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Executive Summary

The automated and dynamic discovery is a crucial building btk within the Semantic Web
Services Paradigm. Since the discovered web services have édflrther processed (i.e.,
automatically selected, composed and executed) by an autoredtagent, the realization
of automated discovery requires discovery techniques proind matches of a very high
quality. Especially, any ambiguities concerning ""what theliscovered service does™ must
be avoided. We realize discovery through matching of semantiescriptions that describe
functional properties of a web service. We show how matchmakins realised by use of
the reasoner delivered in WP1. In our formalization of servicdescriptions, we support
two variants of WSML language, namely WSML Flight and WSML-O.. We also discuss
the advantages and weaknesses of the introduced matchmakimpeoaches.

The semantic reasoning is very expensive in the sense of requirethputational re-
sources and cannot be performed in a distributed way. This mayagse serious perfor-
mance problems if large sets of web services have to be analysHuerefore, we introduce
a distributed semantic discovery framework.

To link our technology to DIP use cases, we apply our discovery stn to concrete
examples from the use case workpackages WP10 (e-banking) an&®8\B2B Telecom).

This deliverable may be of potential interest to the followig readers:

= WP1-requirements put on the reasoner technology in the disceny context

= WP2 - requirements for the repository interface for retrievig web service descrip-
tions and ontologies as input parameters for the discovery @cess

= WP4 - usage of our component within the QoS-based discovery andngposition
component

= WP5 - upcoming issues on incorporating mediation into discowgrto be addressed
in D5.7

= WP6 - integration of the discovery component into the WSMX arkitecture

= WP8, WP9, WP10 - usage of the discovery component in the contegf a concrete
use case scenario

= Other partners interested in semantic discovery

Disclaimer: The DIP Consortium is proprietary. There is no wamnanty for the accuracy or
completeness of the information, text, graphics, links or o#r items contained within this
material. This document represents the common view of the csortium and does not
necessarily re ect the view of the individual partners. The DIRConsortium is proprietary.
There is no warranty for the accuracy or completeness of thefarmation, text, graphics,
links or other items contained within this material. This dawument represents the common
view of the consortium and does not necessarily re ect the view the individual partners.
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1 Motivation

Semantic Web Services are envisioned as the enabling teclogyl for the next generation
of web applications. The objective of Semantic Web Services o enable distributed
computation over the Internet by automated and dynamic disogery, composition, and
execution of services.

The automated and dynamic discovery is a crucial building bk within the Semantic
Web Services Technology Stack. Since the discovered web smsihave to be further
processed (i.e., automatically selected, composed and exedyitey an automated agent,
the realisation of automated discovery requires discovery tatiques providing matches of
a very high quality. Especially, any ambiguities concerningwvhat the discovered service
does" must be avoided.

The only state-of-the-art discovery approaches promising threquired quality of match
rely on reasoning over semantic annotations of web services. &etic annotations of web
services are expressed in terms of an ontological vocabulany.the DIP project, the usage
of the ontological vocabulary is regulated by the WSMO ontolgy for modelling service
semantics and is expressed by the means of the WSML language.

The semantic reasoning is very expensive in the sense of requirethputational re-
sources and cannot be performed in a distributed way. This maggse serious performance
problems if large sets of web services have to be analysed. Thé& amy to increase per-
formance is to distribute the web service descriptions over seakdiscovery locations and
to perform the matchmaking of individual web services on di eent locations in parallel.
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2 Notion of Discovery

In the vision of the Semantic Web, human users are replaced bynsputational agents
that surf the web on their behalf, ful lling some mission. For ths purpose, the content
and functionality o ered in the web is being annotated by makine-interpretable semantic
meta data. While human users focus on sur ng through mostly statiweb content, agents
call interfaces of service endpoints to invoke and consume thieinctionality. The semantic
annotation of such endpoints tells the agent \what the servicdoes". A crucial step is for
an agent to decide which service endpoint o ers the relevanfictionality it needs to ful |
its current mission. This is denoted as the problem of servicesdiovery in the Semantic
Web, or SWS discovery for short. Within the DIP project, semanti annotation of Web
Services is formulated in terms of an ontological vocabulathat is aligned to the WSMO
ontology for modelling service semantics, and is expressed in &ML language as a
knowledge representation formalism.

2.1 Discovery Based on Semantic Annotation

We call the annotation that speci es the semantics of a service semantic service de-
scription, or service descriptionfor short. In general, such a semantic service description
covers many di erent aspects of the service, ranging from thecmal capabilities in some
domain of value to the ontological grounding of service parasters at the message ex-
change level. In any of the phases of discovery, execution, gmsition, etc., dierent
subsets of these aspects are taken into account. Since, in the pdace, the nding of
relevant service o ers should be based on \what the service does'hie details about
how to communicate with the service play a minor role, we base ionotion of discovery
on the speci cation of the capabilities a service provides irts domain of value. In the
context of discovery, we therefore understand a semantic semidescription also ase-
mantic capability description The domain of valueof a service, as de ned in [23], is the
application domain associated to the service's functionaliyas e.g. travelling, eBanking,
telecommunications, etc.

In the work that is carried out in the context of D4.17, the foas is set on discovering
services according to Quality of Service (QoS) informationThere, the authors have a
slightly di erent notion of a service description - for detailsabout the integration of QoS
information into semantic service descriptions, we refer to D#7.

Figure 2.1 depicts the role of semantic service descriptions & generic discovery
scenario. In this scenario, providers of services publish theservice o ers, whereas a
requestor party issues a service request. They both refer to seedcin some domain of
value. On the interface level, the providers implement Web e®vices that realise these
services as a technical means to access their functionalitydato make use of the value
they provide. According to the Semantic Web idea, there is ayar of semantic annotation
in between, on which a service description links a Web Service & service in a domain
of value: the service description annotates a Web Service irfiece and it describes the
service in the domain of value which this interface providescaess to.

The Web Services and semantic descriptions on the levels ofdrface and semantic
annotation are computational objects that reside within thescope of the machine's infor-
mation space. Contrarily, the entities in the domain of valuean not be directly processed
within this information space but have their representation hrough the ontological de-
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Figure 2.1: Discovery based on semantic service descriptions

scriptions involved. Ontologies play a major role in describg the meaning of content in
the Semantic Web. In our discovery scenario they have a twofoldgse: on the one hand
the WSMO conceptual model is used as an upper-level serviceangy to form the basis
for modelers to express service semantics in terms of generio/®errelated constructs;
on the other hand domain ontologies are plugged in to descrilservice capabilities in
terms of the domain of value of a service. By making use of knodige representation
techniques, semantic capability descriptions try to capturewhat a service does" in form
of ontological descriptions.

The semantic capability descriptions serve as input for the disgery process, which
compares the requestor's description with those of providers tgure out which service
o er is relevant for the request. This means that discovery opates on the ontological
descriptions of the capabilitie$ of a service rather than on speci cations of Web Service
interfaces. As a result, the discovery process returns referesde service descriptions
considered relevant, together with references to their assatd Web Service interfaces.
The requestor agent has then the possibility to further investigte the relevant service
0 ers by either looking at their semantic descriptions in moredetail or by directly calling
the Web Service interface.

2.2 Dierent Phases of Service Usage

To complement our notion of discovery, we characterise the dmery phase within the
lifecycle of service usage. According to [23], the relationshiggtween a requester and a
provider party goes through three di erent phases: a service stiovery phase, in which
potential providers are discovered; a service de nition phasa which the concrete service
to be carried out is de ned in all its details; and a service dalery phase, in which the
value of this concrete service is actually delivered to theagaester. Similarly, the lifecycle

!Again, for a description of how QoS information is taken into account, we reér to D4.17.
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presented in [17] consists of a goal discovery phase, taking intzaunt that it needs some
e ort to come to a \goal description" that properly expresses tle service request, a Web
Service discovery phase and a service discovery phase, which naphe discovery and
de nition phases in [23].

Based on these lifecycle models, we consider the following folmapes to position our
notion of discovery.

1. Goal De nition  concentrates on nding a prede ned semantically described WO
goal in a repository, which can be re ned by the service requestin order to be
used as a search criterion for service discovery. Goal de nitidras been introduced
because it is assumed that in general a user issuing a service requabltnet be
faced with the machine-interpretable representation of a WO goal in the WSML
language. Instead, such a user will probably be provided with agphical user in-
terface for browsing a repository of goals, or with some intuites input mask for
re ning goals. The techniques that are used to search for predeed goals and to
re ne them probably comprise keyword-based retrieval and nayation in ontologies.
The abstract goals from the repositories must be in general adagd to user needs,
e.g., specialisation of concepts, restriction of property vads etc. The result of this
phase is a formally speci ed goal that can be used as a search crda for service
discovery.

2. Service Discovery is based on comparing the semantic description of a requested
abstract service against those of provided abstract services inres of relevance.
According to [23], anabstract serviceis distinguished from aconcrete servicen that
the former abstracts from the concrete service parameters whidetermine the lat-
ter. Thus, an abstract service describes a class of service parasneton gurations.
In the WSMO conceptual model, the semantic service descriptidar the requested
abstract service coincides with a WSMQyoal element, whereas the semantic de-
scriptions of provided services coincide with WSM@veb serviceelements. Service
discovery is performed by matching the goal against availableeb services. No-
tice that input to the service discovery phase are the semantic sieriptions of goals
and web services only, which are contained in their associatedSMO capability
elements. This implies that the matching is solely based on infoation contained
in these descriptions of abstract services. A selection of a servihge to concrete
parameter information, which possibly requires invocationfdhe services interface,
is in the scope of the subsequent service de nition phase.

3. Service De nition/Selection starts from an already identi ed set of potential
WSMO web service candidates which have been identi ed as redat for a goal in
the service discovery phase. It possibly involves negotiation sérvice parameters,
and thus, invocation of the candidates Web Service interfacé& his might also involve
protocol mediation when the requested interface does not tie provided interface.
Figuring out which service to nally choose is beyond the infonation contained
in the semantic descriptions of goal and Web Service elements this phase, the
generalisation to abstract services is given up and a concreteviee with a concrete
parameter con guration has to be de ned, as it is later on déered. Successful
service discovery does not necessarily lead to successful delivdrg service, since
in the set of potential service candidates there might be no orkat is nally able
to de ne a concrete service on which both the requestor and prioler agree.

4. Service Delivery comprises any steps required for the actual invocation and con
sumption of the concrete service selected for execution. Thisolves the invocation

4
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of the Web Service interface according to its choreographg avell as di erent forms
of mediations concerning the protocol or the data to be transitted.

To complete our notion of discovery, we see the focus of gendnol support for dis-
covery to be set on the phase of service discovery. In this sense,THE discovery module
should support a Semantic Web agent in nding service providemsghich potentially meet
its requested service requirements, based on the semantic deswigs of service capabil-
ities.

The phase of goal de nition seems to be too speci c to the respeati application for
providing generic solutions to create or retrieve goals in astovery framework.

The phase of service de nition/selection would require a tightntegration with work
on choreography and invocation of Web Service interfacesdbreaks the scope of pro-
cessing semantic descriptions. Ideas that include negotiatioh marameters according to
preference information would require an extra encoding ofgferences which is currently
not present in the WSMO conceptual model or semantic service daptions in general.
Furthermore, such a negotiation is also very speci c for the doamn of value of the service,
such that generic tool support is di cult to achieve. We argue hat the main actor in
the service de nition/selection phase is the agent invoking th interfaces of potential Web
Service candidates that have been identi ed as such duringstiovery.
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3 Discovery framework

3.1 General Architecture

Search ‘ .@
Search i

S ! descriptions
Distribution p
Mechanism :

: 0

H [ I,

Discovery Locatiol

_ Search
Ontologies L. A

. Distribution
WS Descriptions]: Mechanism

Discovery Location

Ontologies
&
WS Descriptions

Figure 3.1: Architecture of the discovery component

A high level architecture of a service discovery component Kustrated in Figure 3.1.
A user sends a goal (initial goal de ned in the goal de nition plase) to the SWS discovery
service and expects as a result a set of Web Service descriptioregahing this goal. This
set of Web Services has to be further processed by the agent of seevice requester in the
service de nition phase An SWS discovery service may be distributeover several search
locations. In that case, the SWS discovery service has a search wlgttion mechanism
identifying external discovery locations and querying thenas well as the local search
location with the goal as a search parameter. The semantic matnaking takes place at
each queried location locally. The results are collected ardjgregated by the requesting
discovery locations and nally delivered to the initial requestor.

The architecture of the discovery component takes the discayedistribution into
account. However, the main focus will be on semantic discoveiye., in principle the
distribution framework can be re ned in order to support sophistated distribution con-
cepts. In DIP, however, we will work on a centralised repositorgr allow distribution for
simple load balancing only.

The framework for the search distribution mechanism, the semantdiscovery compo-
nent and the relationship to external components are describen more detail in the next
subchapters.
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3.2 Distribution Mechanism

The distribution of the semantic Web Service discovery process imotivated by the fact
that semantic matching of a goal and a Web Service capabilityedcription is expensive
in the sense of the required computational resources. The distuitton of Web Service
descriptions over several search locations allows to match aagjovith the set of Web
Service descriptions locally available at the respective sehrlocation independent of
other search locations. Therefore, the local sets of Web Sewrvidescriptions matching a
goal can be calculated in parallel at di erent search locatits reducing herewith the total
guery execution time.

The simplest form of distribution is the load balancing storing gually large sets of
Web Service descriptions at each search location. However, mgophisticated approaches
taking into account either some service classi cation taxonoras or analysing ontologies
and concepts used in the Web Service descriptions could prawidnore intelligent dis-
tribution strategies. Such distribution strategies could helmot only to parallelise the
processing of a goal query but also to reduce the total number ofély Service descrip-
tions to be matched with a goal, e.g., by disclosing search lo@ats extraneous to the goal
from search.

i Goal ™ Initial Send empty Send the set of
4‘\ (ext. loc.) set to the found WS to the
T requestor requestor
' (ext. loc) (ext.loc or initial)
‘l
\
‘I
Search
Break condition: No: Loop detection DlsmbUtl_On
(newGoal != inprocessingGoal) Mechanism
Yes: Proceed
Identification and querying
External [€---------mmmm--- r=1 of WS discovery locations
Discovery T
Location(s) |---=======mmmmm ek e > Collect search results
______ A J—

Figure 3.2: Search distribution mechanism

A generic framework for a search distribution mechanism is ikdrated in Figure 3.2.
This framework has to be further re ned in order to implementa concrete distribution
strategy. The following basic principles must be ful lled indpendent of the deployed
distribution strategy:

» The distribution mechanism must guarantee that all relevant dicovery locations

are queried during the global search (ldenti cation and Quefing of WS Discovery
Locations).
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= The distribution mechanism should avoid querying of not releva discovery loca-
tions in order to minimise the number of queried discovery lotians (Identi cation
and Querying of WS Discovery Locations).

» The distribution mechanism must be able to detect search loops @rterminate
search for duplicate requests coming from external discovechtions (Break Con-
dition).

= The distribution mechanism has to wait until search results fronall requested search
locations have arrived or a timeout occurs (Collect SearcheRults).

A high-level Abstract State Machines (ASM) speci cation formaiking the introduced
distributed discovery framework is provided in Appendix A.

Figure 3.3 illustrates the idea of the distribution of a goal gery in the proposed
architecture.

Figure 3.3: Query distribution

3.3 Discovery Component

The internal architecture of the local discovery componentidepicted in Figure 3.4. A
local discovery location performs two steps in order to matchheé goal with the locally
available Web Service descriptions. In the rst optional step aNon-)semantic pre- ltering
reduces the set of Web Services to be semantically matched ireteecond step Semantic
Matchmaking.

The lItering procedures applied in the rst step must guaranteethat no potentially
matching Web Services are Itered out. Possible techniques toe used in the rst step
are keyword-based matching and navigation in classi cation ararchies for services.
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Figure 3.4: Service Discovery Component

In the second step, the set of Web Services is matched against theagand the
resulting set of possibly ranked matching Web Services is deligd to the distribution
mechanism collecting the search results. Both steps may requira external ontology
mediation service for the reasons already described above.

Optionally, the set of services matching the goal can be furtheeduced by matching
non-functional QoS properties of the goal and (static) QoS pperties contained in the
Web service descriptions. A static QoS property is assigned by a seevprovider directly
to its Web Service description(s) and does not change until th&eb Service description is
updated through the service provider. Dynamic (taking into acount user feedback and/or
monitoring of the Web Service behaviour) QoS discovery willebsolved by an additional
solution provided by EPFL[15]. A module supporting evaluatio of static QoS properties
may make sense if the proposed discovery solution is deployed stahoine (without the
solution described in [15]). As for the semantic matchmaking, thexact method according
to which the semantic descriptions of goals and Web Service edgilities are compared
is described in Chapter 5. A set of concrete discovery examplasmprising Web Service
capabilities and goals modelled in WSML from the di erent cae studies can be found in
chapter 6.

3.4 External Components

As already illustrated in Figure 3.4 there is a relationship to taleast two external com-
ponents: Ontology Mediation Service and a registry or reposit storing ontologies and
Web Service descriptions. The relationship to the storage cormténg the ontologies and
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Web Service descriptions is obvious and will not be discussedther. The relationship
to a mediation service requires more attention.

One could assume that Web Service capabilities and goals aresci#bed using the
same terminology. Then the ontology mediation problem doesohexist during the dis-
covery process. However, it is unlikely that a potentially hugaumber of distributed and
autonomous parties will agree before-hand on a common temology.

Alternatively, one could assume that goals and Web Services atescribed in terms of
completely independent vocabularies. Although this case mighappen in a real setting,
discovery would be impossible to achieve. In consequence, ontyistermediate approach
can lead to a scenario where neither unrealistic assumptions raymplete failure of dis-
covery has to occur. Such a scenario relies on three main assuion:

» Goals and Web Services most likely use di erent vocabularies; im other words, we
do not restrict our approach to the case where both need to use tkame vocabulary.

= Goals and Web Services use controlled vocabularies or ontpls to describe re-
guested and provided services.

= There is some ontology mediation service in place. Given thegwious assumption,
we can optimistically assume that a mapping has already been ésliahed between
the used terminologies, not to facilitate our specic discoverproblem but rather
to support the general information exchange process betwedmese terminologies.
A mediator should provide an integrated view on such mediatedntnlogies, make
them appear as one global view.

Under these assumptions, we do not simply neglect the mapping prebi by assuming
that it does not exist and, at the same time, we do not simply decta discovery as a failure.
We rather look for the minimal assumed ontology mediation suppiothat is a prerequisite
for successful discovery. Therefore, with respect to mediatioservice discovery requires
only mediation on ontologies and their instances.

10
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4 API

The semantic discovery component does not live in an isolatedvamnment. It has,
therefore, to take into account compatibility requiremens of several external components
it interacts with. It must communicate with the outside world in terms of goals and service
capabilities as specied in WSMO. It must be compatible with te WSMX discovery
interface for compatibility reasons of the DIP architecture Sematic discovery and dynamic
QoS-based discovery (ref to EPFL solution) must o er at least the sae core discovery
interfaces allowing to use these components in the same fashiother as stand alone
solutions or within an integrated QoS-enabled semantic disceny framework. Therefore,
the API of the semantic discovery component has to comply with sexal requirements:

» Goals and Web Service descriptions exchanged over discovemeifaces have to
be compatible with the WSMO conceptual model and have to be pressed in the
WSML language.

= The discovery interface has to be compatible with the WSMX diswery interface.

= The core discovery interface has to correspond with the the ertface of the QoS-
based discovery component.

= The discovery interface has to be speci ed either in WSDL allawg remote access
to the discovery component over a Web Service interface or iavh in order to allow
direct local integration with WSMX environment.

Taking into account the above requirements the discovery iatface provides the fol-
lowing functionality:

Discover(In: Goal,
Out: List of WS-description);

This method speci es the core discovery interface for intering with the discovery com-
ponent. It takes as input a WSMO Goal and provides as output adt of WSMO WS-
descriptions matching the goal.

Discover(In: Goal,
[In: RankingOntology],
Out: List of WS-description);

This method is introduced for interoperability reasons witithe WSMX discovery interface.
It takes as input a WSMO Goal and a RankingOntology and provides as output an
ordered (ranked) list of WSMO WS-descriptions. WSMX does not spiéy what a ranking

ontology is or how to use it for ranking of results. Therefore, ik speci cation does not
elaborate further on this method and considers it as a placelder for potential future

work.

Discover(In: Goal,
[In: RankingOntology],
Out: List of {WS-description, InterfacelD});

This method is introduced for interoperability reasons withthe QoS-based discovery
interface. The semantic discovery component does not make amge of the RankingOntol-
ogy provided as input and behaves as if the Discover method dfet core interface has
been called. The functionality of this method is described ithe QoS-based discovery
speci cation.

1Square brackets in the method description indicate that the parameter RankingOntol@y is optional.

11
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5 Semantic Matchmaking

In Section 2 discovery is introduced as the process of identifg service providers whose
o ers are relevant for a service request, based on semantic seevidescriptions. The

techniqgue we employ for comparing semantic descriptions ofguiders and requesters in
terms of relevance isemantic matchmaking The overall discovery process has to take into
account all the available service o ers, whereas in the conterf semantic matchmaking

we only consider a single o er together with the request. The mahmaking process has to
decide whether this o er is relevant for the request by lookig at the semantic descriptions
of both. Since such descriptions are expressed in terms of the WSMntological model

using the WSML knowledge representation language, semantic tdamaking is based on

the application of logical inferencing as an automated reasing technique.

5.1 Characteristics of Semantic Service Descriptions

A discovery framework that employs semantic matchmaking basilly needs to specify the
following two essential things:

= how semantic descriptions of services are modelled, and
= how semantic descriptions are compared in terms of relevance.

These two aspects are intertwined with each other and for bothf dhem a discovery
framework must de ne precise methods and the components to sump these methods.
De ning the relevance comparison mechanism alone is not su o, since it is then not
clear what kind of descriptions serve as input. Instead, the cqrarison method must take
into account the speci cs of the chosen way of modelling and thmodelling method must
be suitable for the chosen way of how comparison is performed.

5.1.1 Design Decisions within the WSMO framework

The WSMO framework gives some indication of how the functioility of a service is en-
coded inWSMO-capability elements. In [17], however, it also leaves some nal decisions
of what exactly is expressed through such WSMO-capabilities ep, supporting di er-
ent alternatives for discovery approaches. One of the altertiges is to model service
capabilities as transitions of states describing the service foee and after its execution,
respectively. Another alternative is to characterise capaliies by means of the \objects"
a service delivers in its domain of value [17].

Starting from [17], we aim towards an object-based approachrfdescribing service
semantics instead of one based on descriptions of state-trangiiso since this seems to
better t the abstract services in the discovery phase as de nedciSection 2. We argue
that this way of modelling service semantics is closer to the u&mtuition in the light of
the DIP use case scenarios. In such an object-based description ageh the functionality
of a service is expressed in terms of the \objects it is able to dedr”", modelled through
concepts and relations in an ontology language. Contrarjlyn a state-based description
approach both the pre-state and the post-state with respect to séce execution would
be modelled explicitly.

This notion of an \object delivered by the service" is somewhagbstract and its
description depends on the way in which the domain of value ofi¢ service is modelled.
Table 5.1.1 shows some examples of what such \objects" could bednerent domains

12
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of value. In the eBanking use case from WP10, for example, therdain is described

domain of value| \ object to be delivered

eBanking WP10 mortgage loan
Travelling ticket
Logistics shipping contract

Table 5.1: Example \objects to be delivered by services" in derent domains of value.

by nancial ontologies, hence a modelling decision was to dei the functionality of a
mortgage service (see WP10 documentation and Section 6.2) grms of the \mortgage
loan object" it delivers. In the travelling domain the decisio could be to describe the
ticket that speci es the details of a journey o ered by a travé agency, whereas in the
logistics domain the shipping contract could serve speci catioof capabilities.

A similar description approach was also followed in the formerrpject SWWS (IST-
2001-37134). We could reuse some of the ideas introduced thanel adapt them to t
into the DIP setting.

In the light of the notion of an abstract service, the \object tobe delivered by a service"
is described by an ontological vocabulary consisting of con¢end relations from the
domain of value of the service. Describing these \objects" by mesof ontological concepts
allows modelers to express variability in their descriptionsnstead of exactly specifying all
the parameters and property values of a concrete such objetite description of an object
class comprises a multitude of concrete instantiations. In the sge of this variability, a
semantic description of an abstract service is associated with a seimprising all accepted
parameter con gurations of what the service is able to delive (We refer to [14] for details
on this variability.)

Figure 5.1 depicts the decisions taken for the chosen approashmodelling service
semantics with respect to semantic matchmaking.

Figure 5.1: Decisions for a modelling approach. Highlightedraws indicate taken deci-
sions, whereas dashed arrows indicate alternatives.

13
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Motivated by the Semantic Web idea of providing machine-irpretable annotation
for services mentioned in Section 2, we rst restrict the scope t@presenting \what the
service does" in an abstract way. Within this scope, we opt for thabove mentioned
object-based approach when describing service functionalitfrurther, we represent the
\object to be delivered" by means of a class of objects ratheh&n by direct instances. In
the WSML language such a class corresponds to a concept. On thesint levels, the
elements used to describe service semantics are referring torglets used to describe the
domain of value of the service, captured in domain ontologies.

5.1.2 Relation to Parameter-Based Approaches

To further characterise our chosen object-based description@pach, we relate it to other
approaches outside the WSMO framework that focus on the semantagging of input
and output parameters of a service. These notions can, for exal®, be found in WSDL-S
[2] descriptions but also in the OWL-S [1] service prole. We skeh the di erence to
these approaches in Figure 5.2.

Semantic Annotation
Ontologies

WSs / Services |

Interface
WS esendCClInfo(number,holder
selectDestination(city)

I

input / output

parameters |
I

)
Service delivers
\
realises

|
_ abstract service / object |
|
1

Figure 5.2: Di erent approaches of describing service semari

Both types of approaches to capture the semantics of a serviceleb Service aim
to use domain ontologies that are modelled independently frotheir usage in discovery
or even service description. The ontology fragment in Figure covers terms around a
travelling service scenario, such as \Ticket", \Airplane", \City", \source" and credit card
information.

In approaches based on the semantic tagging of Web Service ifdees, shown in a),
the annotation of a Web Service directly refers to the elementhat occur in this interface,
l.e. input and output parameters. Each parameter is lifted tahe ontological level and
mapped to some element in the ontology, e.g. to a concept. Inishway, the machine
\sees" a credit card number no longer as a mere integer but as ancept for which some
ontology assigns meaning by a proper axiomatisation and relati to other concepts. For
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discovery and matchmaking, two such semantically lifted intéace descriptions match
when their input and output parameters are compatible.

In approaches based on an upper-level service ontology like WS, shown in b),
the semantic annotation of a Web Service refers to some servietated entities, such as
a WSMO capability, that abstract from the level of input and ouput parameters. As
introduced in Section 2, the Web Service is just the technicaheans to \realise” some
service in a domain of value. In our approach, semantic annotaih describes this service or
the \object it delivers”, respectively. Hence, as shown in Fige 5.2 b), the service/object
Is semantically mapped to some concept in the domain ontologg a whole. This allows
for making statements about the service/object as a whole on ¢hontological level.

In comparison to the parameter-based approaches in a), we calesi the approaches
in b) as more powerful in terms of expressiveness in semantic atatmn. Mirroring the
notion of a service itself on the ontological level allows to ber capture the service's
functionality and to better express what this service actuayl does. Contrarily, by just
referring to input and output parameters it is sometimes di cult to capture the service
functionality. Consider, for example, one service for checlg whether a credit card is
still valid and one for cancelling a credit card to avoid abuseBoth have the same input
parameter, say, the credit card number. By just lifting this number to the ontological
level the distinction between the two services is not captureth terms of functionality.
Their interfaces would be deemed compatible while their semtzs is not.

5.2 Matchmaking Based on Abstract Service Descriptions

As mentioned above, semantic matchmaking involves two servidescriptions: one ad-
vertised by a service provider and one issued by a requester. Botetrequester's and
the provider's description describes the \object to be delived by the service", but from
di erent points of view. While the requester describes the kith of \object" he would
like to consume, the provider describes the \object" which hiservice is actually able
to deliver. On the other hand, by using object classes both paes employ variability
in their descriptions, allowing for a multitude of concrete setice objects requested or
provided, respectively. Hence, the intention behind semantiservice descriptions is to
express alternatives of accepted concrete services.

5.2.1 Interpretation of Service Descriptions

An example from the travelling domain is depicted in Figure 3. Suppose a travel agency
o ers tickets for travelling within Europe by airplane, train or bus. As indicated in Table
5.1.1, a modelling decision taken here is to express the capdpiof an online ticket
booking service through the \ticket object" such a service delers.

For the moment, we abstract from WSMO descriptions speci ed infte WSML lan-
guage, and so the semantic description sketched in Figure 5.3 exgses the capability of
the ticket booking service intuitively. In a non-formal way t says that the object deliv-
ered by the service is a ticket whose source and destination loicats are in Europe and
which can be issued for either airplane or ground vehicles. Thesenstraints can be met
by a variety of di erent tickets, and whenever a customer requsts a ticket within these
constraints the travel agency will agree on selling it to the atomer. It will not agree if
the requested ticket lies outside these bounds, say when askingddrip to USA or for an
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object Ticket t

t: from ® Europe
t:to® Europe

t : vehicle ® Air,Ground

frf}/ N‘ type | ffV type 1
| Hamburg | | Galway | @ | Berlin | Hamburg |.

Figure 5.3: An abstract travelling service o ering a multitudeof tickets.

/

ocean cruise. Hence, the service description represents the setliofoncrete objects (here
they are tickets) which the provider of the service would agreen delivering. Further, all
these di erent concrete objects are interpreted as alternates of service delivery { in any
alternative all the details of an object's parameters are speed.

Symmetrically to the service o er description in Figure 5.3, alescription issued by a
service requester represents the set of concrete objects whible tequester is willing to
agree on being delivered.

We highlight again that our service capability descriptions sgcify abstract services,
meaning that the modeller of such a description abstracts fromhat a service can actually
deliver in reality. In general, they describe an approximatin of the service's behaviour
to avoid overloading the semantic speci cation. This implieghat for some cases they
give wrong information about what the service is able to deler. In the sense of [23], our
service descriptions are thereforeompletebut not correct, meaning that they capture all
the concrete services that can be delivered but also some whidnmot. Some of the
information needed to determine whether a particular conete service can be delivered is
dynamic and cannot be included in static semantic annotationAs an example, consider
a travelling service that o ers train tickets but, at a certain point in time, a particular
train might be booked out and further requests are refused { teicannot be captured by
the semantic description and is subject to the service selectiohgse (see Section 2).

5.2.2 Notion of Matchmaking

Having de ned how semantic descriptions of abstract services h@vo be interpreted,

we can now describe how semantic matchmaking operates on suclsadgtions. Since

the service descriptions of the requester and provider represéime concrete objects they
agree on being delivered, the basic idea behind our notion ofatthmaking is to check
whether they have objects in common. As alternatives of sereidelivery the concrete
objects can be seen as service parameter con gurations. An o errielevant for a request
if the service can be con gured such that both the provider andhte requester agree on
this con guration, which is represented by some concrete olgeto be delivered. In this

case at least one of the concrete objects o ered by the provider in the scope of the
request, which is su cient to establish a positive match. This noion of matchmaking is

illustrated in Figure 5.4.
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w3

Provider

ervice I
Requester

vehlcle :

tlcket Airplaney

fom” NQ_ ype |
| Hamburg | | Galway | @

Figure 5.4. Semantic Matchmaking based on the intersection séts of concrete objects.

Semantic Matchmaking checks for an intersection of the sets adncrete objects asso-
ciated with the semantic descriptions of the requester and pramler of the service. If there
Is an overlap between the two sets then the o er is relevant fahe request. If the two
sets are disjoint then the o er is not relevant, meaning that nthing of what the service
is able to deliver is actually requested. Consider again theavel agency from the former
example together with a request asking for a ight from Hamburgda Galway. As depicted
in Figure 5.4, among all the tickets which the provider's serge can deliver there is one
meeting these requirements, carried out on a boeing 747 macahinSince the requester
did not constrain on the type of machine that is used for the igh there is another one
intersecting, say, using a di erent machine. Other tickets, sayof ship journeys, are not
supported by the provider, whereas others, covering di erertities, are not in the scope
of the request.

5.2.3 Object-Based Descriptions in the WSMO Conceptual Model

One of the insights gained in the work on discovery in WP4 is thathe object-based
description approach, as an alternative specied in [17], deenot entirely t with the
WSMO conceptual model. The WSMO-capability elements, desigd to semantically
express the functionality of a service, are more tailored to aedcription approach based
on state transitions, for which they provideprecondition, postcondition assumptionand
e ect elements. The kind of information we specify in our service calpifity descriptions,
namely \what a service as a whole does or delivers”, does not seént in any of
these notions provided by a WSMO-capability, at rst. Instead,it abstracts from state
transitions and describes the service in a more holistic way, tar than describing the
single pre- and post-states.

Hence, one of our design decisions is to see the di erent elds oM&SMO-capability
expressing the semantics of a service conjunctively. All of thenart be used to capture
parts of our semantic service descriptions, however, the discovg@rocess described here
does not take into account their role of describing pre- and gbstates. Although, the
modeller might distinguish between things that hold before ahthings that hold after
service execution, respectively, for other purposes.

The di erentiation between conditions and assumptions/e ecs is meant to distinguish
between an information space, which is a model of what is contptionally processed
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within the machine, and the real world, in which the service tkes e ect. This explicit
distinction allows for making statements about the service asomputational entity, as
well as about the real world service counterpart, separatelydm each other in ontological
descriptions. Since, for our discovery process, we propose to déscservice semantics in
the (rather abstract) model of the domain of value of the serve; we interpret ontological
service descriptions in terms of statements about the real wdrl Therefore, our discovery
process does not take into account an explicit distinction beten pre- and postcondition
on the one hand and assumption and e ects on the other hand.

Finally, this means that the information in a semantic servicalescription, as de ned
here, is directly mapped onto a WSMO-capability, possibly spael over the di erent elds
it provides (in the sense of taking the union of all logical exgssions in the di erent slots.)

Alternatively, one could think of a proposal for extending theWSMO conceptual
model to better capture the object-based capability descrimins of the before mentioned
kind.

Other approaches to modelling service semantics base the senm@auescription of a
service's capabilities on the notion of aervice task Such a notion describes a service
as some kind of activity and can be found e.g. in [12], work thdtas been carried out
in the scope of the WonderWeb project (IST-2001-33052), andksa in [23]. In alignment
with the distinction between information space and real worldlescriptions, the notion of
a service task semantically captures some action that is perfoech when a Web Service
is invoked or when a service is being delivered, respectively.

The properties of a capability, namely preconditions, postealitions, assumptions and
e ects, could equally well be seen as properties of such an aatior task associated to the
service. Furthermore, the conceptual model could facilitatthe instantiation (or subclass-
ing) of such a service task itself, inheriting the conditions andssumptions/e ects, but
also allowing for custom properties. Contrarily, the way a WSM&apability is currently
used is to instantiate its properties by logical expressions { #y are lled with semantic
descriptions that make statements about the pre- and post-statétended to express the
service's capability, but no statements about the capabilitas an ontological element can
be made.

When adopting this notion of a service task, the \classes of objscdelivered” that
we describe in our approach could probably be aligned with theervice task more easily
than they can with notions of state transitions. Moreover, in tems of methodological
guidelines of how to formulate service descriptions, our apgch would also bene t from
the richer axiomatisation proposed in the work around [12], wbh clari es the relation
between the elements in a top-level service ontology.

In the context of QoS-enabled discovery and trust there are o#i suggestions to extend
the WSMO conceptual model, documented in D4.17 and D3.6.

5.3 Realising Matchmaking through Reasoning

In this section we show how the process of matchmaking between semic service de-
scriptions is realised by making use of reasoning techniques. hisway, we link the work
on discovery in WP4 to reasoning in WP1.

We rst introduce a formalisation of service descriptions and teir matchmaking in
terms of ontology languages in general. In this way we absttadtom concrete knowledge
representation formalisms like the WSML language. In the subseent sections, we then
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map this formalisation to two variants of this language, namg WSML-Flight and WSML-
DL.

5.3.1 Matching Service Descriptions in Ontology Languages

Ontology languages in general provide constructs for desdrily concepts, their instances
and relations between them - these are the basic elements oogiks usually are built of.
In languages inspired by rst-order logic formalisms, instancesme often seen as individuals
(objects) of some universe of discourse and instance-relationshipds between concepts
and individuals. A concept groups together a set of individua) its instances, that share
common characteristics.

Relations are often restricted to binary relations, represeatl as sets of pairs of individ-
uals, and are also referred to as properties. The properties otancept are the relations
that hold between the instances of this concept and other ilndduals. (In WSML prop-
erties are also called attributes.)

Additionally, most ontology languages also support the handlop of datatypes, such
asinteger or string, and their values. The properties of a concept can range ovether
concepts or over some datatype.

Moreover, many languages allow to describe concepts in termos restrictions that
constrain their sets of instances. This is done by either restriog their scope to other
concepts, e.g. by subsumption, or restricting their properties.

Formalisation of Service Descriptions

Recall from section 5.2, that, in our service descriptions, we wato express abstract
services and the \classes of objects they deliver". We map such lass of objects to a
concept, which potentially allows for several instances. In thsense, the concept expresses
information about the abstract service, whereas its instancesxpress information about
all the intended concrete services captured.

We denote by S the concept that represents the class of objects delivered biet
service. A service capability description describes this comteS by means of statements
in some ontology language, referring to domain ontologiesatprovide a vocabulary of
the domain of value of the service. We also cdll the service conceptsince it is associated
with the service to be described. Similar to the approach preded in [13], we describe
the conceptS in terms of restrictions that constrain the intended concreteservices.

Semi-formally, a description of the concep®, as motivated by example in Section 5.2,
aggregates a set of restrictions as follows:

S ' GGy Cy S ' Ticket
P R; , from Europe
, P2 R> | o _ Europe
! vehicle Airplane;
| Pn Rn
R ' Cgr;1;Crj2;::1;Crim Airplane; ' Airplane
| Pr;1 RR,1 I seats 50
| pRJZ RR,-Z
| Pr;n RRJn
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The description restrictsS by conceptsC; and by propertiesp; for which it speci es
rangesR;. Depending on whether a property ranges over a datatype or @vindividu-
als, the rangesR; are datatype intervals or concepts, respectively. In the exgste (on
the right-hand side), S is restricted to ticket objects within Europe issued for ights
(airplanes).

If the ranges R; are concepts, they can further be restricted themselves as pant
the description. In the example the (newly introduced) conge Airplane; is restricted to
airplanes having more than 50 seats.

To capture this formalisation of a description forS, we de ne two di erent types of
restrictions
(Ca; Cb) ;

restricting a conceptC, to the scope of a concepC,, and
(C:pR)

restricting a property p of a conceptC to a rangeR. Building on the description given
above, we recursively de ne a set of restrictions for a concefit as
Rc =1 (C;Cy)iii; (CiCrm)s (CipisRa);iit; (CrpnsRa)gI | Rgr,
1jn
such that it contains restrictions for all involved concepts Wich the modeller intends to
put constraints on.

A description of a service concepf in an ontology language is then just the set of
restrictions Rs. Within the restrictions in Rs a modeller refers to concepts, properties
and individuals de ned in domain ontologies. In the exampleproperties likefrom or seats
and concepts likeTicket or Airplane most likely stem from some ontology about travelling,
whereas the concepAirplane; has been introduced within the service description.

Formalisation of Matchmaking

In the process of semantic matchmaking three di erent source$ knowledge are involved:
the service description of a requester, the service descriptioh sbme provider and the
domain knowledge the two are referring to. Both of the servicgescriptions specify con-
cepts, S for the requester andS, for the provider respectively, and are represented by
sets of restrictionsRs, and Rs,. Since the above introduced restrictions are expressed
in form of statements in an ontology language, the seRs and Rs, can be interpreted
as sets of facts in some knowledge representation formalism onickhwe can perform
reasoning.

The domain knowledge comes in form of domain ontologies thptovide vocabularies
relevant for the domain of value of the services described, amdhich requesters and
providers refer to in their descriptions. We denote by the set of such relevant ontologies.

For reasoning, we need to include all these pieces of knowledige a knowledge base
KB, de ned as follows: [
KB := Rs [ Rg, [ O

0;20

20



FP6 { 507483
Deliverable 4.8

The knowledge bas&B is build temporarily for the reasoning process and is dismissed
afterwards. In this sense, it is dynamic knowledge, put togethdor each matchmaking
step.

The descriptions of the service related concepis, and R, are designed by modelers
on the side of the requester and provider parties, respectivebnd make up the semantic
service descriptions. They are particularly build for speci c asks around Semantic Web
Services, like discovery, and are not used out side the scope ofsthéasks. In this sense,
they are static within the use in tasks like discovery, in which tay are repeatedly used.
However, they are \less static" than the sources of domain knovdge which they refer to.

The domain ontologies in the setO are shared vocabularies in the context of the
domain of value of the service { in our travelling example thexover e.g. geographic
or transportation related knowledge. From the discovery potnof view, they are static
sources of knowledge which are consulted during the matchmadi process, but which
are also used outside the scope of discovery. They have been budltrausable domain
vocabularies and do, in general, not contain any discovery spe modelling.

For realising the matchmaking process by means of reasoning seeg, we de ne a
matching condition (C,;Cy) on concepts, which is true i the two conceptsC, and
C, have a \su cient degree" of overlap. According to the notion ofintersection used
in Section 5.2, this degree of overlap would be such that it is sient when the two
concepts can potentially have some individual as a common iasice, i.e. that they are
not disjoint. To realise intersection, we will focus on this parcular matching condition
and denote it by (Cy;Cyp). In [22] there have been proposed other forms of matching
conditions requiring stronger degrees of overlap, that haveeen subsequently used in
[20, 21, 17, 16] for establishing di erent degrees of matchirgetween service descriptions.
We also take into account these other conditions in our formalation and list all the
matching conditions in the following Table. In terms of setsfantended concrete services,

denotation | intuition order
u(Ca; Cp) | concept intersection 1
v (Ca; Cp) | concept subsumption (specialisation) 2
w(Ca; Cp) | concept subsumption (generalisation) 2
(C4; Cp) | concept equivalence 3

Table 5.2: Matching conditions with di erent degree of ovdap.

v and , check if one of the sets is fully contained in the other, wherea checks
whether the two sets coincide. The order number indicates hostrict a condition is: if
a condition with a higher number holds between two concepthién any condition with
lower number also holds.

Another approach that addresses ranking based on structural dirence operations for
concepts is described in [9].

The reasoning process that realises matchmaking involves thedwledge baséB and
the two conceptsS and S,. We de ne it by the following consequence operation on a
knowledge base and a matching condition

(5.1) KB ($:%)

which evaluates whether the matching condition follows fra the knowledge included
in KB. It can be seen as form of \intuitive entailment”. If this entalment holds then
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there is a positive match between the requester's and the pror's service descriptions,
according to the matching condition (S:;S;,) { otherwise there is a negative match. In the
realisation of matchmaking with concrete WSML language vaants we consider di erent
formalisms de ning di erent reasoning services, and thereforg does not necessarily
coincide with entailment = in the underlying formalism. Later, we map the \abstract"
reasoning step in (5.1) to concrete reasoning services in WSMligfit and WSML-DL.

5.3.2 Matching Service Descriptions in WSML-Flight

In this section we map the general formalisation of service degitions to the WSML-
Flight ontology language and show how matchmaking can be résdd by applying the
WSML-Flight reasoner delivered with D1.9.

The Flight variant of the WSML language, see D1.7 and [19] foredails, is an ontology
language that builds on a rule-based knowledge representatiparadigm and is very
similar to F-Logic [18]. Its semantics [D1.7] is de ned such thany fragment of conceptual
syntax, involving concepts, their instances and attributes (pperties), is transformed into
logic programming rules and interpreted under a minimal maoal semantics [10] in logic
programming style. Hence, WSML-Flight formulas are interpried under closed-world
assumption.

The elements of WSML-Flight ontologies coincide with logiprogramming rules and
sets of such rules coincide with logic programs. In this sense, thetsRs and Rs, and
the ontologiesO, in the WSML-Flight case, are seen as logic programs.

We de ne the mapping , for transforming concept and property restrictions, respec-
tively, into WSML-Flight logical expressions in the form of Igic programming rules in
the following table.

Restriction | WSML-Flight formula (rule syntax) conceptual syntax
P ( (Ca; Cb)) X memberOf Cb . X memberOf Ca Ca subConceptOf Cb
P ( (C, P; R)) Yy memberof R : X memberof C and X[p hasValue y] C p impliesType R
X[p hasValue p] © X memberof C

Table 5.3: Transformation of restrictions to WSML-Flight fomulas.

Here, and in the following, x is a universally quanti ed variable and , is a new
individual, not previously known to the knowledge base. In theéable we also give the
WSML conceptual syntax for the restrictions. Notice, that a progrty restriction maps
to two rules, the second of which cannot be expressed in conceptagntax { it serves
the instantiation of \dummy facts" for the reasoning process, wlth is needed due to the
closed-world semantics. (Notice also, that the second rule is ptetnatic for being applied
to datatype ranges because it is not clear which data value td@ose for instantiation,
which is discussed in Section 5.3.4.)

The transformed sets , (Rs ) and  (Rs,), i.e. application of , to all restrictions
in the sets, are WSML-Flight ontologies (or logic programs) antuild up the knowledge
basekB , together with WSML-Flight domain ontologiesO as follows

KBLP = LP(RSr)[ Lp(RSp)[ [ Oi

0;20
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We extend the mapping ., to also capture the abstract entailmenkB, | (C,; Cp) of
matching conditions, transforming it into WSML-Flight reasoring steps, in the following
table.

Matching Condition | WSML-Flight reasoning

P (KB j u (Ca; Cb)) KBLP [ memberof Cg and  memberof Cy, sat.

P (KB j v (Ca; Cy)) KBLP [ memberof C4 F  memberof Cy

P (KB j w(Ca; Cp)) KBLP [ memberof Cp F  memberof Cy

e (KB ] (Ca;Cp) | p (KB ]  v(CasCp))+ (KB  w(Ca;Ch))

Table 5.4: Transformation of matching conditions to WSML-Hight formulas.

We explain the realisation of the entailmentB | (S ;S;) in the WSML-Flight case
exemplarily for the intersection matching condition. Here, @ add to the knowledge base
KB , the fact that some new individual is a member of bothS and S, and check
the resulting knowledge for consistency (satis ability) using te WSML-Flight Reasoner
from D1.9. If this check is positive then the matching result beveen the requester and
the provider is positive { otherwise negative. Intuitively, we add, to all the knowledge
in the service descriptions and domain ontologies, the fact théhere is some individual
which conforms to both descriptionsRs, and Rs,. This is not a problem if these two
descriptions are compatible. However, if they are incompalti then this will result in a
contradiction in the knowledge base, determined by the reasen

Example of Matchmaking in WSML-Flight

Here, we give an example of matchmaking applied to a scenariotire travelling domain.
In the scenario, consider a service requester who wants to traf®m Germany to the UK.
We consider two service providers: provider A o ers tickets forights or within Europe;
provider B o ers o ers train tickets in USA. The semantic servicedescriptions of all the
parties are described as follows:

S Ticket
, from GermanCity
1o UKCity
! vehicle Vehicle
Soa Ticket Sos Ticket
, from EUCity , from USCity
) 0 EUCity | 0 USCity
| vehicle Airplane | vehicle Train

We list the mappings of these descriptions to WSML-Flight in fan of conceptual
syntax expressions. (Notice, however, that the instantiation rels cannot be expressed in
conceptual syntax.)

p(Rs) = f  concept S subConceptof Ticket

from impliesType  EUCity

1O impliesType

vehicle impliesType

X[from hasvalue

EUCity
Airplane

1,10 hasvalue ;vehicle hasvalue

3]

X memberOf

S: 9
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s (R SPA) = f  concept Sp, subConceptof FlightTicket
from impliesType ~ GermanCity
to impliesType  UKCity
vehicleimpliesType  Vehicle
X[from hasvalue  1;tO hasvalue p;Vvehiclehasvalue 3] : X memberof Sp,: @

LP(RSpB) = f  concept Sy, subConceptof — Ticket
from impliesType  USCity
to impliesType  USCity
vehicle impliesType ~ Train
X[from hasvalue 1;tO hasvalue 2;Vvehiclehasvalue 3]: X memberof Sy;: @

Otravel = f  concept Ticket
from impliesType (1 1) City
to impliesType (1 1) City
vehicleimpliesType (1 1) Vehicle
concept FlightTicket subconceptof  Ticket
concept EUCIty subConceptof  City
concept USCity subconceptof ~ City
axiom disj_EU_US de nedBy
' X memberof EUCIty and X memberof USCity:
concept GermanCity subConceptof EUCIty
concept UKCity subConceptof EUCIity
concept Airplane subConceptof  Vehicle
concept Train subConceptof Vehicle
axiom disj_Airplane _Train de nedBy
{ X memberof Airplane and X memberof Train: (¢

If we evaluate the matching conditions (S;S,,) and (S; Sy, ) according to the
translation de ned by _, we get that

s (Rs)[ 5 (RSPA)[ Otravel [ memberof S and  memberof Sp, sat.

is true, but

P (RSr)[ P (RSPB)[ Otravel [ memberOf S and  memberOf SpB sat.

is false. This re ects that provider A matches the request whal provider B does not,
which is exactly what we would intuitively expect. The requster asks for a ticket from
Germany to the UK, which both lie in Europe, and does not constia on the vehicle,
such that Airplane is compatible. Contrarily, the requested ties are not compatible with
the US location o ered by provider B.

5.3.3 Matching Service Descriptions in WSML-DL

In this section we map the general formalisation of service degations to the WSML-DL
ontology language and show how matchmaking can be realised Ipplying a DL reasoner,
such as the one that will be delivered with D1.10.

The syntax and semantics of WSML-DL is, at this point, not comple de ned, how-
ever, it will most likely coincide with the descriptions logicSHIQ [6]. We will use a
description logic formal notation in this section as a syntax foWSML-DL expressions.
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Description Logics (DL) [6] are fragments of rst-order prediate logic and inherit
their model-theoretic semantics. Hence, DL formulas are intgreted under open-world
assumption. The formulas that make up a DL ontology (or knowlegk base) are assertion
or inclusion axioms { see [6] for details.

We de ne the mapping , for transforming concept and property restrictions, respec-
tively, into WSML-DL formulas in the form of DL axioms in the following table.

Restriction WSML-DL formula
o ( (C4iGy) [Cav Gy
o ( (C;p;R)) | Cv8 piR

Table 5.5: Transformation of restrictions to WSML-DL formulas.

The transformed sets , (Rs,) and , (Rs,), i.e. application of , to all restrictions in
the sets, are WSML-DL ontologies and build up the knowledge ba&B , together with
WSML-DL domain ontologiesO as follows

[
KBDL = DL(RSr)[ LP(RSp)[ Oi

0;20

We extend the mapping , to also capture the abstract entailmenkB, | (C,; Cp) of
matching conditions, transforming it into an application of WSML-DL reasoning services,
in the following table.

Matching Condition | WSML-DL formula
DL (KB I u(Ca; Cb)) Ca u Cb sat. w.r.t. KBDL
DL (KB I v (Ca;cb)) KBDL F Ca \' Cb)

DL (KB I W(Ca; Cb)) KBDL F Ca w Cb
(KB (CyiCh)) KB, FCa Gy

Table 5.6: Transformation of matching conditions to WSML-DLformulas.

Similar to the realisation of intersection matching with WSML:Flight, here, in the
WSML-DL case, satis ability of the conjunction of the conceptsS, and S, ensure that
they have a common instance in some modellB , . Therefore, the positive evaluation of
the intersection matching condition also here re ects that tlke requester and the provider
issued compatible service descriptions.

Example of Matchmaking in WSML-DL

As before, we also give an example of matchmaking in a travetjiscenario for WSML-DL.
In the scenario, consider a service requester who wants to trafedbm Germany to the
UK preferably in a su ciently large and convenient Airplane. We consider three service
providers: provider A o ers tickets for journeys of all kindswithin Europe; provider B
o ers train tickets in USA, provider C has specialised to cheap ghts between England
and Germany carried out in a small airplane. The semantic senaalescriptions of all the
parties are described as follows:
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S ' Ticket Soc Ticket
, from GermanCity , from GermanCity ; EnglishCity
 to UKCity | to GermanCity ; EnglishCity
| vehicle  ajrplane, | vehicle  gmaiiplane
Airplane; ' Airplane SmallPlane '  Airplane
| Seats 50 | Seats 30
Son ' Ticket Sps ' Ticket

, from EUCity , from USCity

| o EUCity ) o USCity

1 vehicle  yenicle | vehicle i

We list the mappings of these descriptions to WSML-DL in form oEHIQ inclusion
axioms, and also outline an ontolog{; ravel containing some background knowledge from
the travelling domaint.

n(Rs) = f & Ticket u
8 from :GermanCity u
8 to:UKCity u
8 vehicle:(Airplane u 8 seats sg) U g
o (Rs,) = f S, Ticketu on(Rsy,) = f S Ticket u
8 from:EUCity u 8 from :USCity u
8 to:EUCIity u 8 to:USCity u
8 vehicle:Vehicle g 8 vehicle:Train g
o (Rs,,) = f S Ticketu
8 from :GermanCity ; UKCity u
8 to:GermanCity ; UKCity u
8 vehicle:(Airplane u 8 seats 3p) g
Otaves = f Ticket v9 from:>u9 to:>u9 vehicle>;

EUCIty v City; USCity v City; UKCity v EUCity
EnglishCity v UKCity ; GermanCity v EUCity ;

EUCIity u USCity v ? ; UKCity u GermanCity v ? ;

Airplane v Vehicle; Train v Vehicle; Airplane u Train v ? ;
Airplane v 9 seats_integer g
u(S:Se) and (S5 S, ) ac-

If we evaluate the matching conditions (S;S,,),
cording to the translation de ned by  , we get that

Su SpA sat. w.rt. (Rs,) [ D'_(RSpA) [ Orravel

is true, but
Su SpB sat. w.rt. (Rsr) [ o (RSPB) [ Ovavel

and
Su SPc sat. w.r.t. (Rsr) [ oL (RSPC) [ Otravel

INotice that here we use nested constructs for temporary concepts lik@irplane .
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are false. This re ects that provider A matches the request whe providers B and C do
not, which is what we would intuitively expect. The requestés constraint on the airplane
being su ciently large rules out provider C who supports small aplanes only. Provider
B is ruled out because it does not o er ight tickets at all.

5.3.4 Discussion of the Matchmaking Approach

We nally discuss some characteristics of our matchmaking appaoh which we think are
important for its use within the DIP environment.

Carefully Modelling Domain Knowledge

From the examples it can be seen that the chosen matchmaking appch is reliant on
forms of \negative knowledge", like disjointness constrainter negation, which one would
expect to be contained in consciously engineered domain owigies. If such constraint
information is not present, the matchmaking algorithm is lilkely to produce false positive
matches. For example, if the request for a ight ticket modelld in terms of a travelling
ontology is matched against service o ers in some unrelated dam, say nancial services
modelled in terms of di erent ontologies, then there will prbably be no constraint in
the knowledge base stating that e.g. tickets are incompatibleith mortgages. However,
one way to avoid such potential false positives is to employ in ¢hdiscovery process a
precedent non-semantic categorisation step, as mentioned iec8on 3.3. This could,
for example, be based on keyword matching or even on taxononulassi cation of the
involved top-level concepts likeTicket or Loan. In this way, one could avoid to enter the
semantic matchmaking process for comparing tickets with magages, if the two categories
are not taxonomically connected. A service request would be asmded to the \right"
repository of service o er descriptions beforehand, each suakpository being a controlled
environment for which well-de ned and carefully modelled mtologies can be maintained,
restricted in scope to some particular domain of value.

This is also related to the combination of discovery with medieon mentioned in
Section 3.4, which will be investigated in the scope of work oneliverable D5.7 in WP5.

Restricting Datatype Ranges

Currently, the mapping of property restrictions (C;p;R) to WSML-Flight does not
support datatype ranges. The problem is that the approach in #& WSML-Flight case
relies on an instantiation of \dummy" individuals which are then checked to meet the
constraints imposed by both the service o er and the service regst description. This
works for instantiating individuals but not for instantiatin g data values, since it is not
clear which concrete value to take as an instance when an intat of values is speci ed.
A characteristics of datalog-style languages with closed-wdrsemantics, as WSML-
Flight is, is that they are more suitable to operate on knowledggbases which store ground
facts and to querying for individuals. A fact like \the value d property p for conceptC
is less than 5", however, is non-ground and cannot be an answer & query. For such
languages, matching approaches based on retrieval and quagyseem to be more suitable.
However, we argue that a retrieval-based approach, queryingrfinstances in a knowledge
base does not capture the symmetry we have between requester anavider descriptions
in our approach. Namely, both requesters and providers can eme variability in their
semantic service descriptions allowing for multiple intendecbncrete services, as described
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in a former section. Contrarily, a retrieval approach would symmetrically restrict one
side to list all their concrete services in form of ground factotbe queried by the other
side.

The mapping to the WSML-DL variant does not have this problemwith datatype
ranges, since in description logics this can be handled using crete domain extensions.
Our conclusion is, that the open-world paradigm that WSML-DL enploys does better
t the matchmaking approach described here, which is due to # modelling of service
capabilities in form of concepts being templates for servia®n gurations.

Ranking Service O ers

We have formalised di erent matching conditions ,, ,, w and , which are in some
approaches used to establish a ranking of relevant service o er&n implementation of
the discovery component could use them to realise the di erentegirees of matching such
a ranking is based on. This notion of ranking gives informatioon the options an agent
has in the subsequent service de nition phase { a service with a gr rank provides
more options to select the concrete service to be carried outath one with a lower rank
does (see [14] for detalls).

However, we argue that a ranking of service o ers in terms of tirerelevance for a re-
guest strongly depends on the concrete scenario in which disagvis applied. In concrete
use cases, an agent requesting a particular functionality ty@mdly decides which service
to use by taking into account preference information that is ot included in semantic
descriptions of services or the domain models. In commercial mancial scenarios as
we have them in WP10, for example, it is often desired to have amking of services
according to their price or other such parameters, which are getiated during the service
de nition phase. Therefore, we see a practical ranking for corete use cases outside a
generic discovery component, residing in the agent's behawro

Delivering Multiple Objects

The use of the notion of \object delivered by the service" bringyup the question of how
to handle a service that delivers multiple objects, which has@ been picked up in [16].
An example would be a service that o ers a skiing holiday includg travelling by train,
the hotel to stay at and some ski ticket. This brings in a composibnal aspect, which is
in general not subject of this deliverable but addressed e.g. D¥.12. The matchmaking
approach described here does not directly support \multiplelgects" in this sense, as in
[16], but could probably be applied repeatedly within some fim of compaosition strategy.

From a description point of view, the aspect of multiple objeat could be covered in
two ways. One would be to split up a service in di erent actual WelServices each of
which has its own capability description re ecting a single ofect. Another way would
be to choose an appropriate modelling that captures the burelof objects, making this
bundle the \object delivered by the service".
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6 Discovery in DIP Use Cases

In this chapter we link to the use case work packages, where thescbvery component
is applied in concrete scenarios. Re ecting the current statef cooperation with the use
case partners, we refer to the rst prototype of the telecommunation use case from WP8
and to the \application 1" eBanking use case from WP10. The \chage of circumstances”
scenario in WP9 turned out to not require discovery. In future wrk, the GIS-related use
cases from WP10, as well as the \application 2" in WP10 are als@ tbe investigated in
the context of discovery.

6.1 Telecommunications

The scenario around the second prototype of the telecommuniicas use case in WP8 is
concerned with the management of a contract catalogue of éelommunication products,
and will be described in detail in D8.5.

Within this scenario, a contract catalogueis a collection of Information and Commu-
nication Technology (ICT) products and services that are o eed to a customer by BT.
The di erent products are sourced from many internal and extenal suppliers, which BT
brings together and o ers to the customer as a single catalogue

The speci c problems associated with managing the contract cabgue are:

= arranging and managing a set of products from many sources toggent a consistent
view to the customer

= interfacing with the third party suppliers for order querying, processing and ful I-
ment

= managing the work ow of complex products

= producing product 'bundles' that may have constraints or dep&lencies between
them.

= identifying dependencies that arise due to existing productsnd services (i.e. the
inventory).

= representing dependencies as rules and propagating themvietn the various levels
of service o erings.

Currently BT is moving towards using Web Services to enable a ane consistent
interface between its self and the suppliers. The case study aims $how that using
Semantic Web Services can add more benet by allowing the ptact capabilities and
rules to be modelled and exposed as part of the semantic desdoptof the Web Service.

The application for discovery in this scenario is in the creatn of product bundles.
Product bundles bring together complementary products andervices to enable the cus-
tomer to order a complete solution for a particular need. An exaple of this would be
a "Trader Workstation". This bundle would o er all the ICT com ponents needed for a
trader to carry out their job. This would include such things &:

= Share Price Feed

= Network connection
= Phone line
Desktop PC

O/S Software
Trading Software
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A BT Product Manager would be responsible for designing this buite and currently
it is a manually intensive process. Each component of the bundll have speci c rules
or constraints associated with them and it is up to the product maager to make sure
that the components are compatible. For example the 'Shareriee Feed' is a service
to provide live share price information. A Requirement of ths feed is that it needs at
least 50Kbit/sec of bandwidth over the Internet to run. This mens that the 'Network
Connection' must provide at least this.

If we use a domain ontology to represent generic products andeih particular con-
straints and requirements, it would allow a product manager talynamically build a set
of goals to represent the restrictions on the products they rage in the bundle (via an
interface that hides the actual WSML representation). If edt provider uses SWS to de-
scribe the capabilities of their products on o er, it would emable the discovery engine to
match suitable products to the requirements.

As an example, consider the following two requests that a produmanager issues
when con guring a product bundle.

S, ' NetworkConnection S, ' Desktop
I bandWidth 50 kbit/sec

They ask for a network connection and a desktop computer as parbf the bundle.
The restriction on the network bandwidth stems from the constrat for the share price
feed feature mentioned before. It could be part of a telecomumications domain ontology,
as depicted in Figure 6.1.

Figure 6.1: Information within a telecommunications domai ontology.

Several external providers o er the potential modules foramposing the bundle. As
the product manager, they refer to the domain ontology deptied in Figure 6.1, describing
their o ers as follows.

Spa ' ADSLConnection Sy ' DialupConnection
 bandWidth 10924 kpit/sec  bandWidth 10 kbit/sec
Spc ' Workstation S, ' Desktop Laptop
| memory 1 GB | memory 2 GB
, CPU 2 GHz y CPU 4 GHz
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As can be easily veri ed from the parameter restrictions, the diswery engine would
identify provider A as relevant for request 1, and provider D sirelevant for request 2. The
constraint on the network connection ensures that the bundles iequipped with su cient
bandwidth (not supplied by the dialup connections of provideB), while asking for a lean
desktop solution rules out the high-performance workstation® ered by provider C).

6.2 eBanking

The scenario around application 1 of the eBanking use case is cemed with the com-
parison of mortgage services in the nancial eld. It is in detd described in D10.5 and
other WP10 documentation.

In this scenario, a mortgage comparator application acts aslaoker to nancial in-
stitutions o ering mortgage services via the web. The applid@on provides means to
compare several currently o ered mortgage services and givbe user a summarised view
on them. To re ect the current market situations, the applicaion needs to get aware of
new mortgage o erings that enter the market. Here service diseery comes into play:
the application identi es those mortgage o ers, accessible tbugh Web Services, which
are relevant for the current user request. The mortgage servecevolved are described
by nancial parameters of the mortgage loan objects, like théban interest rate, the total
mortgage amount, the real estate the mortgage is provided foetc.

We give a (modi ed) example, taken from the mortgage compason use case described
in D10.5, to illustrate discovery in eBanking. The following sbws the semantic service
descriptions of a requester and of di erent nancial provides A and B, in the style intro-
duced in Section 5.

S ' Mortgage
; interestRate 4%
| totalAmount 200,000.0G
| realEstate Apartment
. S ' Mortgage
Spa Loan | interestRate 4:5%
; interestRate 3% IA
" totalAmount |t Aot 150,000.0
! 30,000.0 , realEstate

IndustrialFacility

The nancial domain ontologies the requester and provider paes commonly refer
to de ne notions like Loan, interestRate, Mortgage, etc. Figure6.2 shows an excerpt of such
ontologies.

The domain ontologies de ne taxonomies relevant for the nacial items o ered by
service providers. Besides subsumption, they also specify disjoiess relations between
siblings in the taxonomies. This is important for the matchmalkg mechanism in the
discovery process, since otherwise it would not recognise that.egedit and Savings are
incompatible classes of objects.

Together with the taxonomic information depicted in Figure6.2, matchmaking applied
to the descriptions given above yields the result that provideA matches the request while
provider B does not. The o erings of provider A lie within thescope of the requested pa-
rameters and therefore the requester can potentially nd angrteement with this provider
in a subsequent service de nition phase. On the other hand, praler B does not ful | the
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Figure 6.2: Taxonomies within a nancial domain ontology.

requested requirements, for two reasons: the requested maximunterest rate is exceeded,
and the specialisation to mortgages on industrial facilitiesaks not t the requirement
for a mortgage on an apartment.

32



FP6 { 507483
Deliverable 4.8

A AIP ASM Specification of the Discovery Frame-
wor

ASM models can help to provide explicit, exact and formal specations with an accurate
meaning of all underlying terms, needed to produce a consistanew of the general SWS
usage process. Furthermore, the ASM method allows us to isolateethard part of a sys-
tem, e.g. communication and concurrency issues and thus to centrate on the essential
parts for re nement, targeted at bridging controversial appoaches, like di erent distribu-
tion strategies or di erent semantic mathmaking approaches,hrough explicitly showing
their di erences by deriving them as di erent re nements ofthe same abstractions.

A.1 Formalization of SWS discovery framework

We see the discovery service as an interface, which is de ned thetfollowing methods

= ReceiveGoal for receiving goal queries (elements of a séGoalMssg from
clientst,

» SendSetOfWS for sending sets of found Web Services (elements of a €ait-
WSMssg back to clients,

= ProcessGoal to handle ReceivedGoasd (elements of a seGoalObj of internal rep-
resentations of received goals, say as goal objects), typicably sending to relevant
discovery service providers goal queries, which are needed toviee the currently
handled goal requesturrGoalObj?,

» SendGoal for sending outgoing goal queries (elements of a ButGoalMssg to
providers, which may again be discovery service providers,

= ReceiveSetOfWS for receiving incoming sets of found Web Services (elements o
a setInWSMssg) from discovery service providers.

We de ne discovery service provider as an ASM, which at each montehooses one of
its submachines (non-deterministically) for execution (wire we abstain from representing
here the selection of the parameters involved in such submachinalls):

DiscoveryServiceProvider =
choose M 2 f ReceiveGoal ;SendSetOfWS g|
f ProcessGoal ;SendGoal ;ReceiveSetOfWS ¢
M

We formulate a \stateless" model for the communication betweedlients and discovery
service providers, which assumes that the relevant state inforti@n for every received or
sent message is contained in the message. The notion of state is ret&d to the detection
of loops, which can be caused by other discovery service provgleending a goal that is
already in the processing by the receiving provider. Therefera goal must be uniquelly
identi able in the global context.

!Since instances of the abstract machine®iscoveryServiceProvider we are going to de ne here
can be distributed over multiple discovery locations (see Sect.subsection:distributig), such a client can
also be another (Virtual) Discovery Service Provider DSP asking for servicing a goal query of a goal
received by DSP.

2We deliberately keep the underlying message passing system abstract, so that thenssne we are going
to develop for Discovery Service Providers can be instantiated in such a wayhiat also ProcessGoal
itself can be a provider of a discovery location and thus service a goal querynternally'.
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A.1.1 Abstract Message Passing

For receiving and sending request and answer messages we abstramh fthe particu-
larities of a concrete message passing system. This means that we tnee following
behavioral communication interfaces (to be imported predates and machines, specied
and implemented elsewhere) for mail boxes of incoming and going messages.

= a predicateReceivedGoal used byReceiveGoal and expressing that an incoming
goal query (which is passed as argument to the predicate) hasemereceived from
some client (which we suppose to be encoded into the message),

= a predicate ReceivedSetOfWSused by ReceiveSetOfWS  and expressing that a
message containing a set of web services (to a previously sent gagdrg, which we
suppose to be retrievable from the message) has been received,

= a machineSend, used a) bySendSetOfWS for sending out messages containing
sets of web services to goal queries back to the clients where tpal queries orig-
inated, b) by SendGoal for sending out goal queries to providers. In both cases
we assume the addresses to be known or encoded into the message.

For reasons of modularity we separate the internal preparatioof outgoing answer or
request messages iArocessGoal from the machineSend which does the actual sending
and relates to the communication medium we want to keep abstth We therefore use in
addition to ReceivedGoaland ReceivedSetOfWShe following two abstract predicates for
mail boxes of outgoing mail:

» SentSetOfWSToRequestoexpressing that an outgoing message containing a set of
found web services (elaborated from &rocessGoal internal representation of
an answer) has been sent t&end, to be actually passed to the external message
passing system,

= SentGoalToProvider expressing that an outgoing goal query (corresponding to an
internal representation of a goal) has been sent t6end to be actually passed to
the external message passing system.

A.1.2 The Send/ Receive submachines

The interaction between a client (initial requestor or some dcovery service provider) and
a discovery service provider, which is triggered by the arrivaf a client's goal query via
the message passing system, is characterized by creating at the D&5§oal object (a goal
ID, say elementg of a setGoalObj of currently alive goal objects), which is appropriately
initialized by recording in an internal representation the elevant data, which are encoded
in the received goal query. This includes decorating that géct by an appropriate status,
say status(g) := started for a new goal orstatus(g) := loopDetectedfor a goal already in
processing at this discovery location, to signal t®rocessGoal its readiness for being
processed, and by other useful information. That is, for the samaitial goal several
inGoalMsg can arrive at a discovery location causing the creation of a neslementg of
a set GoalObj for each of them. However, only ong for the same initial goal will get
the status started and will be really processed while all the others will get the stas
loopDetectedcausingProcessGoal to create an answer containing an empty set of web
services.

This requirement for the machineReceiveGoal is captured by the following de ni-
tion, which is parameterized by the incoming request messagesoalMsg (supposed to
belong to the setinGoalMssg of legal incoming goal queries) and by the s&oalObj of
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current goal objects of theDiscoveryServiceProvider . For simplicity of exposition
we assume a preemptivReceivedGoalpredicate’.

ReceiveGoal (inGoalMsg; GoalObj) =
if ReceivedGogalinGoalMsg) then

let g = New(GoalObj)*in
Initialize  (g; iInGoalMsg)
Initialize (SetOfWS(Q))

if NewGoalg; GoalObj) then
status(g) := started

else
status(g) := loopDetected

Initialize (SetOfWS(Q)) =
SetOfWS(g) := ;

The interaction between a discovery service provider and a efit, which consists in
sending back a message containing a set of found web services toewvipus goal query of
the client, is characterized by the underlying goal objectdving reached through further
processing oProcessGoal astatuswhere a call toSendSetOfWS  with corresponding
parameter outSetOfWSMsghas been internally prepared byProcessGoal | say by
setting an answer-mailbox predicat&entSetofWSToRequestofor this argument to true.
Thus one can specifyfSendSetOfWS , and symmetrically SendGoal with a request-
mailbox predicate SentGoalToProvider, as follows®

SendSetOfWS (outSetOfWSMsgSentSetOfWSToRequestgr=
if SentSetOfWSToRequestgoutSetOfWSMsg then
Send(outSetOfWSMsg

SendGoal (outGoalMsg SentGoalToProviden =
if SentGoalToProvider(outGoalMsg then
Send(outGoalMsg

For the de nition of ReceiveSetOfWS we use as parameter th&etOfWS function
which provides for everygoal g which may have triggered sending some goal queries to
other discovery service providers, th8&etOfWS(g), where to insert (the internal represen-
tation of) each setOfWS contained in the incoming messagg.

ReceiveSetOfWS (inSetOfWSMsg SetOfws)’ =
if ReceivedSetOfWE&nSetOfWSMsg then
insert setOfWS(inSetOfWSMsg into SetOfWS(goal(inSetOfWSMsQ)

30therwise a Delete (inGoalMsg) has to be added with the eect that the execution of
ReceiveGoal (inGoalMsg; GoalObj) switches ReceivedGoa(inGoalMsg) from true to false.

“New is assumed to provide at each call a su ciently fresh element in the indicated doman.

SFor the sake of generality, we assume the destinators of messages to be encodad the message.

6The function goal(inSetOfWSMsg) is de ned below to denote the goalg to which the inSetOfWSMsg
is received now.

"Without loss of generality we assume this machine to be preemptive (i.e.
ReceivedSetOfWSinSetOfWSMsg) gets false by ring ReceiveSetOfWS  for inSetOfWSMsg).

35



FP6 { 507483
Deliverable 4.8

Behavioral interface types . Through the de nitions below, we will link ReceiveGoal
and SendSetOfWS by the status function value for a currGoalObj. This realizes that
the considered communication interface is of the \provided dhavioral interface" type,
discussed in [8], where th&eceiveGoal action corresponds to receive an incoming re-
quest, through which a newgoalObj is created {(nitStatus(ProcessGoal )), and occurs
before the correspondingendSetOfWS  action, which happens after the outgoing an-
swer message in question has be8entSetOfWSToRequestgmamely whengoalObj was
reaching thestatus deliver The pair of machinesSendGoal and ReceiveSetOfWS in
ProcessGoal (more precisely in the submachindterateSubRegProcessg de ned
below) realizes the symmetric \required behavioral interfiee” communication interface
type, where the Send actions in SendGoal correspond to outgoing goal queries and
thus occur before the correspondingeceiveSetOfWS  actions of the incoming sets of
found web services to those goal queries.

A.2 TheProcessGoal Submachine

In this section we de ne the signature and the transition rules fothe Abstract State
Machine ProcessGoal for the processing kernel of a service discovery provider. The
signature de nition really provides a schema, which is to be stantiated for each particular
ProcessGoal kernel of a concrete Service Discovery Provider, namely byiig concrete
de nitions for the abstract functions we are going to introdwce (see their listing in the
documentation section below).

In our de nition we want to abstract from the scheduling mecharsm which calls
ProcessGoal for a particular current goal objectcurrGoalObj. We therefore describe
the machine as parameterized by such eurrGoalObj 2 GoalObj, which plays the role
of a global instance variable. The de nition is given in termsf control state ASMs in
Fig. A.1, using the standard graphical representation of nite atomata or owcharts
as graphs with circles (for the internal states, here to be intpreted as current value of
status(currGoalObj)), rhombs (for test predicates) and rectangles (for actions).

The de nition in Fig. A.1 expresses that eachProcessGoal call for a started goal
object currGoalObj triggers to FeedSendGoal with a goal query to be sent out for every
relevant discovery location | of the current currGoalObj, namely by setting SentGoalTo
Provider(outGoal2Mssgl)) to true. Here outGoal2Mssgl) transforms the outgoing goal
query into the format for an outgoing goal query message, whidias to be an element
of OutGoalMssg Since those immediate goal queries, elements of a atrGoalQuery
(currGoalObj), are assumed to be processable by other discovery service prowgde-
dependently of each other,FeedSendGoal elaborates simultaneously for each an
outGoalMsdl). Simultaneously, ProcessGoal updates the status ofcurrGoalObj to
status(currGoalObj) := waitingForAnswers, wherecurrGoalObj remains until AllAnswers
Receivedor BreakCondition becomes true.

ProcessGoal call for a loopDetectedupdates the status ofcurrGoalObj to status
(currGoalObj) := compileAnswer

As long as duringwaitingForAnswers, AllAnswersReceivedcurrGoalObj) is not yet
true and BreakCondition(currGoalObj) is false, ReceiveSetOfWS inserts for every
ReceivedSetOfWENSetOfWSMsQ the retrieved internal setOfWS(inSetOfWSMsg rep-
resentation into SetOfWS(currGoalObj) of the currently processed goaturrGoalObj,
which is supposed to be retrievable agoal of the incoming answer message.
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FeedSendGoal with
ParGoalQuery(currGoalObj)
yes

GenerateException  +——= BreakCondition

loop
Detected

no

v
Y

compile es AllAnswers
&nswer Received

v

CompileOutSetOfWSMsg
| from currGoalObj

Figure A.1: ProcessGoal (currGoalObj)

OnceProcessGoal nds AllAnswersReceivedcurrGoalObj) or the BreakCondition
(currGoalObj) becomes truecurrGoalObj assumesstatus value compileAnswer.

Once, ProcessGoal nds status(currGoalObj has value compileAnswer it com-
piles from currGoalObj (which allows to accessSetOfWScurrGoalObj)) an answer, say
outSetOfWS currGoalObj), and transforms the internal answer information a into an
element of OutWSMssgusing an abstract functionoutSetOfWS2Mss(r). We guard this
answer compilation by a previous check whethe&8etOfWSToBeSentfor the currGoalObj
(including the SetOfWS(currGoalObj)) evaluates to true.

For the sake of illustration we also provide here the textual denition of the machine
de ned in Fig A.1.

ProcessGoal (currGoalObj) =
if status(currGoalObj) = started then
FeedSendGoal with ParGoalQuery(currGoalObj)
status(currGoalObj) := waitingForAnswers
if status(currGoalObj) = loopDetectedthen
status(currGoalObj) := compileAnswer
if status(currGoalObj) = waitingForAnswersthen
if BreakCondition(currGoalObj) then
GenerateException  (currGoalObj)
status(currGoalObj) := compileAnswer
else
if AllAnswersReceivedcurrRegObj) then
status(currGoalObj) := compileAnswer
if status(currGoalObj) = compileAnswerthen
CompileOutSetOfWSMsg from currGoalObj
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status(currGoalObj) := deliver
where

FeedSendGoal with ParGoalQuery(currGoalObj) =

forall s 2 ParGoalQuery(currGoalObj)
SentGoalToProvideroutGoal2Mssgs)) := true

CompileOutSetOfWSMsg from currGoalObj =
SentSetOfWSToRequest@outSetOfWS2MssputSetOfWS currGoalObj))) :=
true

Sets of WS.

AllAnswersReceived=
for eachreq 2 ParGoalQuery(currGoalObj)
there is someansw 2 SetOfWS(currGoalObj)

A.3 DiscoveryEngine ASM

Similar to DiscoveryServiceProvider , We see the discovery engine as an interface,
which is de ned by the following methods:

= ReceiveGoal for receiving goal queries (elements of a s&iGoalMssg) from a
client®,

= SendSetOfWS for sending sets of found Web Services (elements of a €ait-
WSMssg back to the associated DSP,

s MatchGoal to handle ReceivedGoat (elements of a seGoalObj of internal repre-
sentations of received goals, say as goal objects), typically lgring and matching
the locally available set of web services to service the currgnhandled goal request
currGoalObj

We de ne a discovery engine as an ASM, which at each moment cho®sme of its
submachines (non-deterministically) for execution (where evabstain from representing
here the selection of the parameters involved in such submachinalls):

DiscoveryEngine =
choose M 2 f ReceiveGoal ;SendSetOfWS g
f MatchGoal ¢

M
The machineSendSetOfWS has been reused frorDiscoveryServiceProvider
The machineReceiveGoal from DiscoveryServiceProvider has been slightly mod-
I ed.

ReceiveGoal (inGoalMsg; GoalObj) =
if ReceivedGoalinGoalMsg) then
let g = New(GoalObj) in

8Each instance of the abstract machinediscoveryEngine  we are going to de ne here is associated
with a DiscoveryServiceProvider , i.e., only the associated Discovery Service ProvideDSP asking
for servicing a goal query of a goal received bYpSP will be served.
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Initialize  (g; inGoalMsg; inSetOfWS®)
Initialize (SetOfWS(Q))
status(g) := started

MatchGoal executes the machinePrefiltering , SemanticMatchmaking  and
QoSMatchmaking sequentially reducing stepwise the initial set of web servicesSetOfWS
to the nal set of web services matching the goal. The nal set is s¢ to the DSP as
soon ascurrGoalObj is set to status(currGoalObj) := compileAnswer

MatchGoal (currGoalObj) =

if status(currGoalObj) = started then
Prefiltering(currGoalObj)
status(currGoalObj) := Itered

if status(currGoalObj) = Itered then
SemanticMatchmaking(currGoalObj)
status(currGoalObj) := matched

if status(currReqObj) = matchedthen
QoSMatchmaking(currGoalObj)
status(currGoalObj) := compileAnswer

if status(currGoalObj) = compileAnswerthen
CompileOutSetOfWSMsg from currReqObj
status(currGoalObj) := deliver

where
CompileOutSetOfWSMsg from currReqObj =

SentSetOfWSToRequestgoutSetOfWS2MssputSetOfWS currReqObj))) := true

The machinesPrefiltering , SemanticMatchmaking and QoSMatchmaking
can now be further re ned in order to implement di erent Ite ring and matchmaking
methods or strategies.

The introduced high-level ASM model of distributed semantic dicovery process pro-
vides a basis for communicating and documenting design ideasasupports an accurate
and checkable overall understanding of the controversiallyistussed topic of frameworks
and methods for semantic WS discovery , a part of the Semantic WeServices (SWS)
usage process [11]. The presented formalization of the discgvsamework demonstrates
that the di erent distribution and semantic matchmaking strategies, depending on the
technology used for an implementation of a discovery servicegrcbe derived as di erent
re nements of the same abstractions. We used the concept of the Wial Provider (VP)
as a basis for the formal speci cation of the distributed semartgidiscovery framework [5].
Only minor changes on the VP structure were required in order tspecify a formal, high-
level ASM model of distributed semantic discovery services.Besidthe discovery topic,
VP has proven to be useful also in the area of mediation and comptasn, [3], [4], [7].

%inSetOfWS is assumed to contain an initial set of web services to be matched with the g g.
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