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Abstract

Currently proposed Web Service Technologies allow describing services syntactically and semantically
such that users and software agents are able discover, invok, compose and monitor these
services with a high degree of automatidrnereby the services can beonneced with an ontology

based semantic description. Up to the present however, none of these stasdefines a concrete

and selfcontained way otonnecting these services among each other

This thesiglemonstrateshow web service creation and web service discovery can benefit $tarn
connectionsamong serviceand how tlesebenefits can be accomphiedby introducingInheritance
Relationships (IRfpr OWLS (OWLS: Semantic Markup for Web Services, 20@&ihg ideas from
computer science about inheritancEor service creation, this thesis providae possibility b shae
specific elements among these services. This sh&giegpected tesubstantially reduce the amount
of work necessary for creating and maintaining services. For service discavémgerpretation of
IRs among these servicés providedin order © discoverservice substitutes. These substitutes
increasethe choice of a service user or the availability of a specific service.

Together with the developed prototypethe thesis demonstrates the basic feasibility of applying
inheritance for OWAS by illistrating several use casds addition, the thesigprovidesa basis for
further tool development.
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Legend of figures

Classes

There are two different types of a visualized class:
an already existing class from a known ontology or
a new class defirgkin this document.

Existing classThis symbol represents an already
existing OWL class from a known ontoloigyin
most cases from OWS.

Existing class

New class:This symbol represents a new OWL
class defind in this document.

New class

[cardinality]

Property

This symbol represents an OWhjed or data type
property and points to a property connection.

Property

Connections

There are two different types of connections
between two classes.

Inheritance connection:This symbol means that
the class on the left side is an OWL supkass of
the class of the right side.

>
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Property connection:This symbol means that the
OWL class on the left side has an OWL property
with a value from the OWL class on the right side.

IIIIIIIIIIII*

Instances

This symbol represents amstanceof an existing
OWL clas. The text in the symbol represents the
name of the class the instance is generated from.

Instance from .

existing class

This symbol represents anstanceof a hewOWL
clas. The text in the symbol represents the name
of the new class the instance is generated from.

T
Instance from

new class

Placeholder

This symbol represents a placeholder for either:

G One or more paraphrased OWL properties
G Concretedata, e.g. emaiaddress

[placeholder]




1 Introduction

This is alesign science thesis, as describe(Barnstein, 2005)

1.1 Current situation

Current Web ServiceTechnologies such as WS@\Ueb Services Description Language (WSDL) 1.1,
2001) UDDI(OASIS Open, 200&hd SOARSOAP Version 1.2, 20(@fpvide the means to describe

the syntax of such a service. They lack, however, the capability to describe the semantics of these
services whiclare necessarjor the automation of the following servicesks:discovery, invocation,
composition, interoperation and monitoring.

To that end a number of standards such &WLS (OWLS: Semantic Markup for Web Services,
2004) WSDIS (Web Sende Semantics: WSEH, 2005) WSMO(Web Service Modeling Ontology
(WSMO), 2005)and SWSESWSF: Semantic Web Services Framework, 2@0/&) been proposed.
Each of these standards allowsnnecting Web Services with aontologybased semantic
description Upto the presenthowever, only the SWSHiscusses theonnecton of different Web
Servicesamong each otherin order to reuse similar underlying elements and add additional
relationship information. Furthermore, mne of these g¢andards definesa concrete and self
containedway of sharingspecific elementeamong Web Servicesr a concrete way of interpreting
the relationshipamong these services

Theoretically this sharing would alreadyépossiblen the OWL-Sframeworkto someextent since it
is based on OWL ar@WL(Web Ontology Language, 20@Gowsthe shaiing ofits elementsamong
different ontologies The semanticWeb Servicaelescriptiors are represented eachusing such an
ontology and cantherefore also bereused among each othety importing the accordingOWL
ontologes Practically this underlyingOWL connection is not sufficient for the domainseimantic
Web Servicesr OWLS

In order to optmize ths sharing otthe underlying elementef OWLSWeb Serviceamong themand
in orderto benefit from theadditional informationof the consequentiakelationships among them
caused by this sharing concrete definition is needed for such a connettietweenWeb ®rvices

This thesiproposesa solution for that need andalkit Inheritance Relationship (IR)r OWL-S

1.2 Motivation

Shown below are thenotivatingtasksin Web Service creatioand Web Service discovefgr OWL-S
which can beachievedusngthe proposed Inheritance Relatiship (IR).

The concretebenefits of these motivating taskare illustratedin the use cases in <SectiBnhUse
cases. These benefits are mainly derived from thenbéts of inheritance in computer science in
general, as described in <SectidnDefinition of inheritance. The solution which describes how
these tasks can be achiaves described in <Secti@nSolutiors below.

! The definition of a Web Service can be foung$ectionl4: Glossary.
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1.2.1 Web Service creation

In order for the OWAS to be successful there must be a sufficient number of @W\leb Services
availabk. Since there are competitors (WSBLWSMO and SWSF) for the @\Mitamework, having
a critical mass of concrete Web Services created is crucial for its distribUiggprcally, this Web
Service creation means nowadays to begin every time from scratch.

Away to accelerate the distribution of OVW8_is to make OWS Web Service creation more efficient
by allowing one to benefit from the work done for already existing servithsrefore,this thesis
proposesthree ways to do sdiVeb Service Customizatidixtensionand Manipulation

For example, as described later in <SecBadh3 CreateCharlAir>, a new service CharlyAir can be
created by reusing elements of an already existing service while spemdimignal effort on
modifying it.

These three applications ofhe proposed solution can be used complementary, but have
nevertheless essential differences among each qthsrillustrated in Eigurel-A: The comparison of
Web Service Customization, Extension and ManipulatioBenerally speaking, Web Service
Customization allowsdjustingan existing service oa highlevel without touching the underlying
process flow, while Web Service Extension takes place on a deeper level andS¥veice
Manipulation on the deepest the latter are altering the process flow of the service whigdeds to

be taken care ofTherefore the underlying service model needs to be understood in order to change
low-level relationships or process definitioaf the service model

Figurel-A: The comparison of Web Service Customization, Extension and Manipulation

Web Service Customization ‘

Process flow stays

unchanged Exchange components i

A\ 4

Web Service Extension ‘

Process flow needs to be
taken care of

Understanding of service

Change relationships model necessary

Web Service ManipulationNORMAL ‘

Process flow needs to be
taken care of

Understanding of service

han r
Change processes model necessary

Web Service ManipulationSTRICT

Process flow stays
unchanged

Change processes -
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Furthermore, Web Service Manipulati@an be used in two different modes: normal and stricte T
difference between these modes is explained in <Sectib.5 Interpreting Web Service
Manipulatior>.

Web ServiceCustomization

Web Service Customizatialiows reusing the service model atite aorrespondinggrounding of an
existing service. Additionally, individual processes from the service model can be replaced by other
processes with compatible inputs and outputs or even delétenhd only ifthe process flow can be
sustained.

Web Service Exénsion

Web Service Extensiafiowsone to add new processes to the inherited service modielgeneral,
new processes can be added in the normal way by using regularSOWlthe case, however, where
the new processes get inserted into an inherited pEEeomposition, it isetessarito model the
connectionfrom the new processe® the inheritedones Thiscan be done by allowintpe definition

of new input and output bindings. Furthermor@, order to provide the ability to model new process
flow behavor for those new processes, one calsomodel new control constructior them.

Web Service Manipulation

Finally,Web Service Manipulaticalows one to change an inherited service model on a high detailed
level. Thereby, single effects, preconditioasd result conditions(i.e. OWLS Expressiongjan get
replaced;and in case the service model consists only of an atomic procesimpiis and outputs of

this processan bedeletedor added.

However, whenWeb Service Manipulatiois used, only the servicenodel but not thecomplete
service grounding can be inherited (i.e. reused) because of the caused inconsisttwegn the
grounding and its correspondimganipulated service model.

1.2.2 Web Service discovery

Automated Web Service discovery is statself as a motivating taskn future for OWIL-S. The result
of the service discovery, however, depisnheavily on (potentially largeggistries which are used to
this end because there is yet no other way to discover those services otherwise.

A way to discover fevant services without the need of a registrygiven a particular serviceis to
usethe proposed Inheritance Relationship (IR) in its strict form in order to find service substitutes.

For example, as described later iBection3.1.4 Smooth toice incrementvith CharlyAir, CharlyAir
can be discovered as a suitable substitute for BravoAir and thereby increase the choice of a user of
BravoAir.

Web Service substitutes

Once a Web Service is found,\see substitutes can be discoveradthout any registriedby making
use ofthe strict Inheritance Relationship (IRgtween two servicesThis IR is defined such that all
inheriting servicexan automatically be used as completely appropriate substitubeghie service
they inherit fromg in every situation.
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1.3 Requirements for Inheritance Relationships (IR)

Given the motivating tasks frormbove two main parts build the requirementsfor the proposed
Inheritance Relationship (IR}he requirements concerningR Creationand IR Reasoningas
illustrated in Figurel-B: Therequirements listo provide IRamong services

Figurel-B: Therequirements listto provide IRamong services

IR Creation

IR description

wAnN IR description must be able to
express (a) an IR between two O\&/L
services and (b) which elements get
inherited within this IR

Default Inheritance

wSince the inherited elements must
somehow be customizable, the IR
description must maintaidefault

IR Reasoning

IR validation

WA set of rules must exist such that a
reasoner can find out whether an IR
descriptionMboth the syntax and the
concrete interpretationMis valid
(without conflict) or not.

Service substitute discovery

wA set of rules must exist such that a
reasoner can find out that one service
of a specific IR is an appropriate
substitute for the other service

inheritance
according to their IR descriptions

IR Creation
First, in order to enable the motivating ta¥¥eb Service creatigomn IR must be able to exprebe

subtasksWeb Service CustomizatioBxtensionand Manipulation Therefore, an IR description is
needed.

Second,since those subtasks include customizahititys IR description allowdefault inheritancé.

IR Reasoning
First to ensure that an IR can be interpreted without conflidtee IR must comply with some

contracts Therefore, it is necessary to be ablergason about whether a specific IR description is
valid (i.e complies with these contradter not.

Second, since it is a motivating task improving Web Service discovery by finding appropriate service
substitutes without the need of a registry, rules mstist that can automatically assure whether
one service is such a substitute or madccording to the corresponding IR descriptions.

% See <Sectioh4: Glossary
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1.4 Assignment

The assignment of this thesis is to extend G8Vlwith the possibility to maintain Inheritance
Relationships R) between Web Servicés order to reuse elements among different Web Services
and to have this additional relationship information among those services

Since OWAS is essentially an instanbased model that describes the semantics of Web Services, it
iS necessary to provide some external mechanism in order to provide thesBd&suse¢he SWSF
presents already a use case which illustratdsaaic way tanherit and override processes among
servicesone possibility would be to transfer the ideas froMVSF to OWAS and elaborate them.

1.5 Succinct chapter overview

<Chapter2: Technical backgroundprovides the technical background for the (feal) solution of
this approach.

<Chapter3: Use cases illustrates six possible ways how this thesis can improve motivaisig tfor
semantic web services.

<Chapter4: Definition of inheritance represents he first step into how this improvement can be
accomplished, it defines the meaning of inheritance in the domain of services iFSd)&%ed on the
current notion of inheritance in computer science.

<Chaptel5: Solutior> presents the complete solution of how inheritance can be used in the domain
of OWLS: it defines and describes the vocabulary, the interpretation and the necessary conditions of
this usage basedn the SWSkyntax for best readability

<Chaptei6: OWl-syntax> presents the alternative O\Wyntax and illustrates it (using one of the use
cases) by giving a concrete example.

<Chapter7: Dismissed approachespresents approaches to the chosen solution and explains why
they have been dismissed.

<ChapteB: Design decisionsexplains all design decisions taken regarding the (foraudlition

<Chaptel9: Evaluatior» evaluates the (formal) solution of this thesis in the light of the prototype and
compares itriefly with a similar approach.

<Chapter10: Discussion discusses the current findingsd related workand holds my personal
opinion which places this work into the big picture of semantic web.

<Chapterll: Conclusios>summarizes the accomplishments of this thesisl discusses the outlook
includingpossible future work

Chapter summary

Currently, there exists an approach which introduces a basic way to make use of inheritance among
semantic web services (SWSF). The goal of this thesis is now to elaborate this approach and transfer
it to OWLS, which is currently a promising candidate for evolving in the near future. The benefits of
this thesis are an improved web service creation disgovery.

11] 93



2 Technical background

This chapter introduces the technical background of the solution of this thesis. Since the goal of this
thesis is to extend the OW& framework, this framework is mentioned most detailed. In return, the
according competitorare just mentioned by pointing out their main differences to the G8VL

Additionally, the work related to the approach of this thesis is presented and discussed.

2.1 OWL-S: Web Ontology Language for Services

The OWLS(OWL-S: 8mantic Markup for Web Services, 200das been developed for an easier use
of Web Servicésby humans and by software agents. In specific, G3\dnables the automation of
the following tasks:discovery invocation composition interoperation and monitoring of Web
Services, seeFgure2-A: OWLS enabled automation of Web Service tasksThis automation is
achieved by providing a standard ontology (GBJlfordeclaring and describing/eb Services.

Figure2-A: OWLS enabled automation of Web Service tasks

wJsed by service 1_/,.7-7———* — (

registries or

«Enabled by
computer

ontology-enhanced interpretable API
search engines with given
semantics

Automated Automated
Discovery Invocation

AR
NI

Automated Automg'ted
Monitoring Composition &
Interoperation

erforming a
complex task, give
a highlevel
description of an
objective

OWIL:S is built upon OWL. Therefore, OWkepresents a specific OWL ontology.

The main structure of OW& consists of a central service. This service caa aweral profiles and

one service model. This service model, in turn, must have one or more service groundings. These
relationships are illustrated in Kgure 2-B: OWLS upper ontology for Web Services and their
semantic descriptions

¥ OWLS is currently a W3C Member Submission from the 22 November 2004.
* See <Sectioh4: Glossary.In this documentt 2 $6 { S Ndorefén®dtoak aservice

12| 93



OWL:S class: Service

TheServiceclass provides an overview and point of reference for a Web Service. Every Web Service
must be defined by an instance of this central class which can be connected with instances of the
classesServiceProfileServicélodel and ServiceGroundinfpr describing the service in more details.
Such a service instance can be thought of an API declaration for the specific Web ServiEgsee <

2-B: OWLS upper ontology for Web Services and their semantic descriptions

Figure2-B: OWL-S upper ontology for Web Services and their semantic descriptions

% R\
ServiceModel

[0, 1]
How the service P
works . .
ServiceProfile ServiceGrounding
1,
What a service doe OV\k;e gcséee';';% car?
Service

(1]

OWL-S class: ServiceProfile

The ServiceProfilelass provides a bridge between service requesterd service providers. The
instances are mainly meant to advertise an existing service by describing it in a general way that can
be understood both by human and computer agents. It is also possible to use the service profile to
advertise a needed servicequest.

OWI:S provides also @rofile class which is a subclass $érviceProfileThis default class should
include provider information, a functional description and host properties of the described service. It
is possible to define other profile classt®t specify the service characteristics more precisely.
<Figure2-D: OWLS class Expression is used to define logical formalism ¢rudesgribes this more
concrete.

OWL-S class: ServiceModel
TheServiceModetlass uses the sglassProcesgo provide a process view on the service. This view
can be thought of as a specification of the ways a client may interact with a service. It can be used in

different ways by an agent:

G Analysis:Performing a more ktlepth analysis of whethei KS a4 SNIWA OS YSSia
needs.

G Composition:Composing service descriptions from multiple services to perform a specific

task.

Coordination: Coordinating the activities of different participants during the course of a

service enactment.

Monitoring: Monitoring the execution of the service

@)

Q)
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The OWLS: Expression class is used to describe the preconditions and effects of processes in the

process model of a service.
{ <e-mail addresses]
L4
L4

L4
L4
rovider \
ingta)rmation] . "[ <company name>]
*

L 4
L J
L J
o *
] L)
L 4
L4
. [-]
L]
L 4
L J
L4
v I |
y unctiona
description] SOl

A
.
.
.
.
.
L Y
. ServiceCategory
. 4
. L 4
)
.
.

L4
[host properties] :- ] -)[ <quality rating> l
"
1

Figure2-C. The OWLS class ServicePri#iand its hierarchy

Profile

ServiceProfile

[other approaches

OWL-S class: ServiceGrounding

The ServiceGrounding class provides a concrete specification of how the service can be accessed. Of
main interest here are subjects like protocol, message formats, serialization, transport and
addressing This grounding can be thought of the concrete part of the semantic Web Service
description, compared to the service profile and service model which describe the service both on an
abstract level.

Figure2-D: OWI:S class Expression is used to define logical formalism (rules)

[definition of the

logical formalism] xsd: anyURI

LogicLanguage sas
R [1]

) *
Expression F‘

(1]

[expression bodyjr w ., Datatype
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OWIL:S provides an initial default grounding which uses the WSDL in a complementary way.
Therefore, one can benefit from the extensive work done in WSDL for message exchanging using
various protocols and transport mechanisms. G8Vlallows however to use different ground
approaches.

2.2 SWSF: Semantic Web Service Framework

The Semantic Web Services Framew@@&WSF: Semantic Web Services Framework, 2085)
essentially the same purpose as OWI/Lit provides semantic specifications of Web Services; namely
(similarly to OWIS) a comparable service profile, model and grounding.

Although the SWSF has some differences compared to-®WL

G FirstOrder LogicFLOW®Mthe SWSF ontology which provides this semantic specification for
Web Servicedlis expressed in firadrder-logic. OWLS in contrast is expressed in OWL, a
RSOARIF0tS RSAONARLIGAZ2Y €23A0 f I y3QuedSodic ¢ KSNB
Ontology.

Enhanced process modérhe SWSF claims to provide an enhanced process model compared
to OWLS, since it is based on the Process Specification LandBageess Specification
Language (PSL), 200Mherefore it provides We Service specific process concepts that
include not only inputs and outputs, but also messages and channels.

Norn-monotonic language:In addition to OWAS, the SWSF provides SYRslles, a non
monotonic language based on the logi@gramming paradigm whicls meant to support

the use of the FLOWS in reasoning and execution environm@WsSL: Semantic Web
Services Language, 2005)

Interoperability: The SWSF mentions interoperability as an advantage of SWSF ove8:OWL

« An important final distinction between OW& and FLOWS is with respect to the role it
plays. Whereas both endeavours attempt to provide an ontology for Web services, FLOWS
had the additional objective of acting as a focal point for interoperability, enallingr
business process modeling languages to be expressed or related to .FLOVBIVSF:
Semantic Web Services Framework, 2005)

@)

(0]

(0]

2.3 WSDL-S

The Web Service Semantics Framew®keb Service Semtos: WSDIS, 2005has essentially the
same purpose as OWA: it provides semantic specifications of Web Services. Since-8/8Da
semantic extension of WSIWeb Services Description Language (WSDL) 1.1, 2@@it)(only) be
applied forWeb Srvices that are described the WSDL

The WSDIS framework claims on having the following advantages over-OWL

G LanguageThe semantics of Web Services cannot only be described using OWL, but also
using UML or WSDL. The latigould allow the use of already established language in the
domain of Web Service and the former the reuse of existing UML domain models.

G Tool support:Since tools for Web Service description based on WSDL are already available,
semantic tool extension®f WSDLS are likely to be built.
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2.4 WSMO

The Web Service Modeling Ontologweb Service Modeling Ontology (WSMO), 20@f) essentially
the same purpose as OVA: itprovides semantispecificationsof WebServices

Althoughthe WSMO has some differences compared to €8VL

G Expanded focusContrasting to OWAS, the WSMO does not only focus on Web Service
descriptions (service profile, model and grounding), but also on goals that represent user
desires and mediators which areeant to handle thealigning, merging, and transformireg
imported ontologiesautomatically.

Non-monotonic languageSimilar to SWSkhe WSMOprovidesin addition to OWiSa non
monotonic languagewhich is largelypasedon Flogic.

(0]
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3 Use cases

Thelnheritance Relationships (IRxtensionfor the OWLS can be used to improve existing Q®/L
service descriptions and may enable a wider use of the -SW#elf. An overview of thadifferent
ways low this can beachieved is shown irnSectionl.2: Motivation>. This sectiordescribes concrete
use casesf applying the IR extension

Background information on the mentioned frameworks in this use case can be found in <Qection
Technical backgrourd

3.1 Strict IR

This sectionpresens four use cases that illustrate the benefit tfe proposed strict Inheritance
Relationships. Two use cases are about the motivating task service creation, and the other two use
casesare about service discovery. Since there are two kinds of services (atomic and composite ones),
one use case providedfor each kind

3.1.1 CreateEconomyCongoBuy

This use case illustrasehow the atomic serviceEconomyCongoBusan be created reusing some
elements of the similar atomiserviceExpres€ongoBuyvhile complying with the contract of a strict
inheritanceby making use ofhe proposedService Customizatipsee <Section5.1.1: Web Service
Customization.

Keywords:service creation, strict inheritance, atomic service, service customization.

Situation

Expres€ongoBuys an example service published wiitthe OWLS 1.1 Releasg®WLS 1.1 Release:
Examples)It provides a onestep book buying service for the fictitio@ongoshopwith a standard
delivery setting. In real life, however, there migiisobe a second version with a differedefault
delivery setting.Since a concrete delivery is not yet defined in thamgle, this use caselefines
therefore a oneday-deliveryfor Expres€ongoBuyand create a new servic&EconomyCongoBuyith

a slower threeday-delivery.

Aim

Given the existingxpres€ongoBuservice, it would be convenient to benefit from the work ablga
done when creating the othebook sellingservice EconomyCongoBuwystead of beginning from
scratch. Currentlythere is no way to benefit from existing atomic services in order to create a new
one.

Solution
Theproposed Inheritance Relationship (IRgwever, would make it possible to reuse in this case the
service model oExpres€ongoBuyvithin a Service Customization

More concretely the new serviceeconomyCongoBuwan be created by inheriting the service model
from Expres€ongoBuyreplacing the psitive result and adding a new service profile and grounding.

17| 93



The necessary statements for this strict IR are described in SWSL for the sake of human readability.

Service customization
Inherit{AdoptServiceModel(ExpressCongoBuy), Processes, Groundings].

Rename[ExpressCongoBuy * - > EconomyCongoBuy].
ReplaceE xpressions|

Effect(EconomyCongoBuy, ExpressCongoOrderShippedEffect) * ->
Effect(EconomyCongoBuy, EconomyCongoOrderShippedEffect)

Benefit
Basicallythe generalbenefits d inheritance apply to this use case, mentioned in <Secfidn
Inheritance in computer scienee

G Efficient service creationFirst, the reuse of information facilitasethe creation of the service
EconomyCongoBusince the service model dxpressCongoBwan be reusedvithout the
need of completely understanding the already existifxpressCongoBgrvice Therefore,
using Inheritance Relationships (IR) can improvwe efficiency of the creation of similar
services.

G Additional relationship information: At last, the explicit statement of this IR provides
additional information about thetwo services. The use case in <Sect®h.2 Smooth
substitution withExpressCongoBuydescribes the benefit of such an IR.

Walkthrough
A detailed walkthrough illustrates in <Secti2.1: Walkthrough: Create EconomyCongoBuow
the prototype can handle this use case.

3.1.2 Smooth substitution with ExpressCongoBuy

This use case illustratebie use ofa strict Inheritance Relationshipetween the two services
ExpressCongoBwand EconomyCongoBuyhich bah consist each of an atomic procefs service
discovery

Keywords:service discovery, strict inheritance, atomic service.

Situation

A regular customer of the Web ServieeonomyCongoBuyants to buy a book within this service as
usual. This time howevethe service is not able to serve him because the requested book is out of
stock. The customer, however, is in need of that book and therefore wants to order it now.

Aim

The aim of an intelligent system which provides this service should be to suggesipeopriate

alternative in order to make the book buying as smooth as possible for the customer. Therefore, a
AAYAT I NI AaSNIBAOS A& ySSRSR (2 0SS F2dzyR Fdzi2Yl GAOI
him any unwanted surprises.
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Solution
A soltion to find such an alternative automatically can be provided witthie proposed strict
Inheritance Relationship (IR).

In this case, it would be possible to detect that tB&pressCongoBLgerviceis such a suitable
alternative forEconomyCongoBunecause their inputs, outputs and preconditions are equal and the
effect is strengthened in thalternative service compared to the original one. In speciboth
services allow to buy a book via ISBExceptthe shipment of the book is faster ExpressConduy
while the price staysnoderateat the same time

Walkthrough
A walkthrough illustrates this use case in <Sect®@:2 Walkthrough: Smooth substitution with
ExpressCongoBryn more details.

Benefit

The benefit of having a strict Inheritance Relationship (IR) between two services is the ability to
discover semantically related services that can improve the availabili#yceftain physical service

(like bookselling while providing a smooth p@®@S&aa Ff2¢ G GKS &lFYS GAYS
compatibility.

3.1.3 CreateCharlyAir

This use casiustrates how the compositeserviceCharlyAircan be created reusing some elements
of the similarcompositeserviceBravoAirby making use ahe proposedWeb Service Customization
see<Sectiorb.1.1 Web Service Customizatisn

Keywords:service creation, strict inheritance, composite service, service customization.

Situation

BravoAirs an example seise publishedwith the OWLS1.1 ReleasOWLS 1.1 Release: Examples)

It provides a reservation agent for the fictitioBsavoAirairline. In real life, however, therare not

only single airlines available but ratheraegic alliances which have several airlines as its members
in order to benefit from each other by sharing certéiiings Therefore, such a reservation agent is
likely to bereused among different airlines. Even if this agent might be very similar &setlairlines,
there might be airline specific processes involved though.

Considering the structure of thBravoAirexample, it would be natural to assume that the processes
GetDesiredFlightDetajlSelectAvailableFlighand Loglnare reused among the airlies; the process
CompleteReservatiaon the other hand is likely to be airline specific.

Aim
Given the existin@ravoAirservice,it would be convenient to benefit from the work already domeg

creating itin order to create the other airlingervicesinstead of beginning from scratctCurrently,
the only way to benefit in this cageom the BravoAirserviceis to reusets grounding.

Solution
Theproposed Inheritance Relationship (IR), however, would not only make it possible to reuse the
service groundig but also the according service model.

® See<Sectioff: Dismissed approachesor explanatory remarks

19| 93



More concretely the new service&CharlyAircan be created by inheriting the service grounding and
model fromBravoAir replacing the&CompleteReservatigorocess with a new one arateatinga new
service profile.

Sewice customization
InheritfAdoptServiceModel(BravoAir_Process), Processes, Groundings].

Rename[BravoAir_Process * - > CharlyAir].

ReplaceProcess [PerformCompleteReservation * - > CompleteReservation_CharlyAir].

The new input bindings for the process replaceménimpleteReservation CharlyAio not need to
be stated explicitly because they can automatically be taken over from the old process pe
Perform@mpleteReservatiorsince the inputs of these two processes stay completely compal
and have the same IDs.

Benefit
Basically, all the general benefits of inheritance apply to this use case, mentioned in <@ektion
Inheritance in computer scienee

G Efficientservicecreation: First,the reuse of information facilitates thereationof the service
CharlyAirsince the service modeind grounding®f BravoAircanbe largely reusedvithout

the need of conpletely understanding the already existiBgavoAirservice Therefore, using
Inheritance Relationships (IR) can improve the efficiency of the creation of similar services.
Improved service maintenanceAdditionally to this facilitation|R may improveservice
maintenanceamong similar servicebrough economicaldata storage, complexity reduction
within the similar services anthe control gained over the services through thesusel
processes

Additional relationship information: At last, the explicit st@ment of this IR provides
additional information about the according servicdis information iof specific interest
when the IR is bidirectional; in this cadbe IRis made official. The use case in <Section
3.1.4 Smooth toice incrementvith CharlyAir describes the benefit of such an official IR.

@)

(0]

3.1.4 Smooth toice incrementwith CharlyAir

This use case illustratélse use in service discovery aftrict InheritanceRelationshigIR)between
the two Web Service BravoAirand its SubServic&CharlyAirwhich both consist each of a complex
processAdditionally, it illustrates thelifferent impacts of either an officialor a regular IR.

Keywaords:smooth doice incrementservice discoverygfficial strict inheritance, composite service.

Situation
A custome? wants to book a flight with thaVeb ServiceBravoAirbecause aclosefriend of his

recommended him this specific airliné/hen it comes to the concrete bookingowever, BravoAir
has no flights available and the custonfieels not comfortable with changing the airline.

®In general, a custmer would interact with a Web Service only indirectly via a proxy. This proxy is left out in this use case for the reason of
simplification
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Aim

In this case, an intelligent system should be abldind automaticallyflights from other airlines

within a similar experiencéservice quality, rust aspects, etcpomparedto i KS Odza (i 2 YS NI &
choiceBravoAir Or in other words: the system should be able to give the customer more cho&e

smooth way

Solution
A solutiontoA Y ONBYSy (i (KS dddraaiically S&aNIedprovidg®witldt: proposed
strict Inheritance Relationship (IR):

In this case, it would be possible tdfer additionallyto the empty resultfrom BravoAiravailable
flights from the official partnerCharlyAir The fact thatCharlyAircan be detected as an official
partner of BravoAirgives the customer the necessary confidence to switch to a diffailime and
neverthelesstay within a somehow familiame he feels comfortable with.

Walkthrough
A walkthrough illustrates this use case in <Sectf@:4 Walkthrough: Smooth lwice increment
with CharlyAir in more details.

Benefit

The benefit of having a strict Inheritance Relationship (IR) between two services is the ability to
discoversemanticallyrelated senices that can increment the choice of a customer while providing a
smooth process flow at the same tirbecause of the service compatibility

The additional benefit of having l@directional strict IR between two servicestli® guarantee that
those two sevices are official partners. What this means is yet up to free interpretation. It makes
sense, however, to assume that those to services are interested in providing a very similar
experience to the customer in order to please them.

Furthermore, this offi@al IRhas the following beneficial side effects

G Strong Inking: It is guaranteel that all related services can be found that are using this IR
among each other since every participatingvieg is linked with the othergOn the other
hand: using registeis and trying to reason about this strict IR may cause a decidability
problem and is likely to be expensive to calculate.

G Update byparticipation: If all participants of suchreofficialIR are linked among each other,

it is possible to infornautomaticaly all subservicesbout updateghat have taken place in a
SuperService
3.2 Normal IR

This sectiompresens two use cases that illustrate the benefit tife proposed normal Inheritance
Relationships. One use case is about the motivating task service creatirthe other one about
service discovery.
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3.2.1 Create EBookBuy

This use caskillustrates how the composite servic&BookBuycan be created reusing some
elements of the similar composite servi€alllCongoBuyvith basically the same functionalityy
making e ofthe proposed Service Customizatioand Service Extensiowhich are described in
<Sectiorb.1: Applicationsof IRs below.

Keywords:service creationpormal inheritance, composite service, service customization, service
extension similar functionality

Situation

FullCongoBuys an example service published with the Q®B/I11.1 ReleaséOWLS 1.1 Release:
Examples) It provides abook sarch and buying servicter the fictitious Congoshop In real life,

however, thereare not onlybooks but also electronic books-@oks) One couldassumethat Congo

wants to create a new éook service EBookBuywhich might be very similato a regularbook

service but has also some differences though

Considering the structure of thEullCongoBugxample, it would be natural to assume thait the
processesstay the same forE-BookBuy with the excepion of the proceses LocateBookand
SpecifyDeliveryails. Since in the case of anb®ok there is no physical shipment necessary but
rather a delivery by download, this download needs to be provided in an additional process which
has thenameProvideDownloadOptions

Aim

Given the existing-ullCongoBusgewvice, it would be convenient to benefit from the work already
done byreusingit in order to create the other book selling serviedookBuyinstead of beginning
from scratch Currently, the only way to benefit in this case from thdlCongoBugervice igo reuse

its grounding.

Solution
Theproposed Inheritance Relationship (IR), however, would not only make it possible to reuse the
service grounding but also the service model.

More concretely the new servicd&=BookBuycan be created by inheriting theervice grounding and
model from FullCongoBuyreplacing theprocessed ocateBookand SpecifyDeliveryDetaiigsith new
ones, adding a new processovideDownloadOptiorend creatinga new service profile.

" Since Web Service Extension is not yet implementéieiprototype, there is no walkthrogh available for thisse case.
8 See<Sectiori7: Dismissed approachesor explanatory remarks
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Service customization
Inherit{AdoptServiceModel(FullCongoBuy), Processes, Groundings].

Rename|[

FullCongoBuy * - > Full_eBookCongoBuy,
FullCongoBuyOutput * ->Full_ eBookCongoBuy_Output,
CongoBuyBook * - > CongoBuy_eBook,

LocateBookOutput * - > Locate_eBook_Output

]l

ReplaceProcesses[LocateBook * - > Locate_eBook].

Service extension

InsertProcess|
after(BuySequence) * - > SpecifyDownloadDetailsPerform,
after(SpecifyDownloadDetails) * -> Prov ideDownloadOptionsPerform

1.

DeleteProcess[SpecifyDeliveryDetailsPerform].

Service manipulation
DeletelnputsAndOutputs|

Input(SpecifyDeliveryDetails, FullCongoBuyDeliveryAddress),
Input(SpecifyDeliveryDetails, FullCongoBuyPackagingSelection),
Input(SpecifyDeliveryDetails, FullCongoBuyDeliveryTypeSelection)

Benefit
Basically, all the general benefits of inheritance apply to this use case, mentioned in <@ektion

Inheritance in computer scienee

G Efficient service creationFirst, the reuse of information facilitates the creation of the service
E-BookBuysince the service modeind groundingof FullCongoBugan be largely reuse

Therefore, using Inheritance Relationships (IR) can improve the efficiency of the creation of

similar services.
However, sincehe IR used is hormaland not strictg the process flow has to be taken care
of by the service creator himself, and theredohe has to be familiar with the service model,

i.e. study the service, which takes time. Therefore, the savings are rather in lines of code
needed for the new service than in time needed for the creation (as it is also the case for

strict IRs). Consequd, this benefit is smaller compared to strict IRs.
Improved service maintenanceAdditionally to this facilitation, IR may improve service

G

maintenance among similar services through economical data storage, complexity reduction

within the similar service and the control gained over the services through teasel
processes.
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G Additional relationship information: At last, the explicit statement of this IR provides
additional information about the according services. The use case in <Se&Rah
FullCongoBuy suggestBBokBuy describes possiblebenefit of such anR.

3.2.2 FullCongoBuy suggests{BookBuy

This use case illustrates the use in service discovery of a norhaitémce Relationship between
the two serviced-ullCongoBugind EBookBuywhich both consist each of a composite process.

Keywords:service discovery, strict inheritance, composite service, unspecific customer.

Situation
A customer wants to buy a book wih the FullCongoBugervice The specific book, however, is very
popular and thereby currently out of stock

Aim

The aim of an intelligent system which provides this service should be to sugg&siesrsting

alternative in order to make the book buyirg smooth as possible for the customer. Therefore, a

similar service is needed to be found automatically ttaald alsof dzf FAf f G KS Odza G2 YSNIX

Solution
A solution to find such an alternative automatically can be provided wittérproposed Inheritace
Relationship (IR).

In this case, its possible to detechutomaticallythat the EEBookBuyservicecould be arninteresting
alternative for FullCongoBuyecausethey have a normal Inheritance Relationship between each
other. In specific, both servicesdlow buyinga bookwhile it is a physical boak FullCongoBuwhich
needs to be shipped and it is a digital ond&=iBookBuywhich needs to be downloaded

Walkthrough

In order to illustrate this use case more details a concrete walkthrougis proviced which covers
the main interactions between the customer and the system that performs the two sertces
BookBuyand FullCongoBuyas illustrated in Eigure3-A: Interaction between the CongoBuy service
and a customer.

Step 1:First, a customer looks his requested book up usingdbrgoBugervice.

Step2: Second, the service tells the user that in general the books are available but currently out of
stock. Since th&€CongoBuyservice has a normal Inheritance Relationship @R) EBookBuy the
system which is running th€ongoBuyservice can assume th&BookBuyis similar to a certain
degree withCongoBuy Therefore, the system can suggesby making a roughly guessthat the
customer might also be interested in using tB8ookBuy

Step 3:After the user agrees with trying out the suggesteBookBuyservice, the system switches to

the other service and perform&BookBuy In this lucky case the needed input E8BookBuyis also

part of the needed input o€ongoBuyand therefore the same input can just be reused by the system

G2 aSIFNOK F2N St SOGNPEBdokBuyp 221 a 2F Gl F NNEB t200GSNE
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Figure3-A: Interaction between the CongoBuy service and a customer

~
wBook name? (
o ."=-, ) wHarry Potter
Customer
\_
w6 books found, but are all out of stock/”
- ui)r?s?tey:du’?wam to try Congo-Book wves, let me see
e Yy, Customer
N\
(
w6 EBooks available for "Harry Potter]| w(etc)
E-BookBuy
Service Websit| _ Customer

Benefit
Thebenefit of having a normal Inheritance Relationship (IR) foriserdiscovery is the possibility to

detect potentially other interesting services for a customer of a specific service.

However, i is not guaranteed as it is the case using strictgfhat the detected servicéhrough the
normal IRis actuallyof interest for the customerOn the other handa wider range opotentially
interesting servicesor the customercan be discovered using normal IRs instead of strict IRs.
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4 Definition of inheritance

Thefirst part illustrates’ inheritance from different angles. Nowadays, inheritancerisbably most
used in objecbriented programmingand in the domain of knowledge representatjdsut has also a
general meaning in computer science. Furthermore, iitaace hasalso been discovered in the
context of processes.

Based on this already existing meaning of inheritartbe, second partdefines what inheritance
means for OWAS

4.1 Inheritance in computer science

Inheritance in computer science general provide the support for representation gategorization
in computer languages. Thaategorization is very helpful in information processing by means of
generalization and specialization.

G Generalization:An Inheritance Relationship (IR) is essentially builtaonds-a> relation
which represents a hierarchical structure. In this hierarchy, the element on top from which
the element below inherits is more general.

x Example:Since an apple is a fruit (<applessa <fruit>), the apple inherits from the
fruit and therfore the fruit is meant to be a more general representation of an
apple.

G Specialization:Of course, looking at the inheritance from the other side makes elements
which inherit from a general element more specialized.

4.1.1 Types of inheritance

Inheritance can & differentiated using two perspectives. An inheritance can be asserted to only one
of the categories for each perspective.

Perspective: complete or default inheritance 10

G Complete inheritane™: When complete inheritance is used, information that is used by
more than 1 element has to be stored in a more general element. This means that no
redundant information is allowed and information has to be inherited down the inheritance
chain: the generalization must mmplete.Therefore, inherited information cannateither
be altered nor arbitrarily extended.
Default inheritance:When default inheritance is used, information gets inherited from a
general element by default, but this default can be arbitrarily altered and extended in the
specialized elements.

G

Perspedive: single or multiple -inheritance
G Single inheritanceAllows a specialized class to inherit from only one general class.
G Multiple-inheritance:Allows a specialized class to inherit from several general classes.

® Source(Wikipedia, Inheritance (computer science), 2007)

10 Seehttp://de.wikipedia.org/wiki/Konstruktionsgrammatik#Default_inheritance mode(Accessed on July 12, 2007)

" The complete inheritance is equivalent to the differential inheritarioen:/en.wikipedia.ora/wiki/Differential_inheritance (Accessed
on July 12, 2007)
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4.1.2 Advantages of inheritance

The main advan@e of inheritance is the reuse of inheritance and adding new information. The
former advantage, however, leads also to some further advantages that are caused by this reusing of
information.

G Information reuse:Shared information can be stored in a genezadi element and can then
be reused by more specialized elements. In addition to the direct advantage of information
reuse, this can lead to the following additional advantages:

A Economicalinformation storage: The shared information only has to be storedcen
instead of several times for each element.

A Complexityreduction: This generalization of shared information can reduce complexity.

A Gain control:Once a generalization is used, every element that inherits from this general
element can be controlled by it.

G Additional information: Since an Inheritance Relationship (IR) states that the corresponding
generalization and specialization do share a certain structure, the IR provides additional
information about the related Web Services. This kind of informatios wat possible to
express before.

4.1.3 Disadvantages of inheritance

G Yoyo problem: A too intensive use of inheritance can lead to a loss of overview, which is
called the Yeyo problent?.

4.2 Inheritance in object -oriented programming

In objectoriented programmingthe use of default inheritanc@is a specific way of forming new
classes by reusing already defined classes. These new classes inherit attributes and behavior of the
pre-existing classes.

4.2.1 Applications of inheritance

Thereby, one application of inheritanég to reuse existing code with little or no modification for
modeling new classes, as illustrated below:

G Subtyping Subtyping means extending an already existing class with more specific details by
creating a more specialized class with more aspécts
x  Exanple: From a general class <Bank Account> one could build a specialized class
<Interest Bearing Account> with extensional information about the interest rate and
the accrued interest.
G Abstract classesUsing abstract classes, means having a general, abstiegs with only
intended behavior. These intended behaviors (methods) represent in this case placeholders
which are meant to be implemented only now by specialized, concrete classes.

12 seehttp://en.wikipedia.ora/wiki/Yo -yo_problem(Accessed oduly 12, 2007)
¥ See <Sectioh4: Glossary
4 Aspects can be behaviors (methodsattributes

27| 93


http://en.wikipedia.org/wiki/Yo-yo_problem

G Overriding Many objectoriented programming languages permit one naily to inherit
aspects of a general class, but also to replace some of those inherited aspéctthe
according specialized class.

Another application of inheritance in objeotiented programming is to benefit from a modeled
inheritance at runtime, usip polymorphic substitution:

G Polymorphic substitution:Using polymorphisii, one can treat an instance of a specialized
class similar as an instance of the according generalized (abstract) class. This allows one to
leave the allocation to its specific claggen during modeling and choose the claggcific
behavior at runtime, since these instances represent substitutes.

x Example: Given an abstract class <Animal> with an intendgeak behavior a
specialized class <Dog> withbark behavior and a specializedass <Cat> with a
meow behavior. If those classes satisfy the conditions for this polymorphism, it is
possible to choose just at run time of which class the actual instance is and therefore
which behavior gets executed when calling the shared behaspeak the meow
behavior of <Cat> or thieark behavior of <Dog>.

4.3 Inheritance in knowledge representation

Inheritance is also used in the domain of knowledgpresentation(The Principles of Knowledge
Representation and Reasiag, 1993) Two examples are semantic networks and frames.

In semantic networks, conceptsan have semantic relationships among each other in order to
representknowledge These relationships can describe inheritance relationships, i.e. the relationship
aAa lFkAa Fyeo

Frames basically represent concepts which can be used for knowledge representation. This paradigm
is similar to objecbriented programming with the difference that the classes are now called frames
which have attributes, but no methods.

4.4 Inh eritance for processes

The general idea does already exist that inheritance can not only be applied to objects (respectively
classes), as it is done in objexiented programming, but also to processes. Malone dfTablsfor
inventing organizations: Toward a handbook of organizational processes, é99@jn these two

kinds of inheritance as the inheritance for theuns(i.e. objects) andrerbs(i.e. processes).

Thereby, the objectén objectoriented programmingan ke associated wittactions(i.e. methods)
while on the other handhe actions(i.e. processegin this kind of inheritancenay be associated with
objects.

Generally speaking, instead of specializing objects, this approach aims for specializing processes by
associating a specific type to them. These types can then be arranged in a hierarchy, such that every
process can be decomposed in its subprocesses.

It has not yet been defined, however, what inheritance means in QWL

'® Aspects can be athodsor attributes
'8 For further information visi{Harotl, 1997)
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4.5 Inheritance in OWL -S

Since the basi@ea of inheritance has its origin in objemtiented programming, it is necessary to
transfer this basic idea from objectiented programming into the domain of OV in order to
know what means inheritance in OV#L

4.5.1 Transferring inheritance to OWL-S

How this basic idea of inheritance can be transferred from obgetnted programming into the
domain of OWIS can be established by analyzing which elements can participate in an Inheritance
Relationship(IR) and which elements get inherited if such a tieteship exists see Jable 1:
Transfering inheritance into the domain of O\A%>.

In object-oriented

: a Inheritance A In OWL-S
programming

Inheritance Relationship (IR) members

class The element to inherit from Instance of the OWLS
(generalization) class:Service

The element that inherits
(specialization)

Reusable elements

method OWL:S instances
Concrete asp_ects _of an element WSDL grounding

to inherit
attribute WSDL operation

Tablel: Transfering inheritance into the domain of OWS

The essential difference between inheritance in objegéented programming and inheritance in
OWLS is that the former has Inheritance Relationships (IR) between classes and the latter has IRs
between instancesThis difference has an impact on the advantage of inheritance in®WL

Since the OWES atomic process grounding is coupled with the WSDL grounding, and the WSDL
grounding itself is coupled with the underlying WSDL operation, the whole process can giethhe
starting from its OWAS description to its very program code (e.g. java).

4.5.2 Advantage of inheritance in OWLS

Information reuse in OWL -S Already possible Enhanced reuse

enabled by IR
WSDL operation Yes -
WSDL grounding Yes -
unmodified Yes -
OWL:S instances -
modified - Yes

Table2: Enhanced information reuse for O\A&
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In order to find out the advantage of Inheritance Relationships for QWL is necessary to analyze
to what extend the general benefits of inheritance allgaapply to OWAS itself: for the two main
benefits of information reuse and additional relationship information.

Since OWAS is based on OWL, instances and their underlying elements can already be reused to a
certain degree. It is not yet possible, howevi® reuse these instances in a modified way. Therefore,
one benefit of IRs in OW& is the possibility to customize reused elemesee Jable2: Enhanced
information reuse for OWS>.

OWL-S service-service Already available  Enabled by IR
relationship inform ation

Substitute Implicit (reasoning) Ve .

relationship Explicit . Yes

General relationship - Yes

Bidirectional relationship - Yes

Table3: Additional information for OWES

The additional infanation about Web Services that can be given by an Inheritance Relationship (IR)
is the relationship itself. Additionally, in case such a relationship is stated by both IR members, the IR
can provide additional information that the IR is bidirectional. Simvery Web Service can
theoretically create an IR to any other service, this bidirectional relationship makes the IR official and
thereby somehow strongeisee Jable3: Additional information for OWB>.

Furthermore, the speciaklationship which declares one service as a substitute for another one can
also be stated within an IR. This kind of IR can already be provided implicitly by modeling two
services in a compatible way, but it is not yet possible to state this IR eyplietth that it can be
discovered without the need of reasoning a registry.

Chapter summary

Inheritance in computer science has the benefit of information reuse and providing additional
information about the participants. This inheritance is currently mpgpular in the domain of
objectoriented programming and in the domain of knowledge representation. However, inheritance
has also been present in the domain of (business) processes. The approach using inheritance for web
services is a new development. Ttiigsis presents a solution, how inheritance can be introduged

for the first timeMin the domain of OWAS.

Of special interest is default inheritance, since it allows one not only to reuse information, but also to
alter it by overridingor deleting inherited elements.
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5 Solution

5.1 Applications of IRs

Since objecbriented programming defigs already a set of inheritance applicatiotig applications
Inheritance Relationships (IR)e analyzed in order to find out ifnitakes sense tdransferthem into

the domain ofOWL:S. Of course, this transfeioes not represenain exact mappingsincethe IRs of
these twodomainsare somehowdifferent; although it considers the basianderlyingideas of the

specific applicatios

Application transfer to OWL-S
The underlying ideas of the following applications of inheritance in ofgjgehted programniig
make sense to be transfred into the domain of OWE; with one exception.

V Overriding The basic idea of Overriding can be transferred into the domain of-©\W
introducingWeb Service Custoration andWeb Service Manipulation

V Subtypirg: The basicdea of Subtyping can be transferred into the domain of GMhy
introducingWeb Servic&xtension

V Polymorphic substitutiod”: The basic idea of polymorphic substituti¢ire. polymorphism)
can be transferred into the domain of OV8Lby introducing twaypes which an Inheritance
Relationship (IRJan have normal IR and strict IR

U Abstractclasseshy S 02dzZA R (GKAYy]l 2F GNIYaFSNNAy3d (KAa
AyiGz2 aKF@Ay3Rd lasaMIOSafore having their underlying abstract We
ServicesBut abstract Web Services do not comply with the philosopf®Wt-Ssince every
Web Service should be invocalfey its own)by potential customersAn abstract Web
Service with only intended but not implemented behayioowever, would not bénvocable
andistherefore not meant toexist

U Multiple-inheritance: Multiple-inheritance can be transferred into the domain of O®/Las
mentioned in <Sectiob.2.1 Normal IR below.

The resulting applicationsf inheritance for OWAS which can be used both by normal and strict IR,
are describedhextin the following sections.

All three applications describe a different level of expressiveness and can be used comptgmenta

G Web Service CustomizatiorsSectiorb.1.1: Web Service Customizatisn
G Web Service ExtensiorSectiorb.1.2 Web Service Extension
G Web Servie Manipulation:<Section5.1.2 Web Service Manipulatien

The two different types of Inheritance Relationships (IRs) are described afterwards in the two
following sections:

Normal IR <Sectiorb.2.1: Normal IR

G
G Strict IR <Sectiorb.2.2 Strict IR

YPolymorphism in objeedriented programmingHarold, 1997)
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5.1.1 Web Service Customization

The basic concept dverriding in objecbriented programming can beédnsferred toWeb Service
Customizationin the domain of OWAS as illustrated in ®able4: Transferring Overriding to the
domain of OWLS>.

Definition

Web Service CustomizatiWWSC)s defined by the expressiveness describedmtablebelow. WSC
allows replacing atomic and composite processes in the inherited service model thikilenust
comply with the replacement contract.

In order to provide more convenience for human readers of the servicerigéea, each inherited
instance can be renamed by altering the according unique identifier (ID) while this must comply with
the renaming contract.

In caseof multiple-inheritanceMi.e. multiple Inheritance Relationships (lRdhe correspondindRs
must comply with the multiplenheritance contract.

Since there is yet no reason, why process replacements should be possible to prohibit, this is also not
possible in the current solign.

All thesecontracts are defined in <Secti®b.3 InterpretingWeb Service Customizatisn

Overriding Service Customization

(@

in object -oriented in OWL-S
programming

Replacement

Method Inherited aspects to  Instance of the OWLS class:
replace CompositeProcesétomicProcess
Yes Yes

Deletion as a possible

(By throwing an replacement

exception)
Contracts
- Multiple -inheritance contract
Contract name Renamingcontract
Replacementcontract
Renaming
- Inherited aspects to All inherited instances of OWL-Swhich have
rename a unique identifier (ID)
Security
Yes Possibility to prohibit No
(In some languageyp replacements

Table4: Transferring Overriding to the doain of OWLS
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Benefit

As expected, this Serviceustomizationcan be done alreadjo some extend in OW8& Using IR,
however, allows a more powerful way of customizing a servéee Jable5: Benefits of IR for
Service Customization

Service Customization in OWL-S  Already possible  Enabled by IR

Reuse existing processes Yes -

Altered reuse of existing service models - Yes

Table5: Benefits of IR for Service Customization

5.1.2 Web Service Extension

The basic ancept of Subtypingin objectoriented programming can be transferred Web Service
Extensiorin the domain ofOWL-S as illustrated in ®able6: Transferring Subtyping to OV&>.

Definition
Web Servic&Extension(WSE)is definedby the expressiveness described in the talnelow. WSE
allowsadding and deleting newrocesses in the inherited serviogodel

In order to providethe possibility to adjust the process flow, processes get insertetheialesired
control construct. Furthermore, inserted processes can be detached from the control constructs
which they belong to by defaulvhile this must comply with theontrol constructcontract. This
contract is defined in <Sectidn5.4 InterpretingWeb Service Extension

WSE also allows deleting processes via process performance, such that different occurrences of the
same process can be handled individually.

Subtyping & Service Extension

in object -oriented programming in OWL-S

Extension

Method, attribute Elements to add  Process (via control construct)
Contract

= Contract name Control construct contract

Deletion & detachment

- Elements to delete = Process (via process performance)
- Elements todetach = Process (from control construct)

Table6: Transferring Subtyping to OW&

Benefit

As expected, this Service Enlargement can be done already. Using IR, however, allows a more
powerful way of enlarging a service. The additioadvantages of IR are pointed omt <Table7:

Service Enlargement, enabled by inheritambelow.
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Web Service Extension in OWL-S Already possible Enabled by IR

Reuse existing proces descriptions Yes -

Altered reuse of existing process descriptions - Yes

Table7: Service Enlargement, enabled by inheritance

5.1.3 Web Service Manipulation

To enhance the altering possibilities Web Service Customizatiothis thess introduces alséeb
Service Manipulationvhich allows on a very detailed level: the preconditions and effects can be
replaced in the inherited service model, and inputs and outputs can be deleted and inserted from
inherited processes, sedable8: Enhanced altering within Service Manipulation

Service Customization & Service Manipulation

in OWL-S in OWL-S
Replacement
- Elements to replace Expression

Deletion & insertion

Elements to delete  Input
and insert Output

Cortract

- Contract name Result and condition contract

Table8: Enhanced altering within Service Manipulation

Definition

Web ServiceManipulation (WSM)is defined by the expressiveness described in the talbeve

WSM allows replacing expressions, i.e. results and conditions, of processes in the inherited service
model while this must comply with the result and condition contraltis contract is defined in
<Sectiorb.5.5 InterpretingWeb Service Manipulation

Additionally, WSM allows deleting and inserting inputs and outputs from, respectively into an atomic
process

5.2 Types of IRs

There are two types of Inheritance Relationships (IR): normal IRstaict IR.This sectiordefines
those two types of IR and poswut briefly the differences between them.

Even though they are different as a whole, they ayatactically represented (modeledking the
same applications of IR. How this modeliofja gereral Inheritance Relationship (IR) and its
applications can be dons shown in <Sectiob.4.2 Modeling Inheritance Relationships @#R)

The different usage of the IR applications by normal, respelstigtrict IR is illustrated in <Section
5.3 IRapplication map.
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5.2.1 Normal IR

Since inheritance can have various appearances, it is necessary to define which kind of inheritance
makes sense the doman of OWLS.

U Gomplete inheritance:Complete inheritanc is defined such that elements get inherited
which can be extended afterwards while redundant information is not allowed to octwr.
philosophy of Web Services does not allow complete inheritanceaussc Web Service
developers shouldjenerallybe independentamong each othein Web @rvice creationjn
order to allow everyone all around the world to participatEherefore, redundancghould
be allowedto occurwhich contradicts with the definition afomplete inheritance

V Default inheritance: Default inheritance is defined such that elements get inherited by
default which can be modified and extended afterwa(dsaurel J. Brinton et al., 2004ych
that redundant informatbn is possible to occu&ince redundancy is possible to occur among
different Web Services and allowed default inheritance,default inheritancehas been
chosen Furthermore,the advantage of default inheritance is that a specialized element
inheritsa defaut which can bealtered. Thispossibility to alter inherited defaultsnablesthe
introduced applications in <Sectidnl: Applicationsof IR$ and thereby givethe proposed
IR a benefit

V  Multipl e-inheritance: There is no reason whyultiple-inheritanceshould not be allowedor
IRs in OWAS Multiple-inheritancehas the advantage over single inheritaradgoroviding the
ability to replace processes of one inherited service veiliered processesnherited from
another service.

Therefore, the normal Inheritance Relationship (IR) in €BAi& defined as a relationship between
Web Services that allows default inheritance and multipleeritance.

5.2.2 Strict IR

In order to improve not only Web Service diea but also Web Service discovery in O®/this
thesisdefines besides the normal alsosrict Inheritance Relationships (IR). This strict BRvidar to
anormal IR but with additional restrictionsand different semanticsuch thatin every strictiR one
servicecan automatically be used as completely appropriate substituteghferother serviceg in
every situation.

Polymorphism

The basic ideabout this kind of substitution is adopted from the principle of polymorphism in
objectoriented programnmng (Harold, 1997where different kinds of specific class types can be used
assubstitutes for a general one.

Since the functionality of a@WIL-S servicean be defined by four datlinput, output, precondition

and resultz the rules needed to describe such substitutes can be created by describing the necessary
relationship among these data between two servicesch relationshipcan be found irthe domain

of data refinement(De Roever & Engelhardt999)

'8 Seehttp://en.wikipedia.org/wiki/Construction_grammar (Accessed on October 8, 2007)
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Refinement
Data refinement can be seen as tkeenverson of an abstract data mod@hto more concretedata

structures In other words, the abstract data model is more general and occupies a wider range than
the refined data structures.Therefore whenever therefinement applies, the generatlata model
applies alsoModel transformationin objectoriented programmingdefines such a refinementot

only for data butfor awhole operation: the inputs and outputs of two different operations need to
comply both with the signature (i.anust stay compatible), thereconditiors of the operations can

get weakenedand the post conditionsstrengthenedin the substitute operation. Analogously,
whenever the refined operation applies, theriginal operation aples also, see Kgure 5-A:
Refinement in objecbriented programming for an operation

Figure5-A: Refinement in objecioriented programming for an operation

‘ Original operation

Precondition Post conditon Input Output Specialization

y

’ Substitute operation

Weaker Stronger post Input complies Output complies

precondition condition with signature with signature Eanakauzalion

From the other prspective, he weaker preconditions the original operatiorallow more situations
the original operation can be performed jrand the stronger post conditions descrilits effects
more precisely. Logically speaking, a condition is weakened if the arigamdition implies the
refined condition and vice versa for the strengthening.

Weakeningand strengthening

E1: Original element
E2: Refined element

Weakening: E1  E E2.

Strengthening: E2 E E1.

Refinement for services
In OWLS, this operation can stand for a service where the inputs, outputs and preconditiatc

and the post conditions from the operation are mapped to the service result

More concretely the preconditions ofa service substitutemust be weaker than the ones of the
corresponding original service and vice versa for the results

According to e refinementfor an operationin objectoriented programming, the inputs and
outputs of those two services should both comply with some kind of signature or contract. Such a
contract does not yet exidbr services But intuitively, a similar contract fddWI-S would occupy

that the inputs and outputanmust be from the same OWL clasgespectively data typdor each
service Snce an OWL clagselongs to &hierarchy it would also be possible, however, to apply the
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idea of weakening and strengthening to theputs and outputs.Doing s analogouslyto the
preconditions and results, the inputs must be weaker and the outputs strangée refined service

More concretely eachinput type ofa service substitutanust be asubset of the corresponding input
type of the belonging original servi@nd vie versa for the service output types

Figure5-B: Refinement in OWAS for strict IR between services

‘ Original service

Precondition Result Input Output Applies

y

’ Substitute service

Weaker Compatible input | Compatible output

precondition Stronger result (type is a subset)  (type is a superset 4pRiesalse

Definition

Since such a refinement relationship betweenvésgs allows exactly the desired substitutability
discussed abovehis thesistherefore defines strict Inheritance Relationship (IR) as the refinement
relationship between &uperServicand aSubServiceone servicez which one it is concretely can
be freely choserMis a service substitute of the original service such thatase thigriginal service
applies to a certain service request, thelonging service substitu@pplies also.

Therefore, the service substitution can arise in both directions of a striefther aSuperServicis a
strict substitute of the belonging strict original SubService orShbServicés a strict substitute of
the belonging strict original SuperService.

5.2.3 Comparing strict and normal IR

The difference between strict and normal Inhante Relationships (IR) can be explained best by
looking at two different OWAS related tasks: Web Service creation and Web Service discovery.

Modeling an IRvith the goal of achieving a normal IR, every applicdfioIR can be used to its full
extend. herefore everyalterationis allowed as long as it complies with the corresponding contract
of the specific application.

Modeling an IRvith the goal of achieving a strict IR, every application of IR however can be used as
long as thealteration complies vith the corresponding contraalso but not arbitrary: aftethe IR is
modeled, the two belonging services alsaveto comply with the refinement rules of strict IR.

These additional restrictions allow a meaningful interpretation of a strict IR for sedigcovers’. It
is not yet clear, however, how a normal IR can be useful for service discovery.

9 See<Sectionl 4: Glossary
® 5ee <Sectioh.2.2 Web Service discovery
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Conclusion
In short, strict IR is more restrictive in service creation than normal IR, but provides on the other
hand a benefit for service discovery whiclyés not the case for normal IR.

5.3 IR application map

This sectiorillustrates the connection between the two kinds of Inheritance Relationships (IR) and
the IR applications they includ€he different applications themselves of IRs are illustratedrigure
5-C Applications of Inheritance Relationstwps

The strict IR is a (stricter) subset of the normaMMRile the normallRincludesall IR applicationghe
strict IR only includeWeb Service Customizatiand the strict mode & Web ServiceManipulation
In generalhowever,all applications can be used complementary.

Additionally, bothz normal and stricz IRs can be used for web service creation, while strict IRs can
alsobe used for service discoveryhe use ohormal IRgor service discovery on the other hand is
only meek.

The concrete vocabulary of these applications can be found in <Séctiohpplicationsof IRS.

Figure5-C Applications of Inheritance Relationships

Normal IR

A—
Web Services Strict IR

Extension

\________/
CEEEEE—
i Web Service Manipulation
Web Service Web Service Customization P
Manipulation (STRICT)

(NORMAL) J U )

K\

5.4 Create Inheritance Relationships (IR)

This section describes how an IR can be created using an inheritance profile as a n&vp@file
and stating the specifiiRby using either OWL or SWSL ay@tax.

5.4.1 Thelnheritance Profile

In order to createhe proposed Inheritance Relationship (IR), the necessary vocalislprgvidedoy
introducing an Inheritance Profile. This profilescribeanormal and strict IRg while in the case of a
strict IR, theoriginatsubstitute relationship needs to be declar®tincluding the underlying three IR
applications Web Service Customization, Extension and Manipulation which allow one to alter (i.e.
specify) a normal or strict IR.

The proposedapproach makes use of the possibility to provide additional profiethe default
profile as a sutlass of the OWB ServiceProfileas shown irkFigure5-D: The proposedinheritance
profile>.
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Source codéOWL)
<owl:Class rdf:ID="InheritanceProfile">

<rdfs:subClassOf>

<owl:Class rdf:about="http://www.daml.org/services/owl -
s/1.1/Service.owl# ServiceProfile"/>

</rdfs:subClassOf>

</owl:Class>

Figure5-D: Theproposedinheritance profile Mthe vocabulary to create IRand their specification

Independent

StrictOriginal

Strict Substitute

specifiedBy

Specification

ServiceProfile

InheritanceProfile Relationship

[1] SWSHEXxpression

(1]

SubService

externallySpecifiedBy

Service

(1]

5.4.2 Modeling Inheritance Relationships (IR)

It is possible to point either to &uperServicer to aSubServiceising an instance dahe proposed
inheritance profile. This is done by pointing tpeoperty containsto an instance of either class
SuperServicer SubService

Source cod€éOWL)
<owl:ObjectProperty rdf:ID=" contains ">

<rdfs:range rdf:resource="# Relationship  "/>
<rdfs:domain rdf:resource="#InheritanceProfile"/>

</owl: ObjectProperty>
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Those classes are both subclasses of the abstractR&dasonship

Source cod¢OWL)
<owl:Class rdf:ID=" Relationship ">

<owl:unionOf>

<owl:Class rdf:ID="SuperService"/>
<owl:Class rdf:ID="SubService"/>

</owl:unionOf>

</owl:Class>

Such arinheritance relation has to declarglearlywhetherthe current service is either the one that
inherits from another service or the one thaets inherited by another service. Therefore, an
inherited related service can only be an instance of either the Gag®Serviceor SubServigebut
not of both.

Source cod€OWL)
<owl:Class rdf:about="#SuperService"/>

<owl:disjointWith><owl:Class rdf:about="#SubService"/>< /owl:disjointWith>

</owl:Class>

Furthermore, since the IR can either be normal or strict, the type of this inheritance must be stated
using the propertyromTypewhich points either to an instance dlormalor Strict

Source cod€OWL)

<owl:ObjectProperty rdf:ID="fromTyp e">
<rdfs:range rdf:resource=" #Type "/>
<rdfs:domain rdf:resource="# Relationship  "/>

</owl:ObjectProperty>
<owl:Class rdf:ID=" Type">
<owl:unionOf>

<owl:Class rdf:ID=" Normal "/>
<owl:Class rd f:ID="  Strict "/>

</owl:unionOf>
</owl:Class>
<owl:Class rdf:about="# Normal "/>
<owl:disjointWith><owl:Class rdf:about="# Strict  "/></owl:disjointWith>

</owl:Class>

In order to show which service is actually meant to b8uperServicer SubServicethe property
hasSourcshould beused to point to the specific service.
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Source codéOWL)
<owl:ObjectProperty rdf:ID="hasSource">

<rdfs:range rdf:resource="http://www.daml.org/services lowl -
s/1.1/Service.owl#Service"/>
<rdfs:domain rdf:resource="# Relationship  "/>

</owl:ObjectProperty>

Specifying the IR

The proposednheritance profile allowsne to modifythe default inheritancé by either using the
property externallySpecifiedBgr specifiedBy The former property uses an OV#Expression to
state thealterationand the htter plain OWL for the same purpose.

How the concrete specifications can be modeiedescribed in the following sections:

G Modeling Web Service CustomizationSectiorb.4.3>

G Modeling Web Service ExtensionSectiorb.4.4>
G Modeling Web Service ManipulatiorsSectiorb.1.3>

For the sake of human readability, the OWIExpressiowith SWS# as the chosen language used
from now on in order to explairmodeling the IR specification in more details.The plain OWL
representation of thdR specificatiorran be found in <Sectidh OWLsyntax.

Source cod€OWL)
<owl:ObjectProperty rdf:ID=" externallySpecifiedBy ">

<rdfs:domain rdf:resource="#SuperService"/>
<rdfs:range rdf:resource=" #SWSL Expression "/>

</owl:ObjectP  roperty>
<owl:ObjectProperty rdf:ID=" specifiedBy ">

<rdfs:domain rdf:resource="#SuperService"/>
<rdfs:range rdf:resource=" #Specification ">

</owl:ObjectProperty>

As illustratedin <Figure2-D>, any logical formalism can be used to state an expression in-©\WL
order to use the SWSRules as one option to define the IR applications, a new EX8kssiomas
been createdn the proposednheritance profile where thé.agicLanguageoints to the URI of SWSL
where those rules are defined.

# See <Sectioh4: Glossary
2 |n specific, the frame layer is used from this language
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Source code (OWL)

<Expression: Expr essi onExprfe sl sDi=00nSOMNS L
<rdfs:subClassOf> <owl:Restriction>

<owl:onPro perty rdf:resource="&Expression;expressionLanguage" />
<owl:hasValue rdf:resource="#SWSL" />

</owl:Restriction></rdfs:subClassOf>
</Expression:Expression>

<Expression:LogicLanguage rdf:ID="SWSL">

<Expression:refURI rdf.datatype="xsd:anyURI">
http://mwww.w3.0 rg/Submission/SWSF - SWSL/
</Expression:reflURI>

</Expression:LogicLanguage>

In order to connect thedR specificatiorstated in the inheritance profile either with an OWLES
Expression owith plain OWL- with the caresponding service modeihe assumptionis madethat
every element that is referred in the inheritance profile mbave an unique identifier (i.e. a URl
in the belonging OWE service model ontology.

Following the OWAS example services, this assuroptiturns out to be reasonable, since such
identifiers are availablen those examples

5.4.3 Modeling Web Service Customization

First, one carcthoosewhether the service modeind groundings get inheritedr not. Additionally,
one can alscadopt a particular praess from theSuperServicas the new service model in the
SubService

Second, one cagq for better human readabilit rename all inherited instances from the inherited
service model which have a unique identifi®nce the renaming statement kheen mae, only the
new names can be usedather statements.

Third, one can replace inherited atomic and composite processes with either gtocaksor with
an inheritedprocesdrom anotherSuperService

Last, one can delete inherited atomic and compositecpsses.

Vocabulary of Web Service Customizati¢®WSL)
Inherit{AdoptServiceModel(PID INHERITED), Processes, Groundings].

Rename[ID \\nerimep * - > 1D repLacement

ReplaceProcess[PPID  yueritep *- > PID repiacemenPNSrepLacemenr

Shorthand
{X/y} stands for either x ory.

% 5ee <Sectioh4: Glossary
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Placeholders

PIDwuerirestands for thd D™ valueof an inheritedinstance ofeither the OWLS classé\tomicProcess
or Compositrocesand represents generally speaking a procélswe the same process can occur
several times in an OW& service model by using different performances of that proocghsn a
process gets replacetie process performancgets pointed toinstead. TIg gives one the possibility
to handlemultiple occurrences of the same process individually.

Therefore,PPIDnueritestands for thelD value of an inherited instance of the OVBLclas$erform
and represents generally speaking an occurrence, respectiyeyform of a process.

Analogue,|Dyerirestands for the IDvalueof an arbitrary inherited OWSB instance.

IDrepLacemeistands for a new IDalue(i.e. name)which can be chosen. This vallmwever, must be
different from the inherited |IDvaluesin orderto avoid conflict.

PIDsep acemeiRNSRepiaceverstands for the URI within which the new process performance can be
identified which replaced the inherited one; whidDsep acevergtands for the corresponding ID and
PN&epacevedor the correspoding namespace. In the case where the new process performance is
defined locally in the service model of the new servicand not an inherited one from another
SuperService only PIDwep acevens required, because the namespace is already given byeke
service ontology.

Statements

The moleculdnherit[] expresses which elements of tt&uperServicare inherited.One caninherit
the service model from the SuperService by statigmethodAdoptServiceModéP|Dyerrepwhile
P1DwHerite€an refer b anyprocess from the SuperServiot only to the process used for its service
model) Processesnust be stated in any case amdpresses thathe processes from the service
model of the SuperServiagget inherited In both cases, if one eithexdopts aservice modebr not,
the servicegroundingscanbe inheritedby stating Groundings

The moleculdRenam§ expresses theenamingof inherited OWL-Sinstances This renaming means
alteringthe belonging IDbf these instances

The moleculeReplaceProcefsexpresses the replacement of inherited procespesformance by
connecting it to a new process

Example
An example how a concrete Web Service Customization can look like is illustrated in the use case in
<Sectior3.1.1 CreateEconomyCongoBuy

5.4.4 Modeling Web Service Extension

First, one camnsert new processes into the inherited process model, either before or after a specific
inherited process performance

*The ID is actually an RDF ID (unique identifier) from the Resource Description Framework
% See <Sectioh4: Glossary
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Second,n order to connect the new insertedrgcesses with the inherited process model (i.e. the
process flow), one can model the necessary new bindings which connect inputs and outputs among
each other

Last,in order to define the process flow for the new inserted processes one can also create new
control construct for these new processes, respectively process performalmcesder to provide

full flexibility for choosing in which control construct the new processes should be inserted, it is
possible to detach them from the current control constrtieey are by default member of.

Vocabulary of Web Service Extension (SWSL)
InsertProce  ss[{after/before}(PPID wHeriTED) ¥ - > CCID newCCNS\ed-

DetachlnsertedProcessFromCurrentControlConstruct[PPID newPPNSyed-

DeleteProcess[PPID  \nueriTeED]-

Shorthand
> stands for similar entries that are meantfimlow.

Placeholders
PPIDwneritestandsfor an inherited process performanc€UDye CANSewStands for a new process
performanceor a control construct in general which contains process performances

Statements

The moleculensertProced$ expresses the insertion of a new procgerformances, respectively
control constructdnto the inherited service model either after or before a specific inherited process
perform.

The moleculeDetachinsertedProcessFromCurrentControlConstruexpresses a detaching of an
inserted process performance from the current control construct. This molecule carpjied
several times for the same process performance.

The moleculd®eleteProcességkexpresses the deletion of an inherited processes performance.

5.4.5 Modeling Web Service Manipulation

First, one camreplace inherited OWS Expressions which means one cahegitreplace inherited
conditions or effects where conditions can occur as preconditions of presessas conditions for
process resultsin order to address the effect, one has to provide the unique identifier for the
corresponding result which the effebelongs to, because it is unlikely that the effect itself will have
such an identifier.

Secondpne can delete inputs and outputs of an inherited proc@&sdoing so, it is no more allowed
to inherit the service groundingfor the corresponding (atomicprocessbecause of the caused
incompatibility between service model and groundings.

Last,one can also add new inputs and outputs to inherited proces&ealogue, by doing so the
service grounding®r the corresponding (atomic) procesannot be inheriéd anymorealsa
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Vocabulary of Web Service Manipulation (SWSL)
ReplaceExpressions[{

Condition(CID) * - > Condition(CID:CNS)/
Result(RID) * - > Result(RID:RNS)

3

Deletel nputsAndOutputs[{Output/Input}(APID, {OID/IID})].

AddInputsAndOutputs[{Output/Input}(APID, {OID:ONS/IID:INS})].

STRICT and NORMAL mode

Web Service Manipulation can be used in two different modes: strict and normal. These modes
correspond with the two Inheritance RelationsHiiR) types (strict and normal), see <Sectio?

Types oiRs.

In case, Web Service Manipulation is usechammal mode i.e. in a normal IR, every statement
introduced in this section can be used.

In the case of thestrict mode i.e. when Web Service Manipulation is used in a strict IR, only the
ReplaceExpressiongtatement can be used.

Placeholders

AD stands forthe ID of arinherited condition 1D AD:ONSstands for a arbitrary conditioridentifier
while a condition can either be a result condition or a precondijt®istands foran inherited result
IDvalue RDRNSstands for an arbitrary resuidlentifier.

ARDstands for the ID of an inherited atomic process.

Statements
The moleculeReplaeExpressior expresses the replacement ah inherited precondition, result
condition or effect with a new one.

The moleculeDeletelnputsAndOutpuf$ expresses the deletion of either an input or output of an
inherited process performance.

The moleculeAddinputsAndOutputf expresses the insertion of either an input or output into an
inherited process performance.

5.5 Interpreting the IR

This sectiordescribeshow an Inheritance Relationship (IR) and the correspondisgéRificationare
meant to be interpreéd by any softwarereatedin future.

5.5.1 SubServiceand SuperService

An Inheritance RelationshidR) has exactly two members: SubServicand aSuperServiceSuch an
IR betweentwo services is interpreted as the intent th#fte SubServicevants to inherit fom the
SuperServiceSince the IR allows multipleheritance, aSubServicean have severduperServices
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using multiple IR A service can also beSuperServicand aSubServicat the same time but for
different IRs.

5.5.2 Official IR

In case that the Inh@ance Relationship (IR) @eclaredin both ontologies of theparticipating IR
members, the IR is made officiklowever, this official IR is yet open for interpretation and does not
have any effect so far.

5.5.3 Interpreting Web Service Customization

The Inheitance Relationshi(IR) specificatioiWeb Service Customizatidras an effect on the
SubServicavhich inherits from &uperServicavhen it gets interpreted

The interpretation of each statement is described below. Furthermore, contracts are introduced
which the IRspecificationneeds to comply with in ordeto be able tointerpret the IR without
conflicts.All the contracts refer to the OWL syntax of the IR specification.

Create a copy
Thelnherit[ServiceModelProcesseszrounding$ statementgetsinterpreted as follows

The termProcessesnust always be included in the statement. Therefore, by default, a copy of the
ontology which contains the service model of the SuperService gets integrated into the service
ontology of the SubService.

If Groundingds included in the statement, a copy of the ontologjich contairs the groundings of

the SuperServicgyets integrated into the service ontology of th8ubServiceThe groundings
ontologies need to be copied in order to be able to extend them with new prosesdéed to the

new service modelThe WSDL documents do not need to be copied and can stay referenced in the
copied ontology.

If ServiceModeis included in the statement, theresentsproperty value of the service instance from
the SubServicgetssetto the new URI of thecopiedservice model from th&uperService

If Groundingds includes in the statemeng supportsproperty valuegetsset for eachgroundingof
the SuperServicén the service instancdrom the SubServicéo the new URI of the correspuding
copiedservice grounding from th8uperService

In case any copies are madéetnamespacef the copy changes to the namespaoéthe service
ontology from theSubServicéor both the inherited service model angervicegroundings. Thereby,
possiblyconflicting IDs must be renamed either manually or automatically.

G Contract to comply withMultiple-inheritancecontract(described below)

Rename
The Rename[llRuerites -> |DkepacevehStatement gets interpreted such that thelD value of an
instance fom this ontology copywhichmatches|Dyyeritegets replaced bYDrepi acevenT

G Contract to comply withRenamingsontract(described below)
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Replace processes
The ReplaceProcef2PI0vreriten*-> PlRepacemei?NRerLacemehTStatement gets interpreted as
follows:

Frst the inherited process performance instangetsidentified by PPIDyyeriten Then, the process
resource value of this process performarmgets replaced byhe compo#ion of PNRep acemerand
PI1D:erLacememvhich represent a valid URIgether.

Second, the namespace of the parameter resource value of the input bindings of the identified
performance gets replaced lthie according namespace from the new inputs which can be found via
the new process

Last,the corresponding OWSE result insince gets identified via the process which tldentified
performance belongs to. In this resuithe output bindings getaltered in such a way that the
namespace of the parameter resource gets replaced by the according namespace from the new
outputs whichcan be found via the new process.

G Contract to comply withReplacement contradtescribed below)

Contracts
The necessary contracts to allow an interpretation\édb Service Customizatiaithout conflict are

the followings:

Multiple-inheritance contract Since an OWE serviceean only have one service modtéin case of
multiple-inheritance (i.e. multiple IR$jthe service model can only la@optedonce by a SubService,
respectively it can only be adopted from one of all oStgperServices

Multiple -inheritance contract (First Order Loggcrefers to OWL syntax)
L am, YL, UYR, "0 1,M02 DO ¢
AN M AEAD £ < @,V > v OY GEEON@I T < A,V > N OY GEEoel T < "YM,"Y1 >
NOY QXIS G T < "YR,"Y2 > N OY i QXIS T < N1, 1>
N OY CRERGQUED £00) T < "2, 2> N OY (RSN UKD £00) +

VY = Y.

Renaming contractThe original Dyperirednust existin the inherited ontology. The neWDzep acemenT
must also not conflict with the already existing or inheritaes.

Renaming contract (First Order Logjecefers to OWL syntax
1", 'Y0, & DO m OO, YO Diw ¢
"N CWOKTEEOE T < "Y,'Y0 > N OY GEEORI 600QRQ T YO N YR @D < Y),0'@> N OY 0@
<OAO>NOYO
00= VO.
R NAD HIN O XA OF:
O N CWOKTEGEE T < "0,Y0 > N OY RS 0000 ®Q T YO N YEM T < Y0,0@>N OYEQ'©@ T

< OEO@> N OY'® ~
iD= GO.
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Replacement contract (First Order Logjcefers to OWL syntax
1 ™Y,0°Y,600,00,Y0,06700; 60"Yown 60w §7@: 0oy, ™ "WOU; "Wi"Yooh WO QR 6 "W D ¢

"o v 0D WOKTETE: T < "B,0Y> N OY GEodei 5 @R Y v 05 i 001 YR Go ™ < Y,600
>N OY I GaEreBi £ ~ < 500,60 > v OY qieddi ~ < OY,Y0 > v OY 0'adbi £Gai
< 60,070 " OY '@i'®Noeo ™ < Y5," WO v OY "@i'®neo ~ < 6" 5 o>
N OY G G BN < "WOWD o> v OY fd di B TmQ” < 50500
v OY NG GBI N0 < "WOWER> N OY A G8 BATRQT < §'Q5aD> v OY '@
< "WOWD > v OY 'O

607 P05 "WOTYe™ @B 50T P05 WO §'aD = "YYaD.

)
I ™Y,0'Y,000,00,'Y0,00:0; 60" @ 600" @Q §6@: 0w ™ "Wi:0; "W b wh "WiQ @ "Wi '@ Diw #

C

N v 05 HOKTEBE: © < "B,0Y> v OY (E2a50i 658Q' @0 U'YN 05 Gl éGai YOI Go " < 0,600
> n OY 1D €40 " < 650,60 > v OY &G T < 5,0 > v OY 0'adi £
< 65,50 >N OY @i 560100 ™ < Y5, Wi > v 'OY '@ 566100~ < 06,00"o>
N OY AG Q8GR < WO, "WOTYo> v OY A 68 'GRTRQ” < 60,6070>
N OY NG Q8 BT < WO, "WETQ> v O A G B NQT < 56,5 > v OY '@
< WO, WO'@ > v OY '@

T 06 00" POS "WOTYeT 06 00" PO WM T 0@ = "WO'@.

|, 5Y,550,65,Y0,6°055, YOG 55 ¢
b N 05 WOKIRTE: T < ™,0Y> v OY (E2a50i 68Q@QT O'Y M 05 Ol £ VRATE GO < O'Y,000
>N O i QB edli "< 600,60 > v OY i édi ~ < OY,Y0 > v OY 0'adi ¢
< 60,00 OY '@'BN6o ™ < Y5, YO v OY Wi '®160 T < 65,60 > v O "W 660160
<Y0,YO > v 'OY @ 663160

T O#05 0'0= #05 YO #05 00 = #05 YO .

1 ™,0Y,600,00,Y0:0; m60618 0060, Y0618 YO6D,0°YL8 G'Y ,'YYL8 'YYO:\ ¢
" N CH "WOKTRESOE T < ",0Y> N OY cEE Qi 6660 '@Q" 0'Y N 08 01 £aKhi YOWLEH GO~ < 0Y,000
>N OY i edEiDi i ~ < 000,60 >~ OY Riéddi = < 0, YD >~ OY 0'adiédai -
< (0,60618 06D >~ 'OY '@ 01 AEE'CEE ~ < Y0, Y0618 Y069 >
N OY '@ 01 QLA ~ < §0,0'YL8 0¥ >N OY "@i'YA6MD ™ < Y0, YYL8 'YYO >
N OY @5 YA 66

6061~ G062° 8 606D+ 'YO61~ Y062~ 8 Y069 T (YYLT YY2T 8'YYO+ O'YLT G627 80°W ).

Replacement contractThe inputs and outputs of the process re@awent must match number and
type with the inputs and outputs of the replaced process in order to maintain compatibility.
Additionally, the preconditions and effects of the two processes must comply with the refinement
concept €Figure5-B: Refinement in OWE for strict IR between services

In case the input, respectively output types of the process replacement are objects, the input types
must either be from the same OWL class or from an OWL superclass compared to the origgshal one
and the output types must either be from the same OWL class or from an OWL subclass compared to
the original ones. In case the input, respectively output types of the process replacement are data

48| 93



GelSazx GKS O2yRAGAZY A& ljFdRSIljédzl TBNI ANY LIdINDY &aNBR2ETLISCx
Slidzl £ ¢ F2NJ 2dzii Ldzi Ge&LISaod

The preconditions of the replacement process must be weaker and the cumulative results stronger
compared to the original ones.

Furthermore, the ID values of the inputs and outputs of thbse processes must be the same in
order to be able to assign them correctly.

5.5.4 Interpreting Web Service Extension

The effect on the SubServicef the Inheritance Relationships (IR) specificatiming Web Service
Extensions describedn this section

The interpretation of each statement is described below. Furthermore, contracts are introduced
which the IR specification needs to comply with in order to be able to interpret the IR without
conflicts.All the contracts refer to the OWL syntax of the IR sptibn.

Insert processes
ThelnsertProcess|[{after/before}(PRillReriteb*-> CMyewi CANSey] Statement gets interpreted such
that first the process perforngets identified with the ID valuéPIL\erTen

Second, the new control construct, identified Bye URICODeiCANSew gets inserted before,
respectively afterMdepending on the stated functioafter() or before() Mthe identified process
perform by altering the corresponding list or bag.

Change control constructs

The DetachlnsertedProcessFromCurrentControlConstRIRIewPPNREy] Statement gets such
interpreted that the process performande” Qe PPNRewgets detached from the control construct
which it directly belongs to if that is possible.

G Contract to comply with:Control construct contradidescribed below)

Delete processes
The DeleteProced®PIDwermm Statement gets interpreted such thdirst the specific inherited
process performance gets taken out of the control construct it is included in.

Second, the inputs, outputs, preconditions and results of the composite processes get replaced by
the newlycomputed ones.

Contracts
The necessary contracts to allow an interpretationééb Service Extensiavithout conflict are the
followings:

Control construct contractA process performance hadwaysto belong (directly or indirectly) tat
leastone contol construct in order to provide a valid OV¥Lserice model
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Control constructcontract (First Order Logigrefers to OWL syntax
I ™Y,000; m0°Q0,660,666,60 D) #

N 05 WOKTRE: T < ™,0°0- v OY 450 66 @Q” 'Y v D 0i¢dni®inse: - < 506 >
N OY QIR0 T §ON 05 §Q@iG T < §°QD >
N OY RiEGET T (660 N 05 BéEd EbEET G ORI T < 660,0°0> v OY "M o
506 N 05 GEEA EDERI G OGBBR " < 666,0°0> v OY A

66 N 05 6EEA £DEEI A 6D ~ < 66,070>

NOYSaE oY QIQT OY O'eabiédni Oy 6esiedni )"

Er
1
[af]

5.5.5 Interpreting Web Service Manipulation

The effect on the SubServicef the Inheritance Relatiorsps (IR) specificationsingWeb Service
Manipulationis describedn this section

The interpretation of each statement is described below. Furthermore, contracts are introduced
which the IR specification needs to comply with in order to be able to pre¢rthe IR without
conflicts.All the contracts refer to the OWL syntax of the IR specification.

Replace results and conditions

The ReplaceExpressiog€ondition(CID) # Condition(CID:CNResul{RID) *> Resul{RID:RNS)}
statement gets interpreted suckhat first the inheritedelement on the left side of the *-> gets
identified byits ID valueCIDin case of a condition, respectivélyDin case of aesult

Second, &ondition(CID) - Condition(CID:CNStatement gets interpreted such that the idefitid
condition gets replaced by an either inherited or new condition identified by its ID and namespace
valueCID:CNS

AResultRID) *> Resul{RID:RNSstatement gets interpreted such that thdentified inherited result
gets replaced bgither an inheried or new result identified by its ID and namespace vallig RNS

G Contract to comply with:Result and conditionontract(described below)

Alter inputs and outputs

The DeletelnputsAndOutpuf§Output/Inputi(APID, {OID/IID})statement gets interpreted sucthat
the instance of an OWS output, respectively input identified by its ID valu&D respectivelyl|D
gets deleted from an inheritedtomic process which can be identified by its ID vahig

Additionally, every input and output binding gets deletiedcase the source points to the deleted
input, respectively output.

The AddIinputsAndOutpu{$Output/Input}(APID, {OID:ONS/IID:IN|Sistatement gets interpreted
such that new inputs, respectively outputs get inserted into the inherétmnic process whikh can

be identified byPID The inserted inputs, respectively outputs themselves get a reference to their
identificationOID:ONSrespectivelyID:INS

Finally, the inputs and outputs of the composite processes (including the one which represents the
servce model) get replaced by the newly computed ones.
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Groundings
In case, the service groundings are not left out, i.e. get inherited sgeeificgroundings for every
(atomic) process a Web Service Manipulation is apieget removed from the copied onlogy.

Contracts
The necessary contracts to allow an interpretationséb Servic&xtensiorwithout conflict are the
followings:

Result and condition contractWhen Web Service Manipulation is used in strict mode, i.e. in a strict
Inheritance Relationshi@R), the replaced results and conditions have to comply with the refinement
principle for strict IRs, as described in <Sech@h2 Strict IR-.

Therefore, in case of strictdRhe new conditions mst be weaker and the new results stronger than
the old ones.

Result and condition contract (First Order Logicefers to OWL syntax)
L™, YY,6Y:0; 0Y,0°Y,06,06:V ¢
Y N 0B "WOXTRESEE T < "Y,'YY> N OY GEEaS0i 68 QQ T < "Y,8'Y> N 'OY 80 6660 'QQ " YY
NQS YQOBYROH EO T &Y 09 08 QA0E YAHMNH Go T < YY,('Y>
NOY TEEYQ 600 T < YY,0'Y> N OY OGN 60 T < 8Y,06 >
N OY T QENEBEE TEEE ~ < 6Y,06 > v OY 0'adéE OaE ~

U6+ 667 0Y+ O

5.5.6 Downward propagation ofIR changes

Thelnherit]] statement interpretation from Web Servicai§tomization has to be defined in the case,
where aSubServicef a certain Inheritance Relationship (IR) is itself alSoperServicef another IR
with a third service, e.gi inherits fromdBe and 6B€ inherits fromGAs.

In such a case, wheaiX inherits from éB¢ Mwhile B¢ is aSubServicef 6A¢ and aSuperServicef
oC at the same timez the Inherit]] statement in && must be interpreted after thelnherit]]
statement indBe is interpreted or generally speaking: theherit]] statement must be interpreted top
down, beginning at the top of the inheritance chain. This way, all the changes madeWsing
Service CustomizatipExtensiorand Manipulationget propagated downwardwithin the chaingz if
they are notoverriddenthemselves

Figure5-E Downward propagation of changes within the inheritance chain

Service A Service B Service C

uProcess X winherited process X winherited process X
uProcess Y uReplacedorocess Q winherited process Q
uProcess Z uReplacedorocess R uReplacedorocess S

In <Figure5-E Downward propagation of changes within the inheritance chainowe where service
OC inherits from servicedB¢ and 6B¢ from GA¢, the changes in serviadE (replace processYe with
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0Q¢, and 6z with oR¥) are propagated downwards to servig€, except for the one change that is
itself overridden (replace procesBs with 6).

5.5.7 Service sibstitutes

Both the SuperServicand SubServicef a strict IR can bmterpreted as a service substitute fdine
correspondingservice in the IRas it is explained in detail in <Sectm@.2 Strict IR-.

5.6 Validating the IR

An Inheritance Relationship (IR) validation should take place daridgafter themodelingof the IR
specificationin order to ensurea conflict free interpretation of the IRy checking the corresponding
conditions folWeb Service Cusnization Extensiorand Manipulation

An IR is valid if adlorrespondingconditions of the IRterpretation are satisfied.

5.6.1 Normal IR

In generalthe SubServicaemainsin dependerty with its SuperServicafter having modeled and
interpreted an Inheritane Relationship (IR), becaud®e SubServiceanindeed copy the service
descriptions but not the underlying executable program it$eis reusing, respectively inheriting
alsa Therefore, whenever changes are madetlie SuperServicethe SubServicehas to check
whetherthe executable prograrof the SuperServices still compatiblerespectively without conflict
with its service descripiin.

An exceptiory where there generally is no need for such a validafiteefines the case where only
the service model but not its groundings get inherited. In this case, all the informatiich vis
subject matter of the IR can be copi@ato the SubServiceand therefore theSubServicds not
dependent of theSuperServicafter the IR is once interpreted

Since &uperServices probablylikely to change, aolutionis neededo maintainthe functionality of

a SubServiceOne solutionis simply to assume thatis SuperServicehanges (possibly) permanently

and therefore theRneedsto be validatedirst every time before theSubServicgets executed. After

which change a validation would actually be necessary is described in the folldwieg. different

kinds of changehave to be taken care of in order to maintain the étionality of the SubService

using a normal Inheritance Relationship (IR): changes of (a) the service model, (b) the groundings and
(c) the underlying executable program.

Changed service executables

In case the servicexecutablexhangez e.g. the prograntode was optimized and runs now faster
but the service groundings and model stay still the same irSilygerServiceno inheritance spcific
validation is necessary.

Verifying whether the underlying executable program corresponds to the specifiedS3aflvice
description is a general OWA topic and not in the scope of this thesis.

Changed service groundings
Whenthe service groundings change in tBeiperServicethe underlying executable programust
also havechanged such that it is in general not qoatible anymore with the old service description.
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In order toassure that theSubServicstill functions properlythe Inheritance Relationship (IR) has t
be validated.

Changed service model
In the case wherghe servicemodel of theSuperServicehanges no validation is required because
the service model does not directly influence the executable program.

Only if the changes of the service model also result in changes of the service groundings, a validation
is required. Otherwise, the copy of the old sgce model can still be used together with the
unchanged service groundings.

Solution if validation fails
If the validation fails, there are two possibilities for further proceedings:

G One could try to interpret the IR again and then try to validate théaied SubService.

5.6.2 SrictIR

In general, \men using strict Inheritance Relationships (IR), the IR applicatimmsot be used to
their fully extendin order to comply with the definition of strict IR. The different expressiversss

normal and strict lheritance Relationships (IRjre illustrated in €igure 5-C Applications of
Inheritance Relationships

In caseWeb Service Extensiam Web Service Manipulation: NORMi&Lused in a strict IR, the IR
validation fails.

Additionaly, in case the service model for the SubService gets adopted from its SuperService, the
adopted service model must be the service model of the SuperService (and cannot be another
process in the process trex the SuperServige

Strong dependency

Snce the SubServicef a strict Inheritance Relationship (IRpt only needs to comply with the
underlying executable program afie SuperServicdut also with the service model, the strict IR
dependency of &ubServicérom its SuperServices generally strongecompared tonormal IR.

The strict IR has the same rules when a validation is required as the normal IR; except for the case
when the service model changes in tBaperService

Changed service model

Unlike for normal IR, if the service model changes ieisessary to validate the IR since the service
model of theSubServicdas to stay in the specified strict relationship with the service model of its
SuperService

Solution if validation fails
If the validation fails, there are two possibilitits further proceedings:

One could try to convert the strict IR into a normal IR and try to validate again.

G
G One could also try to interpret the IR again and then try to validate the updabd®ervice
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5.7 Chapter summary

This chapter explainsow some applications ahheritance from objecbriented programming can

be transferred into the domain of OWW&. Thereby the applicatioMeb Service CustomizatioWeb
Service &ensionand Web Service Bhipulationare introduced.These applications can be used in
two ways: eiher for a normal Inheritance Relationship (IR) or for a strict IR while the latter one uses
the idea of refinement in order to provide benefits for web service discovery.

Additionally, this chapter provides a concrete syntax how each of these applicatinrise made use

of. Thereby, a first section illustrates how an IR can be modeled. For this reason, the Inheritance
Profile is introduced together wittwo syntaxes to describe the IR specification (OWL and SWSL)
Then, a second section illustrates undehigh conditions (i.e. contracts) and how the modeled IRs
can be interpretedgch that they concretely creat@jter or discovetan OWL-S service.

Finally, in order to ensure a conflict free interpretation of a modeled IR, a last section illustrates
when aspecific IR is valid.
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6 OWL-syntax

The complete vocabulary for the OWg{intax which can also be used to represent the Inheritance
Relationships (Rgecifications(as an alternative for the SWSyntax used before in order to
provide optimal readability)s provided within the ontology that describes the Inheritance Profile.
This ontology can be found in <Sectidh Attachments.

Example
In order to illustrate a concrete Inheritance Relationship inclgdis specificatiorusing the OWL
syntax a visual examplis providedof the CharlyAir usease from <SectioB.1.3 CreateCharhAir>.

This example illustratelsom which classes instances areedel in order to describe, i.e. specify, the
Inheritance Relationship (IR) between CharlyAir and Brawus#ig the OWisyntax In the example,
only the names of the classes are given, the names of the concrenaest are not, seeHgure
6-A: Themaininstances used to model the IR for the use case CharlyAir

Figure6-A: Themaininstances used to model the IR for the use case CharlyAir

Inheritance
Profile

adoptServiceModel

Specification
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containsAltering
Process
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/ Dismissed approaches

Maintai ning IR using OWL import
One idea was tonaintainthe IRusing the import function of OWL. At first sigtitis approach seems
reasonable since importing one or more service ont@egffersalready powerful capabilities

a) Reuseand extensiorof existing srvices in service creation.
b) Discovery of related services lgasoning abouthe import statementsmade in service
ontologies.

Takinga closer look at the approach, howevbrings upa major disadvantagdor point a):

U No altering possible of imported instance€Oncethe ontologes of a desired servichave
beenimported, the belongingOWL-Sinstances can indeed be reused by refereeing to them
they cannotbe altered,however.Therefore, one could reuse gjile processes of the service
model by referring to them while creating a new service model; aihd not able to alter
inherited instances prohibits one iaherit the service model as a whole and adjust it for the
new service by altering small detalfbwhich is a major disadvantage.

Modeling IR within a new host property
It would be possible to model the Inheritance Relationship (IR) within the default service profile as a
new host property, seeigure2-C>.

The following parameter parts for the host propedi of a service profile already exist in this
ontology:

G Service categories (using NAICS and UNSPSC)
G Service parameters (actual parameters: response time, duration and geographic radius)
G Quality rating (no further specification available at this time)

Howe\er, wsingthe OWLS service parameter to preserve the IR would hide this important part of
the structural service description behind a somehow technical service aspect.
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8 Design decisions

This section describes the design decisions taken for the formalgbatie solution. Any design
decision taken regarding the prototype is described in <Se&itirPrototype>.

Connecting OWL-S services

As described in the assignment in <Sectloh Assignmertt, the essence of this thesis is to create
connections, i.e. Inheritance Relationships, between €8MWVeb ServiceShe proposed solution
modelsthe direct connection of this relationshiwithin an additional OWI-S service profile; as
described in <Sectiob.4.1 ThelnheritanceProfile> ¢ using OWLOWL has been chosen because it
providesadditional, directly accessibleew information for the corresporidg ontology without the
need of a workaround using a different langudgethin anOWL-S Expressign

Language decision for IR specification

The Inheritance Relationship (IR) specification on the other hand provides no additional information
in the philo®phy of OWL because it does not describe a service in more detail, but describes the
changesmade on a service in order to obtain the result of Web Service Customization, Extension and
Manipulation. Therefore, the IR specification has not primahly chaacter of describing a stable
ontology but rather a temporary transformation.

Since there is no general benefit of OWL compared to SiMShroposed solutiotketsit yet open to
be free to choose between the two languages OWL and SWSL for describiRgsiheclfication, i.e.
both syntaxesre supportedn the proposedormal solution.

IR application bundles

The Inheritance Relationship (IR) applicati@me organizedn the three main bundle§Veb Service
CustomizationfWSC)Web Servic&ExtensiofWSExnd Web ServicéManipulation (WSM)because

they all have different properties. WSE can only be used for normal IRs, while WSC and WSM can be
used for both normal and strict IRs. WSMMows changes on an (atomic) process such that the
corresponding groundingsust be excluded, while WSC and WSE do not produce any incompatibility
between service model and service groundings

All operations offered by WSMroduce an incompatibility between the service model ahe

service groundings. Some of them, however, pegserve the process flow of the service while the
others cannot. This is the reason why W&Madditionally organizedh two different parts: STRICT

mode and NORMAL mode while the STRICT mode preserves the process flow and the NORMAL mode
does not necessiy.
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O Evaluation

This section evaluatdbhe proposed solution by illustrating how the motivating tasks in <Sedti@n
Motivation> can be accomplished usitige prototype.

For that purpose the protoye is introducedin the first part by presenting its architecture and its
release notesThesecond part discugsthe motivating tasks via the corresponding use cases in the
light of the prototypeand comparethese tasks with their current existing altextive.

9.1 Prototype

9.1.1 Architecture

The architecture ofhe prototype consists ofhree main componentsthe website, theweb server
and the application servesee €igure9-A: Prototype architecture.

The website consists of the gtaipal user interface and handles the huremmputer interaction.

The website is hosted by the web server. The hosting includes also the scripts which contain the
function library and themain part of thebusiness logicThe other part is located on the aligation

server as a Java application, together with the reasoner FaCT++ to perform the reasoning tasks.

Figure9-A: Prototype architecture

Wt
=7

Web server Application server
(JavaScript, DOM, XHTML, CSS, AJAX, PHP, OWL) (Java, FaCT++, Cronjob)
Library & Business Logic Reasoner

User Website

Metaphoricallyspeaking, the brairand body of the prototype is the web server, the face is the
website, and the application server is one supporting hand.

Design decisions
XHTML and C3fave been chosefor creating the graphical usénterface (GUI) because they are
aligned to build GUIs.

JavaScriphas been chosefor creating the business logic and the library because it fits very well
together with XHTML and CSBhe richest JavaScript functionality today is provided by the web
browser Firefox, thereforéhe prototype makesise of its M specificatioff in order to parse and
create OWL files

% Gecko DOM Referencettp:/developer.mozilla.org/en/docs/Gecko_DOM_ReferencéFriday, September 21, 2007)
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Since the prototype should be able not only to work with existing data, but also with cofditze
from arbitrary sourcespJAX together with PHRave been choseto provide simple file reading and
writing functionalityfor JavaScript

Javahas been choseto create the needed functions in order to perform the needed OWL reasoning
GFralta 0SOlIdzasS GKS Y2al S@2ft SR 'tLQa G2 F.0O0Saa |
For the performing reaming tool FaCT+was chosensince it seems to be best in performandée

reasoner can beeplaced a@any time with any other DIGTuri, 2004 ompatible reasonéf.

Since he current JavéProtégé APf® does not yet allow consticting a stable running reasoning
application, a UNIX cronjoB has been additionally chosewhich starts the Javdreasoning
application anew every timthe applicationis invokedand lets itterminate after having answered a
request

9.1.2 Release notes: versin 1.0

G OWL import: Since JavaScript does support XML, but not directly OWL, there is no OWL
import available for JavaScript. The solutions providedhi prototype to handle OWL
imports manually are the following:

A Passive import handlingOWL imports areonly considered, in case the current
ontology references somewhere to a specific resource from the corresponding
AYLR2NISR 2yiG2t23e 6Se3d gAGK GKS w5C LINEI
approach, however, statements about the current ontology Wwhi&ce made in an
imported ontology are not considered. In most cases, and also in the case of the used
example ontologies, this passive import handling is sufficient for the parsing tasks of
this prototype.

A Active import handling: The active import handlm on the other hand considers
OWL imports; whether there are somewhere referenced in the current ontology or
not. Since this approach turned out to be very slow, it is disabled in the current
release of the prototype.

Inheritance type support Single inhétance is fully supported by the prototyp&Aultiple-
inheritance is not implemented yet.

IR application supportWeb Service Customization and Web Service Manipulation: STRICT
are fully supported in the prototypaVeb Service Extension is not implemenied and Web
Service Manipulation: NORMAL is only available in case the adopted service model is an
atomic process. Otherwise it would be necessary to compute the new resulting inputs and
outputs for the belonging composite processes which is yet stilhac@mnplex task.

However, in order to illustrate the potential of Web Servi