behavior of the service for consuming its functiality. This encompasses
those aspects of the internal business process of the Web servicensfore interaction
with the client is needed for consuming the service functiongl It is described by
the process expected, respectively supported for informatiagmterchange, and by the
content of messages interchanged which is de ned on basis of @aogies. In corre-
spondence to the choreography interface of a Web service, a ssauwequester (client)
de nes a so-calledClient Choreography While the former describes all possible paths
of interaction with a Web service, the latter describes one phtof interaction that
allows the client to achieve his objective by consuming a Webrsee via its choreog-
raphy interface. Therefore, the client choreography needs be compatible with the
choreography interface of the Web service that is to be used.

This deliverable is accompanied by the document \DIP Intedce Description On-
tology" that speci es the common description language for clieography and orches-
tration interfaces. This layered language consists of a lowvkd formal model, namely
so-called “ontologized Abstract State Machines' as the desciigmt model for Web ser-
vice interfaces de ned within the Web Service Modeling Onlogy WSMO [27]. Ab-
stract State Machines (ASMs) are used as the underlying formalisfar specifying the
dynamics of choreography interfaces, which provide a rich dnexible formalism with
minimal ontological commitment. WSMO ontologies are inh@ntly supported as the
data model for information that are interchanged. For grapital representation, UML2
Activity Diagrams are used whose semantics are de ned by automaeally translating
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them to ontologized ASMs. The intended usage scenario is that a gee provider or
requester models the choreography interface as UML2 Activity iBgrams, supported
by a graphical tool. Then, this de nition is translated into the formal model. In conse-
quence, both the UML2 as well as the ASM representation can be usaslinterchange
formats for choreography related descriptions in DIP.

The work presents an extension of the respective work within thé/eb Service
Modeling Ontology WSMO. While all aspects concerning the deggtion language are
located in the accompanying document \DIP Interface Descrippn Ontology”, this
deliverable is concerned with the conceptual aspects of ceography related descrip-
tions and their usage within Semantic Web services. We also discuamsd position
our meta-model ontology for choreography within related w&. As discussed in the
accompanying document in detail, exiting current Web servetechnologies for chore-
ography have de ciencies in several aspects that we consider lie crucial. Hence,
our model presents a novel approach for semantically descrigichoreographies and
related aspects in Web services.

The document is structured as follows: Section 2 reveals thegrerements for chore-
ography related descriptions of Web services and explains thpproach taken for the
DIP project; Section 3 discusses in detail the relevant aspects fchoreography inter-
face descriptions and the intended tool support to be developén the DIP project;
Section 4 provides a comprehensive example for modeling augyraphy descriptions
of Semantic Web services, and Section 5 concludes the delildea The accompany-
ing document \DIP Interface Description Ontology" providesthe speci cation of the
description language for choreography interfaces.
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2 Requirements and Aims

This section introduces the approach taken for specifying theeta-model layer on-
tology for choreography related descriptions in DIP. We thefore rst allocate this
within the overall description framework for Semantic Web se&ices, then gather the
requirements for choreography interface descriptions, anahally outline the approach
taken within DIP.

2.1 The Big Picture

Semantic descriptions of Web services shall provide the basis fespective mecha-
nisms for automating the Web service usage process [30]. For setitatly describing
Web services, respective overall models commonly di erentembetweenfunctional de-
scriptions that describewhat the service does antbehavioral descriptionghat de ne
how the service works. Within OWL-S [21], the Service Pro le prodes the func-
tional description and the Service Model in conjunction withthe Service Grounding
provides the behavioral description. The Web Service Mode{j Ontology WSMO [25]
de nes the capability of a Web service as its functional desq@iion and so-calledin-
terfaces as the behavioral description. WSMO being chosen as the basis RIP, we
recall WSMO Web service description in order to identify the caracteristics and to
determine requirements for choreography related descriptis in DIP.

WSMO de nes a description model that is intended to encompassdse informa-
tion needed for automatically determining the usability of aweb service. As shown
in Figure 2.1, a WSMO Web service description is comprised of foelements: (1)
non-functional properties (2) a capability as the functional description of the service;
summarized as service interfaces, (3) @oreographythat describes the interface for
service consumption by a client, and (4) alrchestration that describes how the func-
tionality of the service is achieved by aggregating other Weservices. These notion
describe the functionality and behavior of a Web service, whilits internal implemen-
tation is not of interest.

The relevant aspects in this context are the notions of chorgmaphy and orches-
tration. These are concerned with the behavior of Web servicésr consuming their
functionality, respectively for achieving the functionaliy of a Web service by using and
aggregating other Web services. The W3C de nes choreographgcaorchestration as
follows [19]:

Choreography = Web Services Choreography concerns the interactions of seed

with their users. Any user of a Web service, automated or othdss, is a client of

that service. These users may, in turn, may be other Web Servicegplications or

human beings.

Orchestration = An orchestration de nes the sequence and conditions in whione

Web Service invokes other Web Services in order to realize sonseful function. That

IS, an orchestration is the pattern of interactions that a Welservice agent must follow
in order to achieve its goal.

Re ning these general de nitions, we understand the respectivaterfaces of a
Web service as the most important aspects. Such an interface delses how a Web
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Figure 2.1: WSMO Web Service Description

service can interact with its environment with respect to the pcess of information
interchange expected for consumption of the service functiality, respectively the
process of information interchange and coordination of oth&Veb services used for
achieving its functionality [4]. The rationale for this corceptual model is that Web
service usage and interaction is happening in a peer-2-peerrmar, meaning that
information interchange and cooperation is controlled bytte Web services as the peers
without any central control unit. A main implication of our conceptual model is that
we do not need to describe client-service, respectively servesgvice interaction from
a global perspective.

In consequence, we follow the conceptual model of WSMO [25] &g ning two
types of interfaces for describing Web services. The so-callétdoreography Inter-
face that describes the behavioral interface of a Web service fortémaction with a
client that wants to consume the Web service functionality, ath the Orchestration
that de nes the behavioral interface of a Web service for aagkwing its functionality
by using and aggregating other Web services. Figure 2.2 shows therall picture of
these notions and their intended usage within Semantic Web sére technology.

In a generic scenario, a Client wants to use a Web servig¢S for achieving some
objective. In order to consume the functionality of the Web seice, the client interacts
with WS in accordance to its choreography interface. This describ#®e information
interchange expected and supported bWS with respect to the process and content
of the information sent and received by the Web service. A chargraphy interface is
mandatory for a Web service description in order to allow consyption of its function-
ality. Moreover, WS might use other Web service¥VS2 and WS3 in order to achieve
its functionality, meaning that not the complete functiondity is realized within the
implementation of WS but obtained by utilizing functionalities provided by other Web
services - which in fact is a major promise of Web service techagy [1]. The way how
WS interacts with WS2 and WS3 is described in the orchestration o¥WS. Thereby,
WS consumesN'S2, respectivelyWS3 via their choreography interfaces; hence, from
the the perspective 0flWS2, WS appears as a client in the same way as an end-user.

It is important to remark that the choreography and orchestréion of a Web service

4
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Figure 2.2: Choreography and Orchestration Interfaces of a&l Service

represent interfaces. Instead of describing and handling clieservice as well as service-
service interaction from a global perspective, we envision ahced conformance checks
for determining the feasibility of interaction execution [8]. This deliverable is con-
cerned with choreography interfaces, while the descriptionadel for orchestrations is
de ned in deliverable D3.4 \An Orchestration and Business Pro@s Ontology"”. Be-
fore examining the properties and requirements for suitableemantic descriptions of
choreography interfaces below, we summarize the our conaggdtmodel.

information interchange for consumption and cooperation diVeb services hap-
pens in a peer-2-peer manner wherein Web services denote tkens that control
the interaction instead of a central control unit

hence, in correspondence to WSMO, we de ne two types of Web s inter-
faces: thechoreography interfacghat describes the interaction behavior of a Web
service for consuming its functionality, and theorchestration that describes how
a Web service aggregates other Web services in order to achiggdunctionality

a choreography interface description is mandatory for a Web rsece description
in order to allow service consumption by clients; an orchestrain is optional in
dependence on how the service provider decides to realize thiectionality of a
Web service

the compatibility of the behavioral interfaces of clients ad services that are
supposed to interact is determined by respective conformanaests; this requires
a sound formal model for choreography and orchestration infaice descriptions

all client-service interaction for consuming a Web Service ppens via the chore-
ography interface of the service

when a Web ServiceA uses another Web Servic® in its Orchestration, A con-
sumesB via the choreography interface oB; here, Arepresents a ‘normal’ client
to B, meaning meaning thatB is not aware of being used in an orchestration of
another Web Service (and does not need to be).
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2.2 Requirements for Choreography Interface Descriptions

We determine the following requirements of describing chargraphy related aspects
for Semantic Web service. These result from the overall desciigph model devel-

oped within DIP for semantically describing Web services, frormd-user requirements
gathered, as well as from development plans for executiondareasoning technologies
dealing with choreography.

1. Behavior Interface for Service Consumption

In accordance to the general model of Web services recallecad, the choreog-
raphy interface of a Web service de nes the interaction behaw of the service
for consuming its functionality. This denotes the public praess of a Web ser-
vice, i.e. the external behavior that is visible for clientsn order for automated
consumption [6]. The description only covers those aspects whenteraction
with the client is necessary in order to consume the service furatality. Such
interfaces are commonly referred to as behavior interfacgy.

2. Mandatory Description Element of Web Services

Following the initial idea of Web services [1], they shall prade seamless access
interfaces to computational facilities accessible on the WebThis is achieved
by standardized descriptions of behavioral interfaces of Wedervices, wherefore
the initial description technique recommended by the W3C ishie Web Service
Description Langauge WSDL [8]. In order to provide the basis fad-hoc us-
age and combination as the ultimate aim of Semantic Web sereig, we consider
choreography descriptions to be mandatory.

3. Communication Structure
In order to provide the basis for ad-hoc service usage and autow@a invoca-
tion, knowledge about the information to be interchanged agell as their order
is required [6]. While the former refers to messages or - morengeal - com-
municative acts between interaction partners, the latter iconcerned with the
communication process that is supported or intended by the Wegervice or a
requester. Both aspects should be described in an integrated man.

4. Ontologies as Data Model
With respect to the overall design of Semantic Web services, otagies are to be
used as the underlying data model (see [14], [22]). This meamst all resource
descriptions are to be based on ontologies, and all data elemgeimterchanged
between clients and Web services are to be ontology instanceshisTinherently
ensures support for the Semantic Web and provides the basis fonsmtic inter-
operability as well as advanced information processing [12].

5. Executable Web Service Communication Technology
In order to enable execution of Web service consumption by aiis, choreography
interface descriptions need to be aligned with respective Wedervice technolo-
gies. Commonly referred to as grounding, it is desirable not teestrict this to

6
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certain technologies; in order to allow usage of existing Web s&res, standards
like WSDL shall be supported.

6. Graphical Representation
In order to provide sophisticated support for de nition of choeography interfaces
and related aspects, a suitable graphical representation shoubeé supported.
Editing, browsing, and maintenance of interface de nitionsn this graphical user
language should be supported by respective Web service manageinteols.

7. Formal Description

The ultimate aim of Semantic Web services is to enable advamteinference-
based mechanisms for automating the Web service usage process. arRkgg

both choreography and orchestration within our approach, acentral reasoning
task commonly is to determine whether for service consumptiomé interaction

of a client and a Web service can be achieved successfully, respebt the in-

teraction of Web services for achieving a functionality viamorchestration [29].
Another reasoning task is concerned with resolving process leresmatches that
hamper successful interaction [9].

Such techniques represent the actual bene t obtainable by semtic descriptions
of Web services which are not supported by existing syntactic séce descrip-
tions. The pre-requisite therefore is a sound formal model withnambiguous
semantics for describing the dynamics within choreography terfaces and or-
chestrations. This formal model should be appropriate with reget to the pro-
cess structures that occur in Web service interface descriptinand it should
integrate ontologies as the data model for the informationhiat are to be inter-
changed.

8. Higher-level Process Constructs
In order to allow de nition of more complex dynamic construcs of the commu-
nication structure in choreography interface descriptionsral in order to support
advanced handling of these, higher-level process constructesld be supported.
In particular, general work ow patterns as de ned in [32] shald be taken into
consideration.

2.3 Approach for Choreography Interface Descriptions

With respect to the above examinations, we de ne a choreograplnterface as follows:

A choreography interface is a mandatory description element that spe c-
i es the behavior of a Web service or a Web service request for service

consumption by describing the external visible communication struct ure
(i.e. communicative acts to be interchanged and the process of this) along

with a grounding towards Web service communication technology
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While we discuss the aspects of choreography interfaces andithgescription in
the next section in more detail, the following depicts the strcture of the layered
description languages that we develop with respect to the regements determined
above. This consists of the following elements whose interretas are depicted in
Figure[2.3.

User Language (UML2 Activity Diagrams)
- subset of UML2 Activity Diagrams
"| - graphical representation for DIP
choreography & orchestration descriptions

Downwards Translation

. UML -> Formal Model
semantic data model

for information interchange

Formal Model
- “ontologized ASMs™ as sound description formalism
- WSMO description language for choreography and
orchestration interfaces

(WSMO) Ontologies as data model Grounding
- every resource description based on ontologies - making service interfaces executable
- every data element interchanged is ontology instance - currently grounding to WSDL

Figure 2.3: 2-Layered Description Languages for Choreogfgpand Orchestration
Interfaces in DIP

Starting from the top, we have chosen UML2 Activity Diagrams astie graphical
user language that is to be supported by respective tools for &dg and managing
Web service interface descriptions. Ontologies are used in the WRIActivity Dia-
grams as the data model for the information that is to be sent oreceived within
an interface de nition. Apart from being a suitable graphicaluser language, UML2
Activity Diagrams support higher-level process constructs agquired.

As the formal model for semantically describing choreographgterfaces, we use so-
called ontologized Abstract State Machineas the approach developed within WSMO
for formally describing the dynamic semantics of Web serviceterface de nitions [27].
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 aspectfr semantically describing
Web services as de ned in DIP, and (3) the language serves as asigafor execution
and reasoning technologies for client-service as well as segvservice interaction as
planned in the DIP project.

It is to remark that this is the common language for describingpehavior interfaces
of Semantic Web services in DIP. This means that the same langy& constructs are
used for describing choreography interfaces as well as orchatsbns as speci ed in the
accompanying language speci cation document \DIP Interfag Description Ontology"
in detail.
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3 Choreography Interface Descriptions

On basis of the preceding examinations, this section explainsnceptual aspects of
choreography interface descriptions in DIP. We rst discuss theelevant aspects of
choreography interface descriptions, then introduce the coaptual distinction of client
and service choreography interfaces with respect to goal-ekn Web service usage and
how these choreography descriptions can be created, and nabbutline the intended
tooling support for choreography descriptions in DIP.

3.1 Choreography Interface Properties

Above, we have introduced the de nition of choreography intéaces in DIP to be
mandatory behavioral interface of a Web service or a servicegueest for consuming
a Web service by describing the external visible communicaticstructure (i.e. com-
municative acts to be interchanged and the process of this) alg with a grounding
towards an executable Web service communication technologihis shall meet all the
requirements identi ed in Section 2.2 as follows:

the conceptual requirements (1 - Behavior Interface), (2 - Rhdatory Description
Element), (3 - Communication Structure), and (5 - Groundingy are inherently
incorporated in the de nition

the requirements (4 - Ontologies as Data Model), (7 - Formal ddel), (8 -
Higher-level Process Constructs) and (6 - Graphical Represeniat) refer to
the description language that is de ned in the accompanyingatument \DIP
Interface Description Ontology".

In order to clarify and rationalize this de nition we need toexamine the following
three conceptual features in model detail: th&xternal Visible Behavior  as those
aspects of the work ow of a Web Service or a client where interdon with counterpart
is required, theCommunication Structure  as the order and process of communica-
tive acts that are to be interchanged, and the&rounding towards a communication
technology for interaction and information interchange bveen Web services over the
Internet. The following addresses each one in detail.

3.1.1 External Visible Behavior for Service Consumption

This aspect is concerned witlwhat needs to be speci ed in a choreography interface.
In accordance to the underlying model of our approach, the aheography interface
of a Web service or a service request describes the entity's indwal behavior for
participating in an information interchange for consuming aVeb service. This relates
to those aspects of the work ow of a Web Service where interacti with the client is
required so that the client can consume the Web Service funatality.

In order to clarify this let's consider the well-known examm of a Virtual Travel
Agency, see [31] for a detailed use case description. The genertirgpis that a Web
serviceVTAprovides a general purpose travel service for booking hotelsghts, train-
and other transportation tickets. This VTAWeb service dynamically uses and combines
other Web services in order to resolve speci ¢ requests.
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Among the utilized Web services, there is a Web service of the namial Aus-
trian railway operator OBB that o ers search and booking facilities for train tickes
in Austria. Its business process is as follows. Th®BB Web service receives a re-
guest for some trip, and returns a set of possible connections asecs for purchase
(search facility); if a request for purchase is received, the s@e asks for payment in-
formation; the service terminates by providing a purchase ctract for the desired trip
(booking facility). Figure [3.1 shows the structure of the chaography interface of the
OBB Web service. According to its business process, this consists four sequential
activities invocation , connection choice , purchase contract , and payment and
delivery . Each activity correlates to one or more messages that are expad or sup-
ported to be interchanged, denoted on the left hand side of thgure; the right hand
side of the gure shows the conditions under which a subsequentti&dy is reached in
the right hand side of the gure.

Control Flow

Data Flow

Interaction Messages
Errors

buyer information itinerary

input not valid

invocation

h

T input is\valid

buyer inforimation, itinerary

no valid connection

PR SN L O . LR o
set of valid itineraries

connection choice

tinerary >

offer info (train. seat. payment method)

(trade)

_ request payment information

payment information

1)if. input is not valid
2)if: no valid connection
3)if: offer not accepted
4)if: payment invalid or
execution error

~ payment information incorrect
OR execution error

a successful purchase

Figure 3.1: Choreography Interface Structure Example

While discussing communication related aspects below in moretaig it is im-
portant to note which information is speci ed in the choreography interfaez Let's
therefore study the rst activity invocation in detail. The service consumption is
initiated when it receives a message with a buyer informationnd an itinerary (i.e.
a desired trip with start and end station, travel date, etc.). Tken, the Web service
implementation checks validity of the input and determinegossible itineraries for the
requested trip; the technical realization - i.e. whether théunctionality is implemented
as program or achieved by using other Web services - is not ofengst at this point.
The result of the internal technical realization is then commnicated to the client by
an outgoing message in theonnection choice activity.

Now, what we model in the choreography interface as the extexvisible behavior
of the Web service is the messages send and received and the camBtunder which
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transitions to subsequent activities occur. This means, we spBcihat the connection
choice activity will be processed next if the input is valid, otherwisean error mes-
sage will be created and the service usage is stopped. We do not gpdaternal,
private decision or computations of the Web service, e.g. howsgsible itineraries are
determined.

Within the world of business process technologies, this is comniyp referred to
as the public processof an entity [6]. Within the world of Web service technologies,
the Web service description element that speci es its externalisible behavior for
consumption by a client are referred to as behavior interfasg4]. As outlined in the
requirements above (see Section 2.2, such interfaces need &c#y the communication
behavior and are considered as a mandatory description elerhéor Semantic Web
services in order to allow automated service invocation and uga[30].

3.1.2 Communication Structure

The second aspect to be examined in more detail is the commurioa structure

de ned in a choreography interface. This is comprised ohessagess single commu-
nicative acts interchanged between Web services and cliengg\d of their order as the
process of when and under which conditions which message exdwrs expected or
provided by a choreography interface. We discuss both aspectsdaexplain how our
approach addresses the respective requirements.

Messages

Regarding messages, the Shannon and Weaver's theory of commaton that serves
as a basis for design of communication technologies distingwashthree levels of infor-
mation [28]. The rst one is thelevel of contentthat is concerned with the information
interchanged, i.e. the content of a message (e.g. informatiom the buyer in the rst
message in Figure 3!1). Here, information is understood to bata that has a concrete
meaning in a contexti.e. data that has a semantic de nition in a domain of discourse
In order to ensure this within communication and informationinterchange of Web
services, our model applies ontologies as the data model foetbontent level.

The second level concerns thelationship of the communication partnersi.e. the
communicative roles of entities participating in an interation. Within multi-entity
communication, we need to clearly identify the sender and reiwer of a message as
well as the nature of the communication. The latter refer to sychronous or asyn-
chronous patterns of communication [26]. Synchronous coramication means that
the progression of both entities depends on the informationtgrchange, i.e. none of
the partners can continue its individual process without copieting the information
interchange; asynchronous communication denotes the opgesiype communication
(i.e. anoti cation is broadcasted that does - at least not diretly - in uence continuous
processing of entities). Our approach for describing choreogty interfaces addresses
this level as follows:

a choreography interface supports binary interaction, i.e.between one Web
service and one client (several of these binary interactions ghit take place con-
currently). Hence, the identi cation of sender and receiver foa communicative
act can be represented by denoting the direction of the message (©r outgoing)

11
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the characteristic of a message with respect to synchronous and adyronous
communication can be represented in the conditions of stateatnsitions within
Abstract State Machines (see accompanying document \DIP Intéice Descrip-
tion Ontology" for details).

The third level is concerned with thecommunicative intention of a message. This
refers to what the sender of a message expects the receiver to dihw. Therefore,
collections of communicative acts have been identi ed, e.grequest for requesting
some information or tasks from the partnersyesponse as the reply to a request,
inform for noti cation, etc. These are mainly applied within Agent Canmunication
Languages (short: ACL) like KQML or FIPA ACL in order to handle cooperative
communication and information interchange between inteient, autonomously acting
software agents [33]. This information enables intelligersoftware agents to determine
their interaction behavior autonomously with respect to chages in the environment.
In contrast, within Web services the intention level of commuication appears to be
dispensable because the information interchange is only nedder executing a Web
service as a passive software component. In consequence, all messtuat are ex-
pected or provided by a Web service within one concrete path ofteraction are re-
quired and necessary in order to complete service consumptiorrreatly. However,
additional information on this description level can be appéd for managing the in-
teractions between clients and Web services as we explain irctsen (3.3.3 in more
detail.

The Process of Communication

Apart from the messages expected or provided by a Web service, aoography
interface needs to specify when each message is to be commuaitati.e. the process
of communication expected by the Web service in order to consenits functionality.
While we have determined above that this process is the exteilnvisible behavior or
public process of a Web service, we now investigate how to pres#ms as a process
description.

The major de ciency of the Web Service Description Language BDL [8] - which
is the W3C recommendation and quasi-standard for Web servicevotation and usage
at this point in time - is support for this aspect. The WSDL descption of a Web
service consists of a collection afperations that de ne one-shot interaction for con-
suming a Web service - but no information can be speci ed on thedaer or the process
of which operation to be invoked at which state of consuming thé/eb service. While
the current W3C e orts around choreography develops the WeBervice Choreography
Description Language WS-CDL for describing multi-party inteactions from the global
perspective [34], the rst but uncompleted W3C e ort for adding the desirable pro-
cess information to WSDL descriptions was the Web Service Clemgraphy Interface
(WSCI) [3] along with formal semantic on basis of process algebde ned in [5]. Also,
other e orts like abstract processes within BPEL4AWS [2] are caerned to behavior
interface descriptions of Web services.

1This opposes our approach: while we consider the behavior interface of a Web servit@ partic-
ipating in an interaction as the most important aspect, the WS-CDL perspective only considers the
global business process for multi-party interactions. See the related work sectiom accompanying
document \DIP Interface Description Ontology" for a detailed discussion.
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However, all these approaches have de ciencies in one or aratlaspect that we
have determined to be important - for instance not supporting mologies as the data
model or lacking in clear semantics for process descriptions. W¢hwe discuss and
position our approach within related work in detail in the acompanying document
\DIP Interface Description Ontology", we here summarize the elevant properties of
the Process of Communication in Web service interface descigts and how this is
addressed within our approach.

The external visible process for consuming a Web service as ddsed within a
choreography interface has one or more initial states wherké interaction for service
consumption can commence from. Then, an arbitrary sequence siates or actions
is executed until a termination state is reached [20]. Beindhé public process of the
Web service for its consumption, the progression of this procesds( the transitions
between states) is determined by the information received arsgnt by the Web service.
In particular, the message content determines the path foll@d during an interaction
as the information received or produced by the Web service @etmine possible state
transitions with respect to the transition conditions speci ed So we can say that the
progression of the communication process in a choreographyarface is determined by
the ontology instances interchanged during service consummii. These observations
have determined the development of ontologized Abstract SeMachines as the formal
model for describing Web service interfaces within WSMO [27].

3.1.3 Grounding

The nal aspect of choreography interfaces to be investigateith detail is executable
communication and information exchange technologies for & services. Naturally,
this shall take place over the Internet. Currently, DIP inteface descriptions are
grounded to WSDL [8], as speci ed in detail in the accompanygdocument \DIP In-
terface Description Ontology". WSDL is a W3C working e ort that is widely adopted,
including tool support for automated generation of WSDL desgstions from program
code of Web service implementations (e.g. Apache AXIS, see htthus.apache.org/axis/).
It realizes message-based communication via SOAP [18] for exoppa of XML data over
the Web. The grounding realization for DIP interface descrifions is speci ed in the
accompanying document \DIP Interface Description OntologVyin detail.

A main benet of our approach is its modular design that allowsreplacing the
target technology of the grounding by simply changing the gtoding speci cation
without need of changing the interface description. As a posséfuture Web service
communication technology, so-called Triple Space Computns envisioned that aims
at overcoming the de ciencies of message-based communicattechnology for Web
services|[7], [13]. Extending the concept of tuple space conipg - wherein commu-
nicating parties write information to be exchanged into a ammon information space
wherefrom the respective participants read the data - with dologies as the data
model, Triple-Space Computing co-aligns with the Web desigparadigm of persistent
publishing and reading of information that enable Web scale farmation interchange.
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3.2 Client and Service Choreography

In order to support goal-driven Web service usage as one of thejettives of WSMO
and DIP [30], we distinguish two types of choreography intert@ descriptions, namely
Client Choreography Interfacesand Service Choreography InterfaceswWhile the latter
refers to the behavioral interface of a Web service for consumgi its functionality as
de ned above, the former denotes the behavioral interface a client for consuming
a Web Service in order to achieve his objective. Figure 3.2 st®both choreography
interface types with further explanations in the following

Client Web Service
Choreography Choreography
Service — internal
Request ‘ business logic
(e.9. WSMO Goal) of Web Service
) not of interest in Service
Interface Description)

Figure 3.2: Client and Service Choreography Interfaces

A Service Choreography Interface describes all possible patbisinteraction with
the Web service in order to consume its functionality. A path deotes the sequential
order of states that are reached during a concrete service congtion session. The
right-hand side of the gure illustrates a Web service choreogphy interface with
two possible start states and two possible termination states. Imaw this to be the
choreography interface of some search and sell service like Anmazahe left start
state denotes a start state for buying a product, and the right om the start state for
searching for a product. While the former one will always reduih a termination state
where a product is purchased (the colored termination state}he latter start state
might result in purchasing or in providing a product search restil(the not colored
termination state). In order to be a correct description of a We service's behavior
for consuming its functionality, its service choreography terface needs to de ne all
possible paths of consumption.

In contrast, a Client Choreography Interface describes one thaof interaction for
consuming a Web service via its choreography interface thatg@lts in a state wherein
the client objective is achieved. In the left hand side of thegure, there is one sequen-
tial path of interaction denoted in the client choreographyinterface that corresponds
to the colored path in the choreography interface of the Web sgce. Imagine the
client objective to be that of buying a certain product, the Gent choreography inter-
face describes the structure of the communication behaviordahthe client can perform
in order to obtain the desired functionality from the Web serwe. Thereby, the client
choreography interface needs to be compatible with at leashe possible path of in-
teraction within the choreography interface of the Web seree to be consumed.

The reason for this di erentiation is that a client should not be requested to provide
a complete description of the desired interaction behavior. é3ides, this would hamper
consumption of possibly usable Web services because of unresol/abismatches in
the choreography interface of a client and a Web service. As a moappropriate
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conceptual model, it is expected that the client choreogrdwy interface as de ned
above is determined with respect to (1) the choreography intiace of the Web service
that is to be consumed, and (2) the input as well as additionalonstraints that the
client de nes for Web service consumption. We understand thissaan appropriate
extension of the WSMO conceptual model. Note that the descrin language is the
same for both client as well as service choreography interface

Regarding the creation of service and client choreographyténfaces, the former can
either (a) be "added' in sense of an annotation of an existing Welkervice implementa-
tion with a WSDL description, or (b) be “speci ed' in sense of a fanal speci cation
of the service behavior for functionality consumption. In camast, we envision seman-
tically enabled mechanisms for automated generation of dlieinterfaces for a given
request (i.e. a goal or another usage scenario) and a Web servibatthas been de-
termined for application for resolving the request. Respecevtechniques are under
consideration at the time of writing.

3.3 Intended Tooling Support

Concluding the investigations on choreography descriptionsnd their usage within
Semantic Web services, the following outlines the intended spqrt for creating, main-
taining, and executing choreography descriptions with the [P project. We rst sum-
marize the respective technology developments and then do# the planned devel-
opment for choreography execution technology within WSMXrad IRS as the DIP
technology platforms.

3.3.1 DIP Tools for Choreography

There are two types of tools and technologies planned withDIP that deal with chore-
ography descriptions. Naturally, these will be integrated intahe DIP Architecture
(DIP deliverable D6.13). These tools are to be tested within # use case within DIP
work package 9.

WSMO Studio

WSMO Studio (DIP Deliverable D4.11) develops an integrateénd-user tool suite for
editing and managing Semantic Web services on basis of the WSM@eci cation. It
is planned to have a plug-in for editing, browsing, and managjy choreography and
orchestration descriptions following the speci cation proded in this deliverable and
related speci cation documents.

Tools

Three tools are planned to be developed in DIP that are congexd with choreography
and orchestration descriptions.

1. Execution Engines : engines for executing interaction on basis choreography
interfaces (DIP Deliverable D4.7 and D54. / D5.5) and for ottwestrations (D4.20)
are planned. As explained below in more detail, these are desgnto work
on ontologized Abstract State Machines as the formal model ofIP interface
descriptions.
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2. Composer : the goal-driven Web service composition tool developed in (B De-
liverable D4.12 and D4.15) works on UML2 Activity Diagrams. Thdranslation
from this user language to the formal model as specied in the eampanying
document \DIP Interface Description Ontology" ensures the itegration of this
tool within the DIP architecture.

3. Process Mediator : for resolving process-level mismatches between choreogra-
phy interfaces that might hamper successful interaction of emies, the process
mediator developed in DIP Deliverables D5.4 and D5.5 workshoontologized
Abstract State Machines as the formal model of DIP interface deriptions.

3.3.2 WSMX Choreography Execution Engine

The choreography engine's responsibility is to support the bakioral aspect of the
communication between the requester and provider. It worksnathe ontologized Ab-
stract State Machine format, utilizing the grounding to WSDL as the communication
technology for executing information exchange betweenatits and Web services. The
choreography engine takes the choreography descriptionstbé involved parties and
creates state machine instances for each of them. Interact®hetween the two parties
cause guarded transitions to re in both of these machine instaes, within the range
of all possible interactions.

In compliance with the DIP / WSMX architecture, the choreogaphy engine tackles
a single aspect of the general problem that is orthogonal to alther aspects. Data-
and Process Mediation happens transparently to the choreogiay engine between
applying a co-calledupdatesetto one of the ontology ASM instances and starting the
next step of the other ontology instance (see accompanying docent \DIP Interface
Description Ontology" for details on the formal semantics of @ologized ASMs). The
link to the Invoker, which carries out the actual invocation manifests itself through
an object representation of the grounding information that acompanies the respective
transition rule that triggered the update, ultimately causing the invocation.

3.3.3 The Internet Reasoning Service IRS

The Internet Reasoning Service [10] (abbreviated as IRS-lbr simply IRS) is a frame-
work and implemented infrastructure for Semantic Web servisebased on WSMO.
The following outlines the realization for Web service consyption via choreography
interfaces as speci ed in this deliverable, referring to [1Xor details.

Choreography model

We assume that IRS clients are able to formulate their request as goal instance.
This means that we only require choreographies between thBRS and the deployed
Web services. In IRS-III choreography execution thus occun®of a client perspective.
This means that for carrying out a Web service invocation, théRS executes a Web
service client choreography which sends the appropriate messado the deployed Web
service.

A choreography is described in IRS-I1l by a grounding declatian and a set of guarded
transitions. The grounding speci es the conceptual represeritan of the operations
involved in the invocation of a Web Service and their mappingp the implementation
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level. More speci cally, the grounding de nitions includeoperation-name, input-roles-

soap-binding, output-role-soap-bindingThe guarded transitions are the set of rules,
which represent the interaction between IRS-III and the Web &vice on behalf of an
IRS client. They are applied when executing the choreographThis model is executed
at a semantic level when IRS-I1l receives a request to achievgeaal. In the rest of this

section we list the main design principles which motivate our dreography model.

Design principles

Ontology Based. Ontologies form a central pillar of the semantic web. Foundmour
choreography descriptions on ontologies means that we cariereto relevant domain
dependent concepts or relations within guarded transitions.
IRS as a Broker. As mentioned earlier, the IRS acts as a broker for capabilitydsed
invocation. A client sends a request to achieve a goal and the 3Rnds, composes and
invokes the appropriate Web services. The choreography to thBS is thereby xed.
We assume that IRS clients are able to formulate their request asgoal instance. This
means that we only require choreographies between the IRSdathe deployed Web
services. Our choreography descriptions are therefore writtdrom the perspective of
IRS as a client of the Web service.
The Predominance of State.  Following the conceptual model outlined above, any
message sent by IRS to a Web service will depend on its current stafehis includes
a representation of the messages received during the currenheersation. Choreog-
raphy descriptions in IRS are represented as ontologized ASM.ithe formal model
for describing DIP interfaces. By representing ASM as rules, the agence of opera-
tions and the message pattern instantiations are generated thwgh the evaluation of
conditions. A condition is a generic statement on the current @iation, for instance,
that an error has occurred. The executive part of the guardetlansitions updates the
state (see accompanying document \DIP Interface Description i@ology"” for details
on ontologized ASMs).
Open. The major components of IRS-1Il are semantic Web services reggented within
the IRS-IIl framework. This feature enables the main functinalities of the IRS to be
rede ned to suit speci ¢ requirements. Following this the IRS horeography engine is
itself a semantic Web service.
Communication Representation. We have chosen to classify the communication
in IRS choreography according to two dimensions, following éhsystem-client coop-
eration model proposed in KADS [16], namely thénitiative and the direction of the
communicative interaction.

The initiative expresses which actor is responsible for startinipe communication
- i.e. either IRS or the Web service - while the direction repsents the communi-
cation route which can be from the system to the client or viceersa. The reason
for preferring this communication model is that in this way v can verify at every
state which actor has initiative. Initiative is associated wih the actor that has control
of the conversation. For example, only actors with initiatie are allowed to start a
conversation or update data previously sent. A message exchangere is a kind of
transfer task, an elementary executed operation by an actor daog a conversation.
According to Greef and Breuker's communication representain [16], we consider six
kinds of events: obtain, present, provide, receive, obtaimitiative, present-initiative.
When the IRS does not have the initiative, receive and proved messages are used.
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Conversely, obtain and present events occur when the IRS is iantrol of the conver-
sation. Obtain-initiative and present-initiative allow the initiative to be transferred.
For detailed event descriptions see [15].

When a client - that can also be a Web service - invokes the IRS inder to achieve a
goal, the choreography engine runs. We depict a simple invoaat goal scenario below,
underlining the events involved during choreography exetian. Figure shows the
event sequence for this typical goal driven Web service invda scenario.

receive present -

|[R5™
obtain-initiative obtain

Figure 3.3: A typical sequence of choreography events ocdog during goal based
Web service invocation in IRS-III

The client initiates the communication with IRS by requestiig that a goal be
achieved. Within our model this corresponds to receive and tan-initiative events
as the client delegates initiative to the IRS to invoke the rguired service. During a
second phase, the IRS invokes a Web service which returns a reggonin this phase
the IRS has the initiative and therefore the occurring evestare present and obtain.
Ability to Suspend Communication. Expectably. there will be situations where
it is necessary to suspend the current dialog and resume it laterofFexample, either
the IRS or the Web service may not have some required data or a Webrvice may
go o ine.

Executable Semantic Descriptions. The semantic representation of choreography
interface descriptions should be executable directly or shaube able to be compiled
to a runnable representation. Our underlying modelling langage OCML [23] is oper-
ational. Additionally, extensions within the IRS allow us to dtach OCML functions
to deployed Web services. This means that within a guarded traition one can refer
to external data, for example, to \today's exchange rate".

Formalization. A formal semantics allows us to reason about the choreographg-d
scriptions which is useful if we want to automatically compose &b services. For this
reason, we adopt ASMs and our formal model is described in theléoVing section.
Ease of Usage. If we want our system to be used widely, it is important that the
components are easy to use. For this purpose we have de ned a tiekely small set of
choreography speci c primitives.

Choreography primitives

In IRS are de ned a set of choreography specic primitives whit can be used in
guarded transitions. These primitives provide an easy to use imface to control a
conversation between the IRS and a Web service. Developers atgo able to include
any relation de ned with the imported ontologies within guaded transition speci ca-
tions.
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Init-choreography. Initializes the state of the choreography. This primitive
runs before a Web service is invoked by IRS-III. At this step théRS has the
initiative and it is ready to start the communication.

Send-message. Calls a speci c operation in the Web service. If no inputs are
explicitly given IRS obtains the input values from the orignal goal invocation.

Send-suspend. Suspends the communication between IRS and the Web ser-
vice, without stopping the choreography executions. This aicin will occur, for
example, when the IRS lacks some data required by a Web servidexecuting
this primitive suspends the dialog and stores the current state gdbat commu-
nication can be resumed later.

Received-suspend. The communication is suspended by the Web service, when
for some reason it is not able to respond to an invocation. As with sg-suspend
the choreography execution is put on hold. The Web service iseé to resume
the dialog when conditions allow.

Received-message. Contains the result of a successful send-message for a
speci c operation.

Received-error. If the execution of a Web service causes an error to occur then
the received-error primitive is used. The parameters of reged-error include the
error message and the type of error which occurred.

End-choreography. Stops the choreography. No other guarded transitions will
be executed.

Execution

IRS uses a forward-chaining-rule engine to execute a choresgghy. This means the
rules belonging to a choreography are red according to the ate. One important
feature of the execution environment of IRS is that it allowshe scope of the choreog-
raphy to be de ned for the set of ontologies involved in the Welservice description.
The IRS server carries out inferences at an ontological leveDuring communication
with a Web service the ontological level descriptions need teelmapped to the XML
based representations used by the speci ¢ Web service invoked. Wevide two mech-
anisms which map a) from the ontological level to XML (lower) ad b) from XML to
the ontological level (lift).

Lift. Lifts an XML string into an ontological construct, representedm OCML.

A generic version of this relation is de ned within the IRS onblogy. SWS de-
velopers are free to overwrite this relation inline with therelationship between
the results of Web service calls and the ontologies used. The pfimitive has

the following input parameters: class-name, web-service-classnl-string and

produces an instance of class-name as output. The semantic depelr can thus
customize how XML is parsed according the classes within the unéieng ontol-

ogy and the particular Web services selected. In order to copetlvXML based

input the lift primitive utilizes an in-built SAX based XML parser.
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Lower. Lowers the ontological construct to XML. The input parametersto
lower are: instance-name and a class web-service. The outpukml-string. As
for the lift the XML generated can be customized according to ases within
the ontology and the Web service class. For example, the XML geiaged for
instances of a person class may include a full name for one Web sarnand only
a family name for another.

20



d | P FP6 { 507483
Deliverable 3.5

4 lllustrative Example

This section provides an exemplary speci cation of choreogrhy interface descriptions
using the developed description languages. For language synéaed semantics, we refer
to the accompanying document \DIP Interface Description Omblogy" that speci es
the common description language for choreography and orchedion interfaces.

4.1 The Shipper-Producer Usage Scenario

For illustration purpose we apply the shipper-producer examplde ned in [24]. This
use case is also used for illustrating orchestration descriptionghin deliverable D3.4.

While brie y summarizing the use case setting,

Below we provide the choreography interface descriptions ifne DIP interface
description languages, that is in UML2 Activity Diagrams as the ser language as
well as in ontologized Abstract State Machines as the formal rdel for DIP behavior
interface descriptions. The following summarizes the usage sagn setting:

The user Web service outputs a speci cation of the product it wisks to purchase
and the the destination to which it should be delivered; it redees an oer
providing the terms for purchase and delivery and returns ancaeptance or
rejection of the o er; and expects a con rmation of an acceptnce

The producer Web service receives a speci cation for a produahd returns an
o er for supplying it. It then receives a positive or negative aswer to its o er,
and con rms any positive answer

The shipper Web service receives a speci cation for a packagedeliver and its
delivery address and returns an o er for delivery. It then reeives a positive or
negative answer to its o er, and con rms any positive answer.

4.2 Choreography Interface Descriptions with UML2 Activity
Diagrams

We provide here two semantically-equivalent versions of theigiper choreography, the
di erence being in the data ontology used to answer the oer. Inthe rst one as
depicted in Figure/ 4.1, the user can either accept or declinbe o er as two di erent
messages. In the second one depicted in Figure|4.2, the answer isked into one
message containing either a positive or a negative response. Iihbcases, the chore-
ography gives enough information in order to reason about whtnhe outcome will be,
depending on the answer.
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Figure 4.1: Shipper Choreography - Unpacked Answer

M egative Answer] [Posilive Answer]

Figure 4.2: Shipper Choreography - Packed Answer
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4.3 Choreography Interface Descriptions with Ontologiz8EAS

The sample is based upon the request for the delivery of an itenofn a supplier to a
customer. The example here is of a choreography that correspigrio the Orchestration
example in deliverable 3.4. In this example the answer is pak into one message.
This example do NOT validate, as it appears that the validatos have NO format for
Choreography which they accept. The WSML de nition puts on he proper method to
de ne Choreography. Thus, no syntax for their de nition ts th e language de nition.

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

namespace { "http://ontologies.deri.org/spChoreograp hies#", sp
_"http://ontologies.deri.org/supplierProvider#", spw S
_"http://ontologies.deri.org/supplierProviderWebSer vice#", dates

_"http://ontologies.deri.org/notableDates#", corp
_"http://ontologies.deri.org/corporate#" }

/*
* There is no format for definition of choreography that

* passes the validator. The following form is used.
*/

webService _"http://ontologies.deri.org/spWebService
/I Supplier-Producer Choreographies:
interface spUserinterface

choreography spUserChoreography

choreography spUserChoreography
stateSignature
importsOntology (_"http://ontologies.deri.org/SPOnto logy",
_"http://ontologies.deri.org/SPWSOntology"}
in {
sp#globalOffer withGrounding
spWS#wsdl.interfaceMessageReference(SP_ServicePortT ype/GlobalOffer/In),
sp#globalConfirm withGrounding
spWS#wsdl.interfaceMessageReference(SP_ServicePortT ype/GlobalConfirm/In)

out {
sp#productName withGrounding
spWS#wsdl.interfaceMessageReference(SP_ServicePortT ype/ProductName/Out),
sp#destination withGrounding
spWS#wsdl.interfaceMessageReference(SP_ServicePortT ype/Destination/Out),
sp#globalAnswer withGrounding
spWS#wsdl.interfaceMessageReference(SP_ServicePortT ype/GlobalAnswer/Out)

/* ProductName outputs a product name and destination given a
requirement for a quantity of that product by a department.

Destination outputs an address to which a product is to be shi pped.
The address of the department and the secretary's phone numb er are
included in the destination specification.

GlobalOffer inputs an offer for the sale and shipping of some
product) and outputs an answer which is either a rejection of the
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offer, or an acceptance with extra details possibly filled i n, in
return.

GlobalConfirm inputs a confirmation of a contract for purch ase and
shipping of some product, including all details of the trans action,
and outputs the information to other programs in the user sys tem as
appropriate in response.

*

guardedTransition SupplierShipperRules /*
* Specify product and shipping destination

*/
forAll {?requirement, ?pName, ?num ?dept, ?deptAddress, ?  sec, ?secPhone } with (
?requirement[
product hasValue ?pName,
quantity hasValue ?num,
dept hasValue ?dept] memberOf corp#requirement)
and
?dept[ contactSecretary hasValue ?sec
address hasValue ?deptAddress ] memberOf corp#department
and
?sec[mainOfficePhone hasValue ?secPhone,
name hasValue ?secName] memberOf corp#employee
do
add( _#[name hasValue ?pName,
quantity hasValue ?num] memberOf sp#productName)
and
add( _#[address hasValue ?deptAddress,
phone hasValue ?secPhone,
consignee hasValue ?secName] memberOf sp#destination)
endForAll
/*
* Receive offer and return answer
*/
doForAll {?goffer, ?delivTime, ?price, ?id, ?product, ?re striction,

?priceLimit} with (

?goffer[ deliveryTime hasValue ?delivTime,

totalPrice hasValue ?price,

quotelD hasValue ?id,

productType hasValue ?product] memberOf sp#globalOffer
/I ?selection, above, is the input. The items below are alrea dy
/I in the knowledge base.
and
?restriction[maxPrice hasValue ?priceLimit,

productType hasValue ?product] memberOf sp#maxPrice

and
before(?delivTime, dates#newYears2006)
and
wsml#lessThan(?price, ?priceLimit)

do
add(_#[ deliveryTime hasValue ?delivTime,

totalPrice hasValue ?price,

quotelD hasValue ?id,

acceptance hasValue sp#accept] memberOf sp#globalAnswer )
endForAll
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/*

* Receive confirmation and update own answer

*/

~~
% % % % %k ok ok % ¥ X

*
~

forAll (?gconfirm, ?id, ?pConfirm, ?sConfirm, ?ganswer)
?gconfirm[

quotelD hasValue ?id,

pConfirm hasValue ?pConfirm,

sConfirm hasValue ?sConfirm] memberOf sp#GlobalConfirm
and
?ganswer]|

quotelD hasValue ?id,

acceptance hasValue sp#accept] memberOf sp#globalAnswer
do
update(?ganswer[acceptance hasValue sp#confirmed])
endForAll

interface spProducerinterface
choreography spProducerChoreography

stateSignature
importsOntology _"http://ontologies.deri.org/SPOntol ogy"

in {
sp#producerRequest withGrounding
spWsS#wsdl.interfaceMessageReference(SP_ServicePortT ype/ProducerRequest/In),
sp#producerAnswer withGrounding
spWS#wsdl.interfaceMessageReference(SP_ServicePortT ype/ProducerAnswer/In)

}
out {
sp#producerOrder withGrounding
spWS#wsdl.interfaceMessageReference(SP_ServicePortT ype/ProducerOrder/Out),
sp#producerConfirm withGrounding
spWS#wsdl.interfaceMessageReference(SP_ServicePortT ype/ProducerConfirm/Out
}
/* ProducerRequest inputs a request for purchase including product
name and quantity. It outputs a ProducerOffer including det ails

such as price, size, date available, etc.

ProducerAnswer inputs an answer which is either a rejection of the
offer, or an acceptance with extra details possibly filled i n, in
return. It outputs a GlobalConfirm which is a confirmation o fa
contract for purchase with values left optional, filled in, given
any new data provided in the ProducerAnswer and internal
considerations.

*
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guardedTransition ProducerRules

/*

* Produce offer by Producer

*/

forAll {?request, ?product, ?num, ?item, ?min, ?max, ?pric e } with (
?request] product hasValue ?product,
quantity hasValue ?num] memberOf sp#producerRequest
and
?item[ product hasValue ?product,
minQuantity hasValue ?min,
maxQuantity hasValue ?max,
price hasValue ?price | memberOf corp#priceListltem
and
lessThan(?min, ?num)
and
lessThan(?num, ?max)

/I leaving out calculation for when it will be ready and shipp ing size
/I and generating quotelD

/*

do
add( _# product hasValue ?product,

quantity hasValue ?num,

price hasValue ?price,

size hasValue ?size,

availableDate hasValue ?availableDate,

quotelD hasValue ?quotelD ] memberOf sp#producerOffer )
endForAll

* Producer receive answers and confirms if accepted

*

/*

* % kX X

doForAll {?poffer, ?price, ?id, ?product, ?restriction,
?priceLimit} with (

?answer|[ pPrice hasValue ?price,

productType hasValue ?product,

quantity hasValue ?num,

quotelD hasValue ?id,

acceptance hasValue accept] memberOf sp#producerAnswer
and
/I ?answer, above, is the input. The offer below is already
/I in the knowledge base.
?poffer[ pPrice hasValue ?price,

productType hasValue ?product,

quantity hasValue ?num,

quotelD hasValue ?id] memberOf sp#producerOffer
do
add( _#[pPrice hasValue ?price,

quotelD hasValue ?id,

productType hasValue ?product] memberOf sp#producerConf irm)
/I other details would probably be added
endForAll
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*/

interface spShipperinterface
choreography spShipperChoreography
stateSignature
importsOntology _"http://ontologies.deri.org/SPOntol ogy"

in {
sp#producerRequest withGrounding
spWS#wsdl.interfaceMessageReference(SP_ServicePortT ype/ShipperRequest/In),
sp#producerAnswer withGrounding
spWS#wsdl.interfaceMessageReference(SP_ServicePortT ype/ShipperAnswer/In)

}
out {
sp#producerOrder withGrounding
spWS#wsdl.interfaceMessageReference(SP_ServicePortT ype/ShipperOrder/Out),
sp#producerConfirm withGrounding
spWS#wsdl.interfaceMessageReference(SP_ServicePortT ype/ShipperConfirm/Out
}
[* ShipperRequest inputs a request for shipping including p roduct
type, size, and destination. It outputs a ShipperOffer incl uding

details such as price, delivery date, etc.

ShipperAnswer inputs an answer which is either a rejection o f the
offer, or an acceptance with extra details possibly filled i n, in
return. It outputs a ShipperConfirm which is a confirmation of a
contract for shipping with values which were left optional f illed

in, given any new data provided in the ShipperAnswer and inte rnal
considerations.
*/

guardedTransition ShipperRules
/-k
* Produce offer by Shipper
*/
forAll {?request, ?product, ?size, ?item, ?min, ?max, ?pri ce, ?deliveryDate, ?quotelD } with (
?request[ product hasValue ?product,
size hasValue 7?size ] memberOf sp#shipperRequest
and
?item[ product hasValue ?product,
minSize hasValue ?min,
maxSize hasValue ?max,
price hasValue ?price | memberOf corp#priceListlitem
and
lessThan(?min, ?size)
and
lessThan(?size, ?max)
Il leaving out calculation for delivery date and quotelD
do
add( _#[ product hasValue ?product,
size hasValue ?size,
price hasValue ?price,
deliveryDate hasValue ?deliveryDate,
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quotelD hasValue ?quotelD ] memberOf sp#shipperOffer )
endForAll

/*
* Shipper receives answers and confirms if accepted
*
doForAll {?answer, ?price, ?product, ?size, ?id, ?poffer, ?restriction,
?priceLimit} with (
?answer[ pPrice hasValue ?price,
productType hasValue ?product,
size hasValue 7?size,
quotelD hasValue ?id,
acceptance hasValue accept] memberOf sp#shipperAnswer
and
/I ?answer, above, is the input. The offer below is already
/I in the knowledge base.
?poffer[ pPrice hasValue ?price,
productType hasValue ?product,
size hasValue ?size,
quotelD hasValue ?id] memberOf sp#shipperOffer
do
add( _#[pPrice hasValue ?price,
quotelD hasValue ?id,
productType hasValue ?product] memberOf sp#shipperConfi rm)
/I other details would probably be added
endForAll

The UML \packed answer" diagrams were used to generate the ordtetion and
choreography examples. The communication of each service &scribed in its own
choreography. The orchestration invokes each service whertinst data for it is ready,
composes data for each service when the input it expects is diemt from that which
is produced by one or more other services, advances its own stard generates the
nal goal success or failure.

Three basic services are depicted in the UML diagram, Figure 5.IThe chore-
ography for each was designed by expressing its inputs and outpun WSML with
guarded transitions specifying outputs generated after inpsi upon which they wait
are received.

The user service ouputs a product name followed by a destinati@tcording to
the diagram. [Presumably the quantity of product is includedvith the product name
and the name of the party to recieve the product and to be bilteis included in the
destination, but this is not stated in the diagram.] The user tha inputs a global o er
and outputs a global answer. After this the user service terminas after receiving
0 er con rmation details.

The producer service inputs a producer request and outputs aqaucer o er. It
then inputs a producer answer and, if the answer is positive, quits a producer
con rmation.

Similarly, the shipper service inputs a shipper request and outips a shipper o er.
It then inputs a shipper answer and, if the answer is positive, optits a shipper
con rmation.

* Upon receipt of a Product Name from a user, the producer service invoked and
a producer request is prepared. Because a producer request \@oubrmally specify
the quantity of product as well as the name of the product, thee two components
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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. Althgyh not included in

the diagram, the assumption is that the request has been accepteThis is shown
in the orchestration by a ag in the Producer O er. The change i 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 mexg with 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' choreogtaes can handle them.
* If a Global Answer is a rejection, the Composite Goal is designed a faliure. * If a
Global Answer is an acceptance and con rmations are receivem both the shipper
and producer, a Global Con rmation is created for the user anthe Composite Goal
is designated a success.

Two additional transitions were added to the choreography t@over the cases of
rejection by the producer and shipper which were not includeh theUML diagram:

* If the producer rejects the the Producer Request, a rejectiois prepared as the
\Global O er" that will be returned to the user and the Composite Goal is designated
a failure. In this case, the shipper is never invoked and no GlabAnswer is expected
from the user. * If the shipper rejects the Shipper Request, rajgons are prepared as
the Global O er that will be returned to the user and the Producer O er that will be
returned to the producer. The Composite Goal is designated ailizre and no Global
Answer is expected from the user.
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5 Conclusions

This deliverable has provided the conceptual speci catiorof choreography interfaces
in DIP. A choreography interface is de ned as:

A choreography interface is a mandatory description element that spe Cc-
i es the behavior of a Web service or a Web service request for service

consumption by describing the external visible communication struct ure
(i.e. communicative acts to be interchanged and the process of this) along

with a grounding towards Web service communication technology

The main aspects of this deliverable are:

explication of the underlying model by understanding the bedvior interfaces of
Web services and requests as the main objects of interest forli@ag automated
Web service consumption and interaction

identi cation of the requirements for choreography interdce descriptions

explication and rationale of the approach developed for chepgraphy-related
descriptions of Semantic Web services

detailed discussion oexternal visible behavior for service consumption, commu-
nication structure, and grounding as the central conceptual elements of choreog-
raphy interface descriptions

di erentiation and speci cation of service and client choregraphy interfaces

a comprehensive example for de nition of choreography interce with the de-
veloped description language.

The deliverable is accompanied by the document \DIP Interfee Description On-
tology" that speci es the common description language for clieography and orches-
tration interfaces.
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