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Abstract Adaptive service selection is acknowledged to provide tagenumber of
advantages to optimize the service provisioning processaater for advanced ser-
vice brokering. Semantic Web Services, that is servicdstinge been enriched with
semantic annotations have often been used for providingtiadsservice selection
by deferring the binding of services until runtime. Thus faowever, research on
Semantic Web Services has mainly been dominated by richepdinal frameworks
such asvsmo andowL-s which require a significant effort towards the annotation
of services and rely on complex reasoning for which therearefficient solutions
that can scale to the Web yet. In this chapter, inline withrenirtrends on the Se-
mantic Web that sacrifice expressivity in favour of perfonte, we present a novel
approach to providing adaptive service selection thaesetin simple conceptual
models for services and less expressive formalisms fortwthiere currently exist
mature and performant implementations. In particular, ves@nt a set of concep-
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tual models defined iRDF(S) that support both Web services and Web APIs and
we show how simple templates abstracting user requirencantbe automatically
transformed intGPARQLtO enable service selection in a scalable manner.

1 Introduction

Web services provide means for encapsulating softwaretibmatdity as remotely
accessible components, independent of programming laegarad platform. Con-
siderable effort has been devoted to defining architecta®seloping communi-
cation middleware, and creating languages and processiteaxeengines that can
support the creation of complex distributed systems by &essty combining Web
services. Service-oriented architecture®4s) advocate the development of solu-
tions whereby service providers advertise the serviceg tiffer in a shared and
publicly accessible repository. Software developers tlligent applications can
then access this repository in order to find suitable sesvimea given purpose and
subsequently invoke them.

Web services have increasingly been used within and in saseschetween
enterprises. However, despite the essential advantagagtirby service-oriented
technologies, their use in enterprise settings is not witlpooblems. For instance,
the execution of business processes defined in this marnpieally relies on rigid
process models which interact with a fixed and predefinedfggarbner services.
This rigidity impedes or at least complicates to a largemxtery desirable features
like the dynamic replacement of services based on theientistate, the selection
of those that better fit a certain context, etc. Conventisokitions to such problems
are brute-force: for example, modifying the process modétssomewnhat artificial
branches. This approach results in models that are morelegngmd adapting as
well as maintaining them in the light of changing condititashs out to be a hard
task [36]. These limitations are even more important in og@rironments like the
Web, where additional difficulties appear such as the hgareity of data formats
or the unreliability of servers. Recent trends indicate tither technologies, such
as HTTP-based Web APIs, are preferred in these cases [10].

In this chapter we address the rigidity of business prosdsgproviding adaptive
service selection. This kind of technique, also known aslanding, relies on defer-
ring the selection and binding to the service to be executdéitiruntime so that up
to date detailed information concerning the state of thénless process and other
contextual factors such as the previously monitored perémce of services can
help to adapt the selection to the (presumably) most optimappropriate solution.
Adaptive service selection has often been based on exgjagmantic annotations
of services. Research in this area has thus far b een maiagndry rich Semantic
Web Servicesgws) conceptual models such as the Web Service Modeling Ontolog
(WwsSMO) [17] andowL-S [29], which rely on expressive knowledge representation
formalisms such as Web Service Modeling LanguagsnL) [11] andowL [35]
complemented by some rule language. On the basis of thésealegies, rich SWS
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can be defined on top of which refined service discovery dlgms and techniques
can be implemented. However, creating these descripteEpresents a significant
knowledge acquisition bottleneck, and reasoning over thamies a considerable
computational overhead that has limited the scalabilitthese approaches.

The issue of scalability is one that has always been cemtthlei Semantic Web
community, where recent practices, best exemplified byitked data initiative [5],
are disregarding expressivity in favour of performance acalability. Consider-
able effort has gone into developing systems that can effigisupport storing, up-
dating, and reasoning ovBDFS[30] — a simple ontology representation language
for the Web. Additionally, a standardised language andomaltfor querying these
repositories calledPARQL[38] has been devised which nowadays supports the sys-
tematic development of applications on top of large RDF(&vkedge bases.

The work in this chapter has been conducted irstba4All project, anEu funded
research programme which aims to harness the scalabilityeo¥Veb, and to use
lightweight Web technologies to begin an incremental appihdo reaching its ob-
jective of ‘enabling a Web of billions of services’. Basedtbe service portability
scenario [REF Use Case Chapter] we present a novel approg@gecbviding adap-
tive service selection based on lightweight semantic teldwies, notablyrDFsand
SPARQL, so as to provide an efficient and scalable solution that ezapiplied on a
Web scale. In particular, we provide adaptive service seleavithin workflows by
defining processes based on service templates that spbstfaet objectives rather
than by directly naming concrete services. At runtime, isertemplates can be di-
rectly transformed intSPARQLqueries that can be used to retrieve suitable services
from existing repositories of service annotations infodrbg the current conditions
and contextual knowledge which includes external infofamesuch as the location
of a customer, monitoring data, and so forth.

The chapter is organised as follows. We first introduce tree cdudy that is
used to explain the technologies and methods describetht{8extion 2). We then
present background knowledge about Semantic Web Serviceisgioduce related
work in the area of service adaptability (Section 3). We tpegsent our overall
approach (Section4) and cover each of the main technicattspnplementing it,
including the formal model for describing services (Sattdl), the kinds of service
descriptions produced (Section 4.2), the service repggi8ection 4.3), and service
matchmaking techniques basedsrARQL (Section 4.4). Throughout, we illustrate
our approach with examples based on the case study. Fimelligction 5 we present
our main conclusions and introduce lines for future redearc

2 A Case Study in Added-Value Services and Service Portability

Chapter [REF Use case Chapter] defines a common use-casesedé&roughout
the book for illustration, clarity, and coherence purpoSése chapter identifies a
number of scenarios and business goals that need to beddmkiaobile operators.
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In this chapter we focus on two of these business goals: thégioning of added-
value servicesTELCO-BG-09, and supporting service-portabilitygLCO-BG-04.

The first business goal—providing added-value servicestigently attracting
more interest from telecom operators since they otherwiséhe risk of becoming
“dumb pipe providers” [10]. This business goal is largelgaéd with current Web
trends where WelPis andRESTful services are increasingly being offered, and
where an appropriate combination and integration of tha thegse services provide
enables the provisioning of a wealth of useful low-cost addalue services. The
second business goal is also related to existing trend$isncase on customers
mobility, and on the fact that currently client terminale @ncreasingly powerful
and can give access to all sorts of services offered by apsras well as openly
on the Web. Both business goals come hand-in-hand as stategmportant for
telecom operators that aim to provide added-value sent@egve themselves a
competitive advantage and additional revenues. Both basigoals are at the core
of a use-case lead BT in SOAAIl, and in general are strongly aligned with the
overall goal pursued by the project which seeks to supperctkation of a Web
where billions of services are offered and consumed byobidliof providers and
customers [10].

Given that both business goals are highly generic, we usera oumcrete sce-
nario for illustration purposes. The reader should noteyewer, that the models,
techniques and systems introduced in this chapter coulgbléed in a wide range
of scenarios. The scenario that we have chosen is one whee@ethPhone Operator
offers a simple added-value service for frequent travel#osving them to receive
timely notification of traffic reports, or delays in flightsatrains so that they can
rearrange their trip if necessary. This information is madslable via subscription
throughsMs messages, or on demand using a Web-based interface.

Let us imagine a frequent traveller that has to spend a few dayienna to
attend a meeting, and then returns to London. While in Viesha wants to be
aware of the local traffic, so as to reach her various meetitgsss the city on
time. The traffic reports are naturally location specificjtsg necessary to know
the desired location for obtaining the reports which in tdetermines which of the
publicly available services is to be contacted. In this cmeselection of the service
to invoke to obtain traffic information is based on the phgkiacation of the phone
and the Cell Phone Operator of Austria can directly deal thith request.

After a few days of meeting in Vienna she has to return to Lon&he therefore
wants to know if the flight and tube line have any delays or péghdisruptions.
In this case the necessary information concerning her g@uis stored within an
online travel management system like Triplt.com that onltharised systems can
access. In this specific case, the Cell Phone Operator semgin Austria needs to
redirect the invocation at the expense of a small roamingffekeed the Cell Phone
Operator wants to offer a service that is able to deal withdewange of locations
(virtually anywhere) and it is of utmost importance thastkervice is available for
the customers at anytime in a completely transparent manner

Achieving these goals presents a number of technical rexpeints that are worth
highlighting and are schematically depicted in Figure strand foremost, offering
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access to such a wide-range of services offered by thirtegadquires a means for
appropriately brokering services by dealing with data togteneity and supporting
the selection of the most appropriate services to invokergitie location and kind
of transportation used. This also highlights the need fppsuting the use of di-
verse kinds of service technologies includingbL but also WelaPIS andRESTful
ones offered directly viaiTTP. Additionally, because of the need to have access to
a very large amount of services it is not appropriate to enthedervice selection
within the process definition extensionally through a ditesrd-wired inclusion of
the service. Instead, an intensional definition using datilee statements regarding
the suitability of services is a more appropriate solutlbis.only through this man-
ner that the process model for carrying out these activigsremain simple and
that new information providers can easily be added or remh@gethe need arises
or based on their current state, performance, etc. Finallgrder to support the
portability of services it is necessary that Cell Phone @mes of remote countries
can transparently redirect the request of customers of ofherators or can directly
deal with the request if no privately owned information igdlved.
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Fig. 1 Service portability through adaptive search.
On the left is the Vienna locale, service provider, and oer.u8n the right, the users and providers
in London. At the bottom is a service repository.

In the remainder of this chapter we describe how, by meansgile seman-
tic annotations, it is possible to achieve these two busigesis. For the sake of
clarity and simplicity, we shall refer throughout the chapb traffic report services
that take as input a geographical locationationand a human language identi-
fier language and supply a textual summary limanguageof the traffic situation in
location Similarly, we shall use several ontologies to describestrgices. These
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include the ontologies for standard parts of the semantt, wer framework, and
domain specific vocabularies for traffic reporting. In pautar, we use an ontology
of human languagésand use av3c ontology for discussing geographical location.

3 Background and Related Work

Web Services are software systems that offer their funatityrover the Internet via
platform and programming-language independent intesfdeéined on the basis of
a set of open standards suchvasDL, SOAP and furtherws-* specifications [13].
Constructing distributed systems out of Web services is temef identifying suit-
able Web services and orchestrating them (through contrldataflow) in such
a way that they achieve the desired goal. However, ther¢ itimtions, as faced
in the case study that we address in this chapter, where thieeseo be used for
execution within a concrete workflow depends on conditibias &re knowable only
at runtime (e.g., location of the requester), or where oigtitions can be achieved
by tracking certain aspects such as the overall performexitibited by equivalent
services. In the remainder of this section we shall reviewesof the main proposals
for improving flexibility in SOAs, focusing on research in Semantic Web Services,
since that area is the basis for our work.

3.1 Adaptive Service Binding

Since the advent of Service-Oriented Computing, much rebd@as been devoted
to discovering means for applications to take into accobahging environmentsin
order to adapt to the situation at hand [34]. Research iraifeia spans a wide range
of topics including compensation handling, self-configiorg self-management,
self-adaptation, and self-healing. One often pursued dineork on providing a
certain level of adaptability within workflows is based onalty of Service QoS
aware binding mechanisms [2,22,50]. The approaches stagbiffer significantly
in the means for obtaining relevant data, how the QoS is medsand computed,
as well as the techniques for bringing a certain level of &alafity within pro-
cesses. [2] highlights the importance of including QoSiimfation while selecting
services. [50] proposes middleware that is able to comjetd nd global optimi-
sations in order to obtain the best composition at runti@]. focusses on outlining
how processes defined BPEL can be enhanced with adaptive capabilities by com-
bining it with Aspect-Oriented Programming.

The aforementioned approaches rely to a certain extent drkm@vn and con-
trolled environments whereby the services that can be usddhawn in advance. A
different pointin the services space is characterised®yse of Semantic Web Ser-

1 One such vocabulary is at http://www.lingvoj.org/langft th does not quite fit our purpose. Since
its use here is pedagogical, we take some liberties witlectgp its actual content.
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vices and related execution engines and machinery whichcagater also for open
environments like the Web where assumptions about data enity or service
availability for example cannot be made a priori. In thigpexs it is worth mention-
ing the work carried out in th®ETEOR-Sproject through the use af/'SDL-S and
the notion of service templates as a means to provide laigitig facilities [47].
This work is indeed closely related to ours in that we shaeertbtion of a ser-
vice template as a placeholder for describing intensigreafamily of services that
are suitable, and which must be retrieved and ranked atmentSimilarly, work
aroundwsmMmoO [17] has proposed the use of goals within orchestrations #iu
lowing the process activities to be resolved and the bestimrmaked at runtime
based on the functionality provide and other arbitrary eons such as QoS, cost,
or trust [19, 32, 33].

Finally, we consider context-aware systems. Althoughaesgein this field of-
ten concentrates on the distribution of sensors for gatgedntextual information,
its representation and processing mechanisms, their aionpiovide adaptive sys-
tems that can better tackle the situations at hand by beiagea@f the surrounding
contextual conditions. Research in this area has therpfoduced a number of ar-
chitectures, conceptual models and approaches that aagtiipar relevance to our
endeavour. The reader is referred to [4] for a survey on thegters and to [41] for
a selection of methods, architectures and technologieging context-awareness
to Web service technologies.

3.2 Semantic Web Services

Although service-oriented systems are highly appealioghfan engineering per-
spective, developing them requires substantial manuaiteéf locate, interpret and
integrate services. Consequently, Web services are mos#g within controlled
environments such as large enterprises rather than on tidiqpWeb [10]. This
is illustrated by the fact that currently there are only 28,0Veb services on the
Wel?, whereas organizations like Verizon are estimated to hemenal 1,500 Web
services deployed internally [10]. It has been argued that mossible reason for
this lack of take up is thavs-+ Web Services do not fully embrace the principles of
the Web [10, 48].

Recently, the world of Web services has changed signifigamith the prolif-
eration of WebAPIS, also calledrRESTfuUl services [39] when they conform to the
architectural style [18]. This kind of service is charaized by simplicity (at least
compared tavs-*) and is typically used in conjunction with Web 2.0 technaésg
and social networking applications. These services arallysdescribed in natural
language, on unstructuredML pages. Attempts to introdueesbDL-style machine
readable descriptions [20] have not been popular with deesk. As a consequence,
and despite their popularity, the development of Web appibas that integrate dis-

2 http://webservices.seekda.com/
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parate services in this manner suffers from a number ofditioits similar to those
we previously outlined for (standard) Web services with reréased complexity
due to the fact that most often no machine-processableigésaoris available. Dis-

covering services, handling heterogeneous data, andrayesgrvice compositions
are largely manual, tedious tasks which result in the dgwetnt of custom tailored
solutions that use these services.

Semantic Web Services were proposed as an extension of \Webesewith se-
mantic descriptions in order to provide formal declaratiedinitions of their inter-
faces, and what the services do [31]. The essential chaisit®f SwSis therefore
the use of knowledge representation languages with wélheld semantics, e.g.,
RDFS[30], owL [35] andwsML [11] to name a few, that are amenable to automated
reasoning. On the basis of these semantic descriptgwis,technologies seek to
increase the level of automation that can be achieved thiautghe life-cycle of
service-oriented applications which include the discpward selection of services,
their composition, their execution and their monitoringoag others. Part of the
research oswshas been devoted precisely to identifying the requirenfensws
systems, and defining conceptual frameworks and architscthat cover the entire
life-cycle of sws[7,12,15,17, 31, 33,44].

The main approaches devised so far can roughly be dividedaptdown and
bottom-up. Top-down approaches to the development of seer&ib services like
WSMO [17] and OWL-S [29] are based on the definition of high-level ontologies
providing expressive frameworks for describing Web s&wicOn the other hand,
bottom-up models such &sDL-S[1] and the Semantic Annotations farsDL and
XML SchemagAwsDL) [14] adopt an incremental approach to adding semantics to
existing Web services standards, addingueDL specific extensions that connect
the syntactic definitions to their semantic annotations.

The landscape of Semantic Web Services is thus charaddriza number of
conceptual models that, despite a few common charactesistimain essentially in-
compatible due to the different representation languageéeapressivity utilized as
well as because of conceptual differences. For exarm#&0 contains the notions
of goal (to represent the client/user perspective) and ated{to resolve hetero-
geneities), which have no equivalentdnvL-S. SAWSDL differs significantly from
both owL-s and wsMo, leaving aside the definition of processes and the provi-
sioning of a high-level conceptual model, focusing insteagroviding a minimal
yet extensible syntactic extension on top of existing séadsl for describing Web
services (vSDL) and their data modeXL Schema). Regardless of the concrete
approach followed, the vast majority of the Semantic Welvies initiatives were
based upon adding semanticswsbDL Web services. It is only recently that re-
searchers have started focusing on Wels andrRESTful services, the main exam-
ples beingsA-REST[42] and Micronvsmo [28].

Service selection, also referred to as matching or matchhgak several pa-
pers, has been a core research topic of the SWS communitygddieof service
matchmaking is to, given a request for retrieving sdamel of Web service, i.e.,
that is a family of services that meet certain criteria, iffgrall those Web service
advertisements that match to a certain degree the requebiaps the best known
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matchmaker is Sycara et alSEMANTIC MATCHMAKER [44]. It was one of several
matchmakers proposed fawL-s which matched requests according to input and
output types [27, 45]. Each request’s input and output tgsesompared pairwise
with the corresponding inputs and outputs of a service d#gmn, with the compar-
isons resulting in per-variable matches nareealct(the requested and offered types
are the sameplugin (the offer is a subclass of the requestibsumesthe offer is

a superclass of the request), dad (there is no relationship). These matches are
assigned numerical scores, and a service’s degree of ntathk briginal query is
determined by the product of the scores for each variable.

In wSMO, the concept of a goal is used to specify problems from a tdiger-
spective. The goals are defined using preconditions andteffin the manner of
planning operators, and through processing by heavywedgisoners, they can be
resolved with a service or orchestration of services. Exasgf WSMO-based dis-
covery engines are for instanges-il [12], Glue [46] or the template-based system
described in [43]. The latter is quite relevant to the workgemted here since it
also uses the notion of templates although in this case thpl&tes have to be
structured in a hierarchy that can be exploited to speed eigdhrch process, and
therefore achieves performance improvements in contreliwironments restricted
to a particular domain where deep hierarchies can be defined.

Computing subsumption relations in a description logicdsanreliably fast op-
eration, and working with the more abstract relation betwgeals and services is
harder still. There have been some recent attempts to irmredormance. TheX
matchmaker treatSWL classes as keywords, trading subsumption for a vectorespac
similarity measure akin to information retrieval. Qualdfymatching is claimed to
be as good as subsumption, while performing ten times fE23¢r

Independently from the concrete conceptual framework ttsedforementioned
approaches rely on rich models that have significantly &chitheir uptake for two
main reasons. First, they require considerable human t€boannotating the ser-
vices. Secondly, these models being based on expressivdddge representation
formalisms, their complexity is such that reasoning ovewises descriptions is
computationally demanding which in turn limits their sdaldy. The reader is re-
ferred to [11], [35], and [21] for details on the computatiboomplexity of WSML,
OWL, SWRL - the rule language often used in OWL-S descrigtionespectively).

In this chapter, as opposed to the research described abe@resent a novel
approach to providing adaptive service selection basedprastic annotations of
services. The novelty lies on the use of lightweight sencateithnologies which
limit the expressivity of service annotations and henceréuieice the potential for
carrying out highly complex service matching, in order togiify the creation of
these annotations for developers as well as to support ¢fffegient and scalable
manipulation.
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4 Scalable Late-binding of Servicesbased on Lightweight
Semantic Annotations

In traditional workflows and business processes the exattgilies on syntactically
specified and rigid process models which interact with a fixed predefined set
of partner services. This rigidity impedes the provisiodesirable features like the
replacement of services based on their current state, laetise of those that better
fit a certain context, etc. A typical approach is to modify grecess models with
artificial branches which exist only to work around impleraion-level difficul-
ties. Unfortunately with this approach, the resulting ne@dee more complex, and
maintaining or extending them to adapt to changing conustioecomes a harder
task [36].

Our approach to this problem is based on the use of SemanhSékvices, that
is of semantic annotations of services that support thd@giun of automated ma-
chinery in order to reason about the functional and nonfanat characteristics of
services. In particular, we advocate that workflow definisieise service templates
as internal activities instead of concrete and prefixediseswhenever flexibility
in service selection is desired. At runtime, these sengagplates can be bound to
specific services selected on the basis of the existing tondiand informed by
contextual knowledge which may include monitoring dataruecation or other
aspects that may affect which service is the most apprepr&hce service tem-
plates are described semantically, both the required ifumait and nonfunctional
properties have clear semantics. This enhances the iatation of services by hu-
mans, and more importantly, it allows service selection datd mismatches to be
resolved at runtime, hence the term late-binding, as sugpbly Semantic Web Ser-
vices middleware such as the so-called Semantic Executigimndhments [16, 33].

Replacing services by service templates that define irdaaBy ‘families of ser-
vices’ brings a number of benefits from a process executicspeetive:

e Process models are relatively independent of the servgsss If a particular ser-
vice is not available the middleware can choose anothetibumally equivalent
service without needing to change the process model. Sigiend of particu-
lar relevance for the case study used within this chapteyldha service not be
suitable due to the location of service client (e.g., the iseurrently abroad),
the middleware can automatically redirect the client ratjte the right service
in a way that is completely transparent for the customer &atl tequires no
adaptation of the client terminal (i.e., the mobile phoneun case).

e Process models are independent of the services'’ intertehutzdel. The process
model has its own semantically annotated data model. Ifdéin@mpr’'s data model
differs from that, semantic models help to bridge the gap.

e Partner services can be selected based on business abjmedtsictional infor-
mation about cost, quality of service, trust and legal a@iirsts to name a few,
can be taken into account so that the selected service isdbesuitable from a
business perspective.
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Fig. 2 lllustration of changes brought by our approach.

The overall approach, depicted in Figure 2, therefore sadie the provisioning
of semantic annotations for services and the corresporsiorgge and querying
system, on the replacement of workflow activities by sertéraplates, and on the
adaptation of execution environments in order to take sertémplates into ac-
count and trigger the selection of appropriate servicesmatically. The research
presented herein builds upon our previous experience [3gjiogwsMogoals [17]
for defining service templates withBPEL processes based on tBeEL4SWSexten-
sions [32, 33]. The focus of this research, however, liesnimteempt to bring our
technologies closer to the Web by:

e embracing current trends on services on the Web such as RES&Ffices and
WebAPIs;

e building upon existing Web standards and technologiesttebsupport the up-
take of these technologies in a Web-scale; and

e reducing the complexity of the semantic descriptions ireotd support faster
and more scalable service matchmaking while reducing tleevladge acquisi-
tion bottleneck faced when using rich Semantic Web Sendessriptions such
aswsmo [10].

In this chapter we will therefore present the technologies methods used to
achieve the goals above, leaving aside aspects such asehwmais of Semantic Ex-
ecution Environments, or negotiation steps [9] for the s#ladarity and space. The
interested reader is referred to [16,17,32,33,36] fohtertetails. In the remainder
of this chapter we shall cover how we support the adaptivdib@of services at
runtime in a scalable manner by using service templateshwi@n be automatically
transformed into SPARQL queries that can interpreted b siithe art RDF stores
to select suitable services efficiently. We first cover intec4.1 the formalisms
used for describing services semantically uskmgs We then show in Section 4.2
and Section 4.3 how one can use state of the art technolagiesthe Semantic
Web to support the seamless publishing of services in a watyettables and sim-
plifies their discovery by interested parties in a scalabdaner. Finally, in Section
4.4 we introduce a model for describing service templatesvaa present a sim-
ple algorithm that can translate these isSBARQL queries to support the selection
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of services at runtime, based on functional and nonfunatiparameters such as
contextual information.

4.1 Lightweight Semantic Descriptionsfor Services on the Web

Currently, there are two main communities, which define ceting frameworks
for describing semantics for services. These effortang®o [17] andOwL-S [7],
and they follow a top-down approach for enhancing Web seriéchnology with
semantics. In particular, they assume that the servicers@maodel and the actual
service invocation and communication mechanisms are dkifingarallel or jointly
at design time. As a result, the description of a newly ergjie@ service already
comprises semantic information. Even thowgdMo andOWL-S have been used in
some application areas, this approach is not well suiteddementally enhanc-
ing existing systems based on the service-oriented aothits where thousands of
wsbDL-described services or Web APIs are already available om\ise or in in-
tranets. Therefore, it is problematical to use these sémfaameworks to extend
existing services.

To better address the problem of incremental or ad-hoc sgeremmotation of
services, we base our approachvesmo-Lite [49], a minimal extension t8AWSDL.
WSMO-Lite provides a means to create lightweight semantic sergiescriptions in
RDFS [6] by annotating variousvsDL elements in accordance wigAWSDL [14]
annotation mechanism. In parallel, we use MigsMO [28] to annotate services
that are not described insDL. MicrowSMOis a microformat-based language based
on the same kinds of annotationswisMO-Lite, adapted to support the annotation
of HTML-based descriptions of WetpIs. Finally, we provide the minimal service
model, a simpl&kDFSmodel that provides an overarching conceptual model able to
capture the semantics for both Web services and Xvey thus allowing both kinds
of services to be treated homogeneously when at selectien ti

411 WSMO-Lite

To date,SAWSDL is the only Semantic Web Services specification that vg3a&
Recommendation. It defines a set of extensionssoL, as well as rules for link-
ing WSDL elements to semantic information. In particulsawsDL supports three
kinds of annotations ovewsbL and XML Schema, namelynodelReferencdift-
ingSchemaMappingnd loweringSchemaMappingrhese three annotation types
enable links to be made from parts ofesDL document to associated semantic
elements, or to the specifications of data transformatiam & syntactic represen-
tation to its semantic counterpart and vice versa. In thig, wanables the incre-
mental addition of semantics on top of existiwngDL descriptions, providing a basis
for extending results from a well-established approachvél@r,SAwsDL only pro-
vides simple means for connecting service elements to d&rentities and does
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not define any concrete service semantics such as typesat®oonmodel for the
semantic descriptions.

WSMO-Lite builds uponSAWSDL, overcoming some 0oSAWSDL's limitations
while remaining lightweightwsmo-Lite makes explicit the intended meaning for
modelReferencannotations without modifyingAwsDL but rather informing users
on how they should structure the models their annotation® p@ For instance, if
the annotation is a functional categorisation, tire the modelReferencgoints to
should be that of a sub-class of an instancesif FunctionalClassificationRo¢gee
Listing 4)2. Similarly, should thenodelReferenceoint to the effect of a service,
theURI should be that of an instance wtl:Effect ThewsMo-Lite ontology can be
used to capture four aspects of service semantics:

e The Information Modeldefines the data model. In particular, it describes the
model for input and output messages and is represented by asiomain on-
tology, along with associated data lifting and loweringisformations.

e The Functional Semanticdefine what the service does by using functionality
classification or preconditions and effects. It describkatthe service can offer
to its clients when it is invoked by assigning it to a partautiass of service
functionality, defined in a classification ontology.

e TheBehavioral Semantiadefine the sequencing of operation invocations when
invoking the service. The behavior of a service can be desdrthrough a chore-
ography or a workflow definition. However, behavioral serare not repre-
sented explicitly invsSmo-Lite.

e TheNonfunctional Semantiatefine any service-specific implementation or op-
erational details such as service policies, implementatiftormation or running
environment requirements. Nonfunctional properties centude the price of a
service or the Quality of Service (QoS) aspects such as ipeaiace and relia-
bility. These are defined by using ontologies for nonfunigroperties, which
should in this case be groundedwsl:NonFunctionalParameter

4.1.2 MicroWSMO

In addition to the lightweight description @8fsbL-based services, our approach sup-
ports also the adaptive use of Weblis in business processes. MiereMo forms
the basis for our work on semantically describing Wets. MicrovSMO uses mi-
croformats for adding semantic information on top of erigtiTML Web API docu-
mentation, by relying onRESTS(HTML for RESTful services) [26] for marking ser-
vice properties and making the descriptions machine-psadde. RESTSprovides

a number ofHTML classes that enable the marking of service operationstsnpu
and outputsHTTP methods and labels, by insertiigML tags within theHTML.

It therefore enables, through simple injectionsHoiiL code into Web pages, the

3 Throughout the chapter we assume a set of namespaces areddol clarity and space reasons.
The namespaces used can be found in the Appendix.
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transformation of unstructuredT™ML-based descriptions of WekPIs into struc-
tured services descriptions similar to those providesMspL.

With the IRESTSstructure in placedTML service descriptions can be annotated
further by including pointers to the semantics of the sexyvaperations and data
manipulated. Similarly tavsMO-Lite, MicrowSMO adopts theSAWSDL annotation
mechanisms and uses three main types of link relations: Hemahich can be
used on any service property to point to appropriate semaaticepts identified by
URIs; 2) lifting and 3) lowering, which associate messages wajitpropriate trans-
formations (also identified byRis) between the underlying technical format such
asXML and a semantic knowledge representation format sucbasTherefore,
MicrowsMO, based on RESTS enables the semantic annotation of Wetis in
the same way in whiclBAWSDL, based orwsDL, supports the annotation of Web
services. MicravsSMO also adopts thevsMO-Lite ontology as the reference ontol-
ogy for annotating WelaPis semantically. By doing so, both'SDL services and
RESTful services, annotated witwsMo-Lite and MicrovSMO respectively, can be
treated homogeneously.

4.1.3 Minimal Service Model

The Minimal Service Model, depicted in Figure3, provides mimal and com-
mon conceptual model IRDFsfor capturing the semantics of services may they be
WSDL-based or Web APIs. It therefore provides the groundriating them ho-
mogeneously when carrying out tasks such as the discovesgreices. The Mini-
mal Service Model given in Listing 4 builds upon a number ofdules, including
SAWSDL's syntactic propertiesySMO-Lite as a minimal extension t®AWSDL, and
hRESTSs support for WebAPIis. The Minimal Service Model defines services as
having a number obperations each of which havenput andoutput messagesnd
faults Web APIs are supported through the addition of twRHSTSproperties, in-
cluding theaddressas auRI template, and theiTTP method Finally, the Minimal
Service Model is completed by tteawsDL elements for linking semantic infor-
mation through thenodelReferencand for providing lifting and lowering mecha-
nisms.

The Minimal Service Model captures the essence of servitasway that can
support service discovery, matchmaking and invocationit®ctly operating on the
model properties. However, despite its simplicity, it il sroadly compatible with
WSMO andOWL-S service models, as well as with services annotated acaptdin
WSMO-Lite and Micronsmo principles. Although providing a formal mapping for
each of these languages is out of the scope of this work, wethat the elements
captured in the minimal service model are common to existieglels, with the
exception of the RESTSextensions specific tRESTful services. Therefore, we base
our approach for adaptive device discovery, describeddridgiowing sections, on
this minimal service model.
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wi:FunctionalClassificationRoot
sawsdl:loweringSchemaMapping
~ \

sawsdl:modelReference sawsdl:modelReference

resthasAddress rest:hasMethod

Namespace Abbreviations
rest:URITemplate rest:Method
xsd: http://www.w3.0rg/2001/XMLSchema
owl: http://www.w3.0rg/2002/07 /owl# X
http:Method

sawsdl: http:/www.w3.org/ns/sawsdl#
Fig. 3 Service models used. See Appendix for the correspondingeN@isation.

wil:Condition

wl:NonFunctionalParameter

A
wl:Ontology

wl:usesOntology

rdf:seeAlso

sawsdlliftingSchemaMapping
Ea— AN

msm:hasOutputMessage

msm:hasOperation —»{

msm:haslnputFault

msm:hasOutputFault
rdfisDefinedBy

msm: http://cms-wg.sti2.org/ns/minimal-service-model#
rest: hitp://www.wsmo.org/ns/hrests#

hitp: hitp:/www.w3.0rg/2008/http-methods

wi: http://www.wsmo.org/ns/wsmo-lite#

4.2 Services and Annotations

In this section, we show the kindswiSMO-Lite descriptions that might be available
for the kinds of traffic report services we imagine in our gsse. In listings 1
and 2, we sea@l3 represenations of theDF resulting from processing MicveSMO
descriptions. The reader is referred to [28] for more dgtait how annotations
can be created and how RDF can be extracted from these annsta€ommon
input parameters are the latitude, longitude, and lango&te user, while common
output parameters include the number of traffic incidemtsidient names, times,
resulting delays, and textual descriptions.

Listing 1 Traffic information service in the UK

1

2 servicel rdf :type msm:Service ;

3 rdfs :isDefinedBy < http://myTrafficinformation .co.uk/descriptionxmlapi.asp# trafficinfo > ;

4 sawsdl:modelReference <http://www.service—finder.eu/ontologies/ServiceCategories#Travel> ,
5 < http://www.service—finder.eu/ontologies/ServiceOntology#AuthenticationModel > ,

6 < http://example.com/classification/onto# trafficinformation > ,

7 < http://example.com/mimetype/onto#xmlSupport> .

8 operationl rdf:type msm:Operation ;

9 rdfs:label "UK Traffic Information” ;

10 hr:hasMethod "GET” ;

11 hr:hasAddress "http://myTrafficinformation.co.uk/ xmigettrafficinfo .aspx” .

12 inputmsg rdf:type msm:Message ;

13 sawsdl:loweringSchemaMapping <http://example.com/UKTraffic—Info—lowering.xsparql> ;
14 sawsdl:modelReference <http://example.com/onto#User> ,

15 geo:long , geo:lat ,

16 < http://www.geonames.org/ontology#Map> ,

17 <http://example.com/geoontology/onto#Range> ,

18 <http :// example.com/imagesontology/onto#relatedimageWidth > ,

19 <http://example.com/textontology/onto#Language > .

20 operationl msm:hasinputMessage :inputmsg .
21 outputmsg rdf:type msm:Message ;
22 sawsdl:liftingSchemaMapping <http://example.com/UKtraffic—Info—lifting.xsparql> ;



16 Pedrinaci, Lambert, Maleshkova, Liu, Domingue, Krumeuer

23 sawsdl:modelReference <http://example.com/trafficontology/onto#Number> ,
24 < http://example.com/trafficontology/onto#IncidentName > ,

25 < http://example.com/trafficontology/onto#Created > ,

26 <http://example.com/trafficontology/onto#Delay > ,

27 <http://example.com/trafficontology/onto#Duration > ,

28 <http://example.com/trafficontology/onto#Description > ,

29 <http :// example.com/trafficontology/onto#Updated > ,

30 < http://example.com/trafficontology/onto#TrafficArea> .

31 operationl msm:hasOutputMessage :outputmsg .
32 servicel msm:hasOperation :operationl .

Listing 2 Service for Traffic Information in Austria

1

2 service2 rdf :type msm:Service ;

3 rdfs :isDefinedBy <http:// traffic .de/web—services.html#trafficinfo> ;

4 sawsdl:modelReference <http://www.service—finder.eu/ontologies/ServiceCategories#Travel> ,
5 <http://example.com/payment/onto#Free> ,

6 <http://example.com/classification/onto# trafficinformation > ,

7 < http://example.com/mimetype/onto#json> .

8 operationl rdf:type msm:Operation ;

9 rdfs : label "Staumeldungen fuer Oestereich” ;

10 hr:hasMethod "GET" ;

11 hr:hasAddress "http:/ traffic .de/trafficinfoJSON” .

12 inputmsg rdf:type msm:Message ;

13 sawsdl:loweringSchemaMapping <http://example.com/DETraffic—Info—lowering.xsparql> ;
14 sawsdl:modelReference geo:long , geo:lat ,

15 <http://example.com/onto#CurrentTime > ,

16 < http://example.com/textontology/onto#Language > .

17 operationl msm:hasinputMessage :inputmsg .
18 outputmsg rdf:type msm:Message ;

19 sawsdl:liftingSchemaMapping <http://example.com/DETraffic—Info—lowering.xspargl> ;
20 sawsdl:modelReference <http://example.com/trafficontology/onto#Number> ,

21 < http://example.com/trafficontology/onto#IncidentName > ,

22 < http://example.com/trafficontology/onto#Priority > ,

23 <http://example.com/trafficontology/onto#Created > ,

24 <http://example.com/trafficontology/onto#Delay> ,

25 <http://example.com/trafficontology/onto#Description> ,

26 < http://example.com/trafficontology/onto#Diversion> .

27 operationl msm:hasOutputMessage :outputmsg .
28 service2 msm:hasOperation :operationl .

4.3 Services Publication

The object of syntactic and semantic descriptions of Webices is to provide in-
formation about services in a way that can automaticallyrbegssed by machines.
However, at present, these descriptions can only be rettidwough the Web of
documents, which is essentially designed for human beorgbrough specific in-
terfaces to silos of services suchwizDI [8] that have failed to see significant up-
take. This is particularly true for syntactic descripti@iservices (although there is
anRDF mapping fowsbL), but also for semantic descriptions, which have remained
somewhat disconnected from current practices in the Welatd [3].

A fundamental step for bringing services closer to the Webs better enabling
their discovery and supporting their use, is publishingrti®sed on current best
practices on the Web. A key component within our approachesefore a service



Adaptive Service Binding with Lightweight Semantic Web 8ees 17

publishing platform that plays a role similar toDI registries but which is based
on a set of fundamentally different principles and techgs. In particular, we

advocate the publishing of service annotations as Linketh.DEhe term Linked

Data refers to a set of best practices for publishing strectdata on the Web which
is based on four main principles [5]:

1. UseuURlis for naming things;

2. UseHTTP URIs so that also people can look up those names using Web bsywser

3. Provide information using the standar&®¥f, SPARQL); and

4. Include links to othelRIs, so that people and machines can discover more
things.

Linked Data principles have already been adopted by a ggpnimber of data
providers, leading to an exponential growth of a Web of Datat&ining billions
of assertions across diverse domain such as governmemdalrdasic, and ency-
clopaedia knowledge. Adopting these very simple pringjgads to the creation of
a global data space that can be queried, browsed and comirinide fly both by
machines and humans thanks to the use of standardstike RDFS andSPARQL

Our notion of a service repository is built around the notdrservice registry
always present in Service-Oriented Architectures, as albn the Linked Data
principles highlighted above. In particular, we view theviee repository as a plat-
form that facilitates the publication of semantic annatasi of services on the Web
as linked data, allowing humans and machines to publishydg@nd discover pub-
licly available services, using the models described eads thdingua franca It
is worth noting in this respect that we here distinguish leetwthe actual syntactic
service descriptions iwsSDL, WADL or HTML, from the semantic annotations ex-
pressed according to the formalisms described previoligtytherefore possible to
provide a common view over services of differents kinds imgpée an convenient
manner that can serve as a basis for discoverying, querpithgsing services.

iServé is our implementation of a service repository [37]. iServevides both
an interactive user interface as well ares1ful API and aSPARQL endpoint that
expose services as linked data. It uses as its core contepbaizl the Minimal
Service Model described previously and it currently inesich number of import
mechanisms able to deal witkisDL files includingSAWSDL annotations, with de-
scriptions adopting thevsmo-Lite specific extensions, and also with MigveMO
annotations of Web APIs. This import mechanism, illusdaite Figure 4, trans-
forms the service descriptions into the appropriate terittimthe Minimal Service
Model and automatically generatedfs:definedByrdfs:seeAlspand owl:sameAs
relations allowing humans and machines to discover additionformation. The
first relationship is established between the service atiootand the actual docu-
ment describing the service (e.g.WesDL file). It therefore allows systems to find
the actual interface description definition needed for aatmn after it has been
determined that the service is the appropriate one to userdfsrseeAlsaelation-
ship points to documentation and additional informatioowdtihe service in case

4 See http:/liserve.kmi.open.ac.uk
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developers need it. Finallpwl:sameAsallows us to assert that one particular ser-
vice annotation is actually the same as another one publisiiea third party in
some other repository. In this respect it is worth noting gihough currently there
are no other repositories publishing services in a similay,\wwl:sameAs relations
are automatically generated linking to tRBF mapping ofwsbDL [25] so that any
application already using this approach internally caratly interact with iServe.

Documentation Services Definition

SAWSDL
WSMO-Lite
MicroWSMO

http://server1.com/help.html

T http://server1.com/s1.wsdl
or
http://server1.com/s1.html

/

rdfs:isDefinedBy

Web
iServe / \. other.net

rdfs:seeAlso

exposed as exposed as
v 7
http://iServe/services#s1 http://other.net/services#s5

e o

owl:sameAs

Fig. 4 iServe publishing process.

Currently the data in iServe comes mostly from ##avspL Test Collectiof,
OWL-S Test Collectiofi and the use cases of the projectsoadAll. The currentim-
plementation already highlights how Web services and WAfab can be described
by means of an homogeneous (but extensible) conceptuallmtueMinimal Ser-
vice Model—and how they can be published as linked datagtbes better promot-
ing their discovery based on the use of well established dogtad principles from
the Web of Data. Additionally and by virtue of using existiightweight semantic
technologies such &DFSandSPARQL, the service repository benefits from a grow-

5 See http://iwww.semwebcentral.org/projects/sawsdl-tc/
6 See http://projects.semwebcentral.org/projects/owfls-
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ing body of performant and mature tools able to cater for ¢éygliired scalability for
dealing with large numbers of services on the Web.

4.4 Template-based Service Selection

The objective of creating service descriptions is so thatee later find the ser-
vices, and reason about them. In this section, we are coadevith the problem of
connecting a client requiring a service with a service pitewi This task is known
as matchmaking (in multi-agent systems) or service sele¢t more recent term,
common in Web services). The basic approach is for the cl@oteate a formal
description of their requirement, and for the matchmakerdimpare this against
the stored service descriptions to find the most appropmiatehes [24].

Since our approach is centred on achieving scalability @se ef use by build-
ing on Linked Data standards, we introduce simple notiosgnfice requests, using
RDF and SPARQL. In our approach, a service request comprises a set of ianalts
outputs, as well as the functional classification of a sefvid/e defineRDF service
templatesvhich capture service requests in a similar way to the seidéscriptions,
and transform those templatesIpARQL queries, trading expressivity for scalabil-
ity. Such templates can be used operationally in workflowting as place-holders
for late binding services; in workflow composers, enablingpanated suggestion
of next steps in a pipeline based on type, and enabling pasi#ication of cor-
rectness; in discovery engines, to find suitable servicesamking and selection
engines, to order them by suitability; and in execution eagj to supply values to
service invocations.

Despite our caveat that a template is strictly less appatpthan a goal with
pre- and post-conditions, the use of input and output typastually well suited to
searching for stateless services (alternatively, infaiongrocessing services which
are defined reasonably well in terms of a mapping from inpwdutput), since in
those cases any preconditions and effects would be only leéirement of the
typing of those inputs and outputs. Our chosen scenariodiffina traffic reporting
service is one such case.

In designing these templates, we intended that they stfaig¥ardly map into
SPARQL queries over a repository of service descriptions usitsg0-Lite and the
Minimal Service Model. Our templates take the followingrfor

ServiceTemplate a rdfs:Class.

hasFunctionalClassification a rdf:Property;
hasinput a rdf:Property;
hasOutput a rdf:Property;

hasPreference a rdf:Property;
hasRequirement a rdf:Property;

7 A similar functionality is present in OWL-S [29] through tlserviceCategorproperty, but we
are not aware of any matchmaker that uses it.
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The hasFunctionalClassification property shadows the use of a service’s
model reference to an object that is a subclagsadtionalClassificationRoot .
These functional classifications might be written to thnsPsccode. For traffic in-
formation reporting, no sudbNsPsccode currently exists, so services mightinstead
use the appropriate DBPedia (structured information eteérhout of wikipedia) [3]
page to create a functional classification:

<http://dbpedia.org/resource/Category: Transportatio n_by_mode>
rdf:type wsl:FunctionalClassificationRoot .

The Requiremenand Preferenceroperties are specified such that:

Requirement Service— Bool
Preference Service— Value

The intent with these is to allow the user to specify furtt@rstraints in a language
of their choice, includingsPARQL[38] andwsML [11]. We do not use these con-
straints in this chapter, but they are analagous to the @nelitons and effects of
services. In section 4.4.3 we will illustrate how they cambed by service providers
to specify the geographical limits to the usefulness ofrtbeivices.

Following our use-case, the service offered is based on guerservice tem-
plate that captures a family of services that can provid@dneports. At runtime,
the service template needs only be instantiated with ceadiaa corresponding to
the users location and the language required in order toigeall the necessary
information for querying the service repository:

viennaTrafficRequest rdf:itype st:ServiceTemplate ;
st:hasFunctionalClassfication

<http://dbpedia.org/page/Category:Road_traffic_mana gement> ;
st:hasinput [ rdfitype geo:lat; rdfivalue "48.033""xsd: long ] ;
st:hasinput [ rdfitype geo:long ; rdfivalue "16.366""xsd dlong 1 ;
st:hasinput [ rdfitype lang:Language ; rdfivalue lang:Eng lish ] .

The reader should note th&oad Traffic Managemernis a sub category of
Transportation by Modén the categorisation chosen and that Vienna is located at
48°1231.5'N,16°2221.3"E.

4.4.1 Automatic Transformation of Service Templatesto SPARQL

Services can be found by creating@ARQLquery, and in particular, queries can be
derived from a service template. Since there is no explieitiiation in the model,
finding exact matches for input and output types is import&tcan connect these
inputs to the model references from thewvsSDL and MicrovsSMO.

Given our template, we want to transform it tcsSBARQL query. The simplest
such query (because it is the most specific) is this:

SELECT ?service ?operation

WHERE {
?service rdf:itype msm:Service ;
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msm:hasOperation ?operation ;
sawsdl:modelReference
<http://dbpedia.org/page/Category:Road_traffic_mana gement> .
?operation msm:haslnputMessage ?input ;
msm:hasOutputMessage ?output .
?input sawsdl:modelReference geo:lat ;
sawsdl:modelReference geo:long ;
sawsdl:modelReference lang:Language .

This provides for services which match exactly the fundiarassification, and
the input types. Had our original service template conthiragOutput  constraints,
those would have appeared in a similar way to the input typks.algorithm for
constructing such queries is shown in figure 4.4.1.

EXACT-MATCH-SELECT(templaterepository)

query<« "SELECT ?service ?operation WHERE {"
query<— query+ "?service rdf:type msm:Service ;"
query<— query+ "?service msm:hasOperation ?operation ;"
query<— query+ "sawsdl:modelReference" + templatehasFunctionalClassfication
guery<— query+ "?operation msm:haslnputMessage ?input"
query« query+ "?operation msm:hasOutputMessage ?output”
for input € templatehasinput

do query« query+ "?input sawsdl:modelReference" + input
for outpute templatehasOutput

do query<« query+ "?output sawsdl:modelReference" + output
return EXECTUTE-SPARQL(queryrepository)

=
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Fig. 5 Algorithm for converting service templates to SPARQELECTqueries

We can also write various forms of this to account forékact plugin, subsumes
andfail match degrees common in the literature. This is done by th@iad of
subclass relations in thePARQL queries. For instance, the following would find
services which offered plugin alternative to our request:

SELECT ?service ?operation
WHERE {

?service rdf:itype msm:Service ;
msm:hasOperation ?operation ;
sawsdl:modelReference ?fcr .

?fer rdfs:subClassOf
<http://dbpedia.org/page/Category:Road_traffic_mana gement> .

?operation msm:haslnputMessage ?input ;
msm:hasOutputMessage ?output .

?input sawsdl:modelReference ?il ;
sawsdl:modelReference ?i2 ;
sawsdl:modelReference ?i3 .

?il rdfs:subClassOf geo:long ;

?i2 rdfs:subClassOf geo:lat ;

?i3 rdfs:subClassOf lang:Language ;
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4.4.2 Match Reports

We now have a means for creating queries to discover seviaematch. To return
the results, the natural solution is to use anott®¥ vocabulary which enables the
labelling of each matching service with the match degrebefriputs, outputs, and
functional classification.

st:MatchmakingResults a rdfs:Class .

st:hasServiceTemplate a rdf:Property ;
rdfs:domain st:MatchmakingResults ;
rdfs:irange st:ServiceTemplate .

st:hasMatch a rdf:Property ;
rdfs:domain st:MatchmakingResults ;
rdfs:irange st:Match .

st:Match a rdfs:Class .

st:MatchDegree a rdfs:Class .
st:ExactMatch a st:MatchDegree .
st:PluginMatch a st:MatchDegree .
st:SubsumesMatch a st:MatchDegree .

st:hasMatchDegree a rdf:Property ;
rdfs:domain st:Match ;
rdfs:range st:MatchDegree .

st:hasMatchingElement a rdf:Property ;
rdfs:domain st:Match .

ThematchDegree property can be attached to each appropristie|Reference
in the service description. Computing the match degreeiregjaccess to the class
hierarchy for all the referenced types, and so can onlyligake done at the service
repository.

4.4.3 Checking Preconditions

The service requestor now has a set of services and opey #tiarhave matched to
some degree the input and output types, and the functiomsdification. The client
is now in a position to check that the preconditions of thevises hold. Service
preconditions are written &PARQLASK queries against the requestor’s knowledge
base. Essentially the same approach was applieddaos services [40].

For the purpose of evaluating the preconditions, the reqte&nowledge base
will have in it only the active service template. This can Hentified with the
?template rdf:type st:ServiceTemplate pattern. The rest of the precondition
for the Austrian travel service is thus:

ASK WHERE {

?template rdf:type st:ServiceTemplate ;
st:hasinputMessage ?lattitute ;
st:hasInputMessage ?longitude ;
st:hasInputMessage ?language ;

?latitude rdf:type geo:lat .
?longitude rdf:type geo:long .
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FILTER (?latitude < 48.5 && ?latitude > 46.5 ) .
FILTER (?longitude < 16.6 && ?longitude > 9.6 ) .

The twoFILTER expressions place a bounding rectangle around Austriagrgeh-
ical extremities. Only a request for a traffic within that should be matched.

5 Conclusions and Future Work

Service-Oriented Computing prescribes the developmesystems on the basis
of reusable distributed components offered as servicedanguage and platform

independent manner. Key to the development of these kindgstéms is the dis-

covery and selection of services, and there has thereferme devealth of research

focusing on these matters. Semantic Web Services resedrobhates using seman-
tic annotations of services in order to support advancedodery and selection

techniques based on formal descriptions of both functianal nonfunctional as-

pects of services. On the basis of these techniques, ppetyave been developed
that showcase their potential. However, Semantic Web &eswtechnologies have
been up to date based essentially on complex, high-lewatsenntologies and on

highly expressive logics. As a consequence Semantic Welic8srtechnologies

have faced an important knowledge acquisition bottleneck\&eb-scale solutions

have yet to be provided.

SOA4AIl aims to pave the way for a Web of billions of services, maming
the drawbacks of current Semantic Web Services technadgi@sing lightweight
semantic annotations, existing Web standards and hangea&b 2.0 principles. In
this chapter we have focussed on the annotation of servitiegRDFSand a simple
conceptual model. We have proposed the publication ofeesdbllowing a number
of principles from the Semantic Web which enable easieradisry, selection and
use of service annotations, and do so in a scalable manndraVéealso presented
the notion of service templates as declarative specificatis families of services
based on restrictions over their functional or nonfunclosspects and we have
proposed their use within workflows to support the late bigdif services. Finally,
we have illustrated how these service templates can auimatatbe transformed
into SPARQLqueries that can be sent directly to service repositoriesmftomatically
selecting suitable services.

The work presented in this chapter are a snapshot of ongesearch that are
being evaluated within three use-cases, but the resultsnaut thus far show al-
ready that a considerable amount of limitations currenthilgited by Web services
and Semantic Web Services technologies can be mitigated¢aa@n extent. Fur-
ther progress with respect to the generation of service tatinos is expected to
be achieved through the development of a fully-fledged Weget interface for the
annotation, composition and invocation of services knognthaSOA4AIll Studio.
Additionally, in the future we aim to use the benchmarkingtfrm and test cases
under development within theu projectSEALS, to carry out a comparative analysis
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with current service selection solutions to better accdointhe tradeoff between
expressivity and scalability in the context of concrete dom and test-cases.

Acknowledgements This research was funded by the SOA4All project, under EesopUnion
grant FP7-2152109.

6 Appendix

Listing 3 Namespaces used throughout the chapter.

# Standard semantic web namespaces

@prefix xsd: <http:/mww.w3.0rg/2001/XMLSchema> .

@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax -ns#> .
@prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#> .
@prefix owl: <http://www.w3.0rg/2002/07/owl#> .

@prefix sawsdl: <http://www.w3.org/ns/sawsdi#> .

# Minimal Service Model, WSMO-Lite, hRESTS namespaces

@prefix wsl: <http://www.wsmo.org/ns/wsmo-lite#> .

@prefix hr: <http://www.wsmo.org/ns/hrests#> .

@prefix msm: <http://cms-wg.sti2.org/ns/minimal-servi ce-model#> .

# Service Templates
@prefix st:  <http://lcms-wg.sti2.org/ns/service-templa te#t> .

# Scenario specific
@prefix lang: <http://http://www.lingvoj.org/lingvoj# > .
@prefix geo: <http://www.w3.0rg/2003/01/geo/wgs84_pos #> .

Listing 4 Service models used in RDF(S) including Minimal Service ElodNVSMO-Lite,
hRESTS, and SAWSDL

1 msm:Service a rdfs:Class .
2 msm:hasOperation a rdf:Property ;

3 rdfs:domain msm:Service ;

4 rdfs:range msm:Operation .

5 msm:Operation a rdfs:Class .

6 msm:hasinputMessage a rdf:Property ;

7 rdfs:domain msm:Operation ;

8 rdfs:range msm:Message .

9 msm:hasOutputMessage a rdf:Property ;

10 rdfs:domain msm:Operation ;

11 rdfsirange msm:Message .

12 msm:hasinputFault a rdf:Property ;

13 rdfs:domain msm:Operation ;

14 rdfs:range msm:Message .

15 msm:hasOutputFault a rdf:Property ;

16 rdfs:domain msm:Operation ;

17 rdfsirange msm:Message .

18 msm:Message a rdfs:Class .

19 msm:usesOntology a rdfs:Property ;

20 rdfs:domain msm:Service ;

21 rdfs:subPropertyOf rdfs:seeAlso .

22 msm:hasFunctionalClassification a rdfs:Property ;
23 rdfs:subPropertyOf sawsdl:modelReference .
24 msm:hasNonfunctionalProperty a rdfs:Property ;
25  rdfs:subPropertyOf sawsdl:modelReference .
26 msm:hasCondition a rdfs:Property ;
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27
28
29
30
31
32
33
34
35
36
37
38
39
40
i
42
43
44
45
46
47
48
49
50
51
52
53
54

rdfs:subPropertyOf sawsdl:modelReference .
msm:hasEffect a rdfs:Property ;
rdfs:subPropertyOf sawsdl:modelReference .

# WSMO-Lite

wsl:Ontology rdfs:subClassOf owl:Ontology.
wsl:FunctionalClassificationRoot rdfs:subClassOf rdfs :Class.
wsl:NonFunctionalParameter a rdfs:Class.

wsl:Condition a rdfs:Class.

wsl:Effect a rdfs:Class.

# hRESTS properties added to the above model
hr:Method a rdfs:Class .

hr:hasAddress a rdf:Property ;

rdfs:domain msm:Operation ;

rdfs:range hr:URITemplate .

hr:hasMethod a rdf:Property ;

rdfs:domain msm:Operation ;

rdfs:range hr:Method .

# a datatype for URI templates

hr:URITemplate a rdfs:Datatype .

# HTTP Methods possible methods for RESTful services
http:Method rdfs:subClassOf hr:Method .

# SAWSDL properties

sawsdl:modelReference a rdf:Property .
sawsdl:liftingSchemaMapping a rdf:Property .
sawsdl:loweringSchemaMapping a rdf:Property .
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