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Abstract

This paper presents PORSCE II, an integrated system thairper automatic semantic web service

composition exploiting Al technigues, specifically plamgi Essential steps in achieving web service
composition include the translation of the web service cositipn problem into a solver-ready planning

domain and problem, followed by the acquisition of solusiceind the translation of the solutions back to
web service terms. The solutions to the problem, that isjéseriptions of the desired composite service,
are obtained by means of external domain-independentiplgsgstems, they are visualized and finally
evaluated. Throughout the entire process, the system iexglemantic information extracted from the

semantic descriptions of the available web services anddiresponding ontologies, in order to perform
composition under semantic awareness and relaxation.

1 Introduction

The World Wide Web has evolved from a collection of documémtis a more integrated environment,
where not only information but also system functionalitgigposed and the provision of services plays
an important role. The web service technology is a fundaai@atrt of the web, as it provides a standard
way to interact with information systems, independent figatform and internal implementation, thus
accommodating interoperability between heterogenecstesys. However, in many cases, the need for
integrated functionality cannot be fulfilled by a simplerato web service, leading to the requirement for
web service composition; that is, the appropriate comtmnaif atomic web services in order to achieve
a complex goal. The task of web service composition becorigesisantly difficult, time-consuming and
inefficient as the number of available atomic services iases continuously; therefore, the possibility to
automate the web service composition process is provedtégse

Automated web service composition is significantly faatktd by the development of the Semantic
Web, which permits the representation of knowledge ab@ustihual meaning of information and services.
The existence of such semantic information enables coriposising intelligent techniques, such as
Al Planning. Without the presence of semantic informatiarhigh degree of human expertise would
be required in order to compose web services meaningfulliyraot based on circumstantial syntactic
similarities. The incorporation of semantics in the dgsiwn of web services is accommodated through
the development of a number of standard languages such as®WWWL-S) and SAWSDL (SAWSDL).
Nevertheless, there are no tools utilizing semantic infdfom incorporated in OWL-S to efficiently
compose web services either accurately or approximagdding into account the actual meaning of web
service inputs/outputs as well as the corresponding ogiego

The PORSCE Il framework aims at automated semantic web cgesemposition by employing
planning under semantic awareness and relaxation. Itsilbotibn focuses on the effective utilization
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of semantic information present in OWL-S description of wsyvices to enhance the web service
composition process by facilitating approximate compaosg, via planning.

The first and decisive step in the process concerns the atarslof the web service composition
problem to Al planning terms (Hatzi et al., 2009). This tdatisn is based on the observation that
certain correspondences exist between the two domainshywiiven the appropriate mapping, enable
the application of planning techniques to solve the webisersomposition problem effectively. Such
correspondences include the available web services thmatbeacombined to formulate meaningful
compositions, which can be mapped to the planning domaith,user requirements about the desired
composite service, which can be perceived as a plannindegro@iver this domain.

The translation takes place between the most prominerdatds in each area: OWL-S for semantic
description of web services (either atomic or composite) 8DDL (Planning Domain Definition
Language) (Ghallab et al., 1998) for definition of plannirgrdin and problem. According to user
preferences, the translation process may take into aceeamntics, resulting from the semantic analysis
of the domain and the corresponding ontologies; if so, s¢igaly equivalent or relevant concepts are
also included, in order to cope with cases when no exact gambe found and approximations must take
place. The result of this phase of the transformation pisea fully formulated, solver-ready planning
problem which incorporates all the required semantic miation. PORSCE Il consequently exports the
planning problem to PDDL and invokes external planning esyst to acquire plans, which constitute
descriptions of the desired composite service. Each comemesvice is evaluated in terms of statistic and
accuracy measures, while a visual component is also irtEjrahich accommodates composite service
visualization and manipulation. Modification in the comp®service is performed by atomic service
replacement, either with an alternative equivalent atoseiwice, or through finding a sub-plan that can
substitute it. If necessary, the composite service cantasuodified through replanning. Finally, in order
to provide full-cycle support, and render the result of tamposition process independent from planning,
the composite service is translated back to OWL-S, prasgitie user with a description in the same
standard as the initial atomic services and facilitatingiposite service deployment.

The rest of the paper is organized as follows: Section 2 digesirelated work in the area of web service
composition through planning, while Section 3 provideskdgaound related to the OWL-S standard, Al
planning and the PDDL standard. Section 4 outlines systehitacture, Section 5 elaborates on the main
knowledge engineering aspect that this paper focuses anistithe transformation process, and Section
6 presents the rest of the system operations. Section 7nsesease study and performance evaluation
results and finally, Section 8 concludes and poses futueetitins.

2 Related Work

A number of approaches for automatic web service compositan be found at (Rao and Su, 2004)
and (Dustdar and Schreiner, 2005); the most closely relsitbcthe approach proposed in this paper are
discussed and summarized in Table 1.

SHOP-2 (Sirin et al., 2004) uses services descriptions iMDAS, the predecessor of OWL-S, and
performs Hierarchical Task Network (HTN) planning to sallre problem. The main disadvantage of this
approach lies in the fact that the planning process, dus taétrarchical nature, requires the specification
of certain decomposition rules, which have to be encodedvarce by an expert in the specific domain,
with the help of a DAML-S process ontology.

OWLS-XPlan (Klusch and Gerber, 2005) uses the semanticigésos of atomic web services in
OWL-S to derive planning domains and problems, and invokgdaaning module called XPlan to
generate the composite services. The system is PDDL comypdia the authors have developed an XML
dialect of PDDL called PDDXML. Although the system imporensantic descriptions, the semantic
information provided from domain ontologies is not utilizand semantic awareness is not achieved,;
therefore the planning module requires exact matchingerice inputs and outputs.

The SWORD framework (Ponnekanti and Fox, 2002) is a set d$ that addresses a particular subset
of the automatic web service composition problem. SWORIbf#ed an approach close to the one of
PORSCE Il for modelling web service composition. Howevésnac services are represented as rules,
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stating that given specific inputs, an atomic service predwspecific outputs. SWORD then uses a rule-
based expert system to generate the composition planr thdreclassical planning.

The work described in (Mcilraith and Son, 2002) conceiveb wervice composition as a planning
and execution task, where actions (services) may be complexGOLOG language is then employed,
adapted and extended to address the issue of compositiprodghes that use knowledge-based planning
include the work in (Pistore et al., 2005). Web service dpdons are expressed in a standard process
modeling and execution language, such as BPEL4WS, therstone prior, domain-specific knowledge
of the composition issues is required, while another apgreaploying estimated-regression planning is
presented in (Mcdermott, 2002); however, in order to be Useelquires extension to current standards.

System / Atomic Composite Service | Advantages Disadvantages

Approach | Services | (Inputs/Outputs)

SHOP-2 Primitive | Task Networks,| Heuristics for| Prior expert domain knowl-
Tasks Compound Tasks | increased performance edge required

OWLS- Primitive | Initial State / Goal| Combination of plan-| Ontology information not uti-

XPlan Tasks State ning techniques lized. Domain-specific knowl-

edge required

SWORD Entity- Initial State / Goal| Utilizes research in Requires user interventior.
Relation | State the area of rule-based Not straightforward
Model, expert systems representation. Requires
Hornr. domain-specific knowledge

GOLOG Situation | High-level generic| Utilizes research inthe Complex encoding and trang
Calculus | procedures and area of situation calcu; lation. Decreased scalability

constraints lus and interoperability
Estimated- | State Initial State / Goal| Heuristics for acceler{ Requires extension to the stah-
Regression| Trans. State ation of the process dards and planners. Decreasgd
Planning Ops scalability
Knowledget BPEL Compound process Well founded | Semantic information ang
based Pro- - goal formalization.  Non-| ontologies not  utilized.
cesses determinism. Decreased scalability

Tablel Overview and comparison of planning approaches to weba@oamposition.

The main advantages of the proposed framework with respabetaforementioned systems include
the extended utilization of semantic information, in ortleperform planning under semantic awareness
and relaxation, and find better and, when necessary, appateisolutions. Furthermore, PORSCE ||
requires neither prior domain-specific knowledge, nor aimg lof extension to the standards, in order
to form valid, desired composite services; the OWL-S desions of the atomic web services and the
corresponding ontologies suffice. Finally, PORSCE Il iedblscale up for a great number of services,
having the flexibility to exploit modern, advanced planpard it also handles cases of service failure or
unavailability dynamically, an important feature not caaekby the aforementioned frameworks.

3 Background

This section presents the fundamental standards for tipopeal approach, namely OWL-S and PDDL.
Additionally, it introduces some basic planning notatibattwill be used throughout the paper.

3.1 OWL-S

OWL-S is an upper ontology based on OWL (OWL), created in thetext of the Semantic Web in
order to describe knowledge concerning semantic web svitis used in combination with ontologies
organizing the concepts appearing in the OWL-S descriptibhe use of OWL-S renders the semantics
of the descriptions machine comprehensible; thereforeabkes intelligent agents to discover, invoke and
compose web services automatically. A web service degmmnipt OWL-S is comprised of (OWL-S):

e Service Profiledescribes what the service accomplishes, limitations ovicgeapplicability and

quality, and requirements that the service requester natisfysto use the service.
e Process Modeldescribes the way a client can communicate and use the servic
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e Service Groundingspecifies concrete details of how an agent can access aesesvich as
communication protocols and message formats.

The proposed approach utilizes semantic information doedbin theService Profilealong with the
corresponding ontologies, in order to translate the desaori in planning terms.

An ontology in this context refers to a formal representatid the concepts appearing as inputs
and outputs in the web service profiles. The concepts in thelagy are connected with hierarchical
relationships, such as superclass, subclass and sibling.

Apart from atomic web services, which involve atomic prasss OWL-S establishes a framework
for defining composite processes as well. A composite processists of a set of atomic processes,
combined together using a number of control constructdy siscSequence, Split, Split+Join, Choice,
Any-Order, Condition, If-Then-Else, Iterate, Repeat-#¥hand Repeat-Until. The main reasons for using
these constructs while defining a composite web servicaate enable the definition of compact services
(e.g.through the use of Iterate, Repeat-While and Repatityb) to facilitate the definition of alternative
paths (i. e. through the use of Conditions and If-Then-Egestructs) and c) to speed up the invocation of
the composite web service, by allowing multiple atomic psses to be invoked concurrently (i.e. through
the use of Split and Split+Join constructs).

3.2 Planning & PDDL

A planning domain and problem is usually modeled accordin§TRIPS (Stanford Research Institute
Planning System) notation (Fikes and Nilsson, 1971) asle tag, A, G >, wherel is the initial state,
Ais a set of available actions axilis a set of goals. States in STRIPS are represented as sétsrof a
facts. SetA contains all the actions that can be used to modify statezh BetionA; has three lists of
facts containing the preconditions df, the facts that are added, and the facts that are deletedtfrem
world state after the application of the action, noteghas:(4;), add(A;) anddel(A;) respectively.

The following formulae hold for the states in the STRIPS tiota

e An action A; is applicable to a stat8 if prec(4;) C S.

e If A; is applied taS, the successor staf¢ is calculated as’ = .S — del(A;) U add(4;)

e The solution to a planning problem (pld?) is a sequence of actiof3= A, As, ..., A,, which,

if applied to/, lead to a staté’ such thatS’ O G.

Planning Domain Definition Language (PDDL) (Ghallab et 4998) was initially designed for
providing a standard means of encoding planning domainscangsponding problems used as input
test sets for planners that took part in planning compettsuch as IPC (IPC2004). However, it has since
been enhanced, extended and become a standard for modaliming domains and problems.

PDDL provides structures to represent all the aforemeatid®TRIPS elements, such as predicates
(atomic facts), actions and problems. Newer versions ofghguage (Gerevini and Long, 2005) added
more features in order to enable the representation of mamglex domains. These features include
constants, variables, functions, and numeric expressRIDBL also provides separate structures that can
be used to represent problems, which are associated witifisgganning domains. The latest extensions
to the PDDL standard take into account the temporal praggedf domains, as well as quality metrics,
features which might prove very useful in the web service position case, while PDDL+ (Fox and
Long, 2002), also provides a standard way to represent pither sequential or partially parallel.

4  Overview and Architecture

PORSCE Il was based on the results obtained from the praatystem PORSCE (Hatzi et al., 2008).
PORSCE Il aims at a high degree of integration as, along vghcore transformation component, it

additionally contains a visual interface, more elaborakevance metrics, the ability for composite service
accuracy assessment, and composite web service manipuieditures. Furthermore, PORSCE Il adopts
a way of modeling the web service composition as a plannioglpm which reduces the complexity of

the generated planning problem, thus accelerating thenplgmrocess. In order to highlight the planner
independency of PORSCE Il, which enables the use of any domdépendent planning system based
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on PDDL, two external planners have been included. FinBIBRSCE |l supports seamless composition,
by initiating the process with the OWL-S descriptions ofrato web services, and concluding with the
OWL-S description of the produced composite service, thadifating deployment.

The key features of the framework are:

e Translation of OWL-S web service descriptions (atomic anposite) into planning operators.

e Interaction with the user in order to acquire their prefeemregarding the desired composite
service and desired metrics for semantic relaxation.
Enhancing the planning domain and problem with semanyisathilar concepts.
Exporting the web service composition problem as a PDDLiglesndomain and problem.
Acquisition of solutions by invoking external planners.
Flexibility in the choice of planner, as any PDDL-compligxternal planning system can be used.
Assessing the accuracy of the composite services.
Visualizing and modifying the solution by atomic servicelezement or replanning.
Transformation of the solution (composite web servicekda®®WL-S.

PORSCE Il comprises of the OWL-S Parser, the Transformaiomponent, the OWL Ontology
Manager, the Visualizer and the Service Replacement CoemioAn overview of the architecture and
the interactions among the components is depicted in Fig. 1.

(&
W OWL-s
_ composite
Descriptions ‘web service
a @
PORSCE Il ]
i !

External

OWL-S « ! Planning
profiles OWL-S Parser { Transformation Component Systems

@

Domain
Ontologies
]

DL Reasoner
(Pellet)

LPG+d
i

{ Service Replacement Component }

OWL Ontology Manager

X

Plan

Figurel PORSCE Il architecture.

The OWL-S Parser is responsible for parsing a set of OWL-S segbice profiles and determining
the corresponding ontologies that the concepts appearititgiweb service descriptions belong to. The
OWL Ontology Manager (OOM), utilizing the inferencing céjlaies of the Pellet DL Reasoner (Sirin
et al., 2007), applies the selected algorithm for discaoneconcepts that are similar to a query concept.
The Transformation Component is responsible for a numbepefations that result in the formulation
of the planning problem from the initial web service comgiosi problem, its consequent solving, and
the transformation of the produced composite service bad®WL-S. The purpose of the Visualizer
is to provide the user with a visual representation of then plehich in fact is the description of the
composite service. Finally, the Service Replacement Carapbenables the user to employ a number
of alternative techniques in order to replace a specific etomeb service in the composite service
sequence. PORSCE Il is implemented in Java and it is availaline, along with example problems,
at http://www.dit.hua.gf/raniah/porscelen.html.

5 Transformation Process

The transformation process includes translation of the sebice composition problem into a planning

problem and possible enhancement with semantic informatie well as transformation of the plan

representing the produced composite service back in welrearontext. The process starts at the OWL-S
Parser, which parses the OWL-S profiles of the available @t@rab services and forwards them to the
Transformation Component. The Transformation Comporsergsponsible for a number of operations,
including translating the web service descriptions remgfrom the OWL-S Parser to planning operators
and enhancing them with similar concepts derived from thé/ORloreover, it interacts with the user in
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order to formulate the planning problem, and exports boghpllanning domain and problem to PDDL.
Finally, it translates the PDDL+ plan back to OWL-S, comiplgthe composition process.

5.1 OWL-S to PDDL Translation

The first step in the translation process generates theipigdomain by translating each available OWL-
S web service profilé/ S D; into a planning actiom; (Fig. 2). More specifically:

¢ The name of the action is thdf:ID field of the profile:name(A;) = WSD,.ID

e The preconditions of the action are formed by the serviceutirgmd precondition definitions:

prec(A U WSD;.hasInputy U U W SD,;.hasPreconditiony,
e The add effects of the action comprise of the service outmut positive effect definitions:
add(A U WSD,;.hasOutputy U U WSD, hasEffect"'

e The delete Iist is formed by the negative effect definitidritee SWRL language (SWRL) was used
in order to model the preconditions and effects of the webises. SWRL combines OWL DL and
RuleML in order to model preconditions and consequencelsdrBemantic Web, through the use
of Horn-like rules. In the PORSCE Il case, preconditionsracgleled by SWRL rule conditions,
while positive effects are modeled as SWRL atomic expressibat are true in the world after
the execution of the web service. Since SWRL does directppstt for negation and negated
atomic expressions, which would model negative (deletEcts, the negatiorcneg> element
of RuleML (RuleML) was employed, which is used by the tramsfation process in order to
discriminate between add and delete effects. The deldteflithe action is formed as follows:

del(A U WSD;.hasEf fect;,
k=1
Web Services Al Planning
Web Service Description Actions

(OWL-S) (STRIPS/PDDL)
rdf:ID Name
Inputs —————

Preconditions =
Outputs —

Results
Effects

Figure2 Web services to planning domain mapping.

This transformation can be applied either to atomic or toposite web services described in OWL-S,
provided that the outputs of the composite service are figterministic; PORSCE Il is not concerned
with the internal implementation of the services. An exaangflan OWL-S to PDDL transformation is
presented in Fig. 3, where the mapping presented above kedhafhe web service description at hand
concerns a web service that accepts as inputs the ISBN, er &elll a Client of a book, and has as a
precondition that a Seller possesses the book indicatekeb\SBN. The service has as output the Order
Data, and as a result the change of book ownership from Sellélient. The addition of the auxiliary
argument in every PDDL predicate representing an input ggudiconcept was a necessary technicality,
in order to overcome the disadvantage of many planners tthaiod accept predicates without arguments,
which does not in any way affect the outcome of the compasitio

After the creation of the planning domain, the next step ésgéneration of a corresponding planning
problem, based on the user requirements about the compesitee. A straightforward solution adopted
by PORSCE Il for this step is the following: L&C be the set of concepts that the user wishes to provide
to the composite service aéC its desired outputs. IO denotes the set of all available concepts in the
ontology, then'C' C O, GC C O andIC N GC = (. The inputs that the user wishes to provide formulate
the initial state of the planning problem, while the desioetputs of the composite service formulate the
goals:I = IC andG = GC. Both input and output sets are provided externally by thes.us
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[.] <IENTITY [..]]=xmins:rdfs [..]<owl:imports [...]/=<service:Service [..]</service:Service=
[...]OrderUsedServicel...]
<process:hasinput rdf:iresource="#_[SBN"/>[...]

__[=proflerhas DUtpuE ratresource="%_ORDERDATA ?I

. 10T
<expr:SWRL-Condition rdf:ID="SellerHasBock">
<rdfs:label-has|_SELLER, _ISBN}</rdfs:label=
<expr:expressionLanguage rdfiresource="8&expr;#SWRL" /=
<expr:expressionObject>
<swrl:AtomList>
<rdf:first=
<swrl:IndividualPropertyAtom:

(action OrderUsedService
:parameters (?b)
:precondition
(and [hlock 2h)
(ontologybooks owlISBN ?ISBN)
tologybooks owlSeller ?Sell
<swrl:propertyPredicate rdfiresource="#has" /= (ontologybooks ow , T; We“ne:']‘
3 2 =" n —I T
<swrl:argument1 rdf:resource="#_SELLER"/= plihas ?seller 7Isen])

X 3 _n, "
<swrl:argument2 rdf:resource="#_|SBN"/> ‘effect

</swrl:IndividualPropertyAtom: —haﬂ(ontologybooksowlOrderData 75 I
<rdffirst> . . I- (not (has 7seller f1SEN))
<rdf:rest rdf:resource="&rdf;#nil"/» {has 2Client ?ISBNI1|
</swrl:AtomList>
<fexpriexpressionObject=
</expr:SWRL-Condition=

</process:hasPrecondition:

F— Inputs

SErGTCIanaS e - > Preconditions
<process:Result rdf:ID="ChangeBookOwner"> Preconditions
<process:hasEffect»
<expr:SWRL-Expression= Outputs
[ P = Effects
Results

<fexpr:SWRL-Expression=
</process:hasEffect=
</process:Result=

lrrncacc-hacRacyli-

- . 3
[...]<profile:hasQuiput rdf:resource="# ORDERDATA"/>
</process:AtomicProcess:
<process:input rariD="_[58N">
<process:parameterType rdf:datatype=
"http:/fwww.w3.org/2001/XMLSc hema#a nyURI "=http://127.0.0.1/ontology/books.owl#I SBN

rlur

imrocassiparamas

[...]<process:Output rdf:ID="_ORDERDATA"=»

process:parameterType rdf:datatype=

“http://www.w3.org/2001/XMLSche ma#anyURI"=http://127.0.0.1/ontology/books.owl#OrderData
H TVpE

<rdfs:label=</rdfs:label>

</process:Output=[..]</rdf:RDF=

Figure3 OWL-S to PDDL translation example.

5.2 Semantic Analysis

The step of semantic analysis, following that of the tramsftion process described in the previous
subsection, enables the system to exploit semantic infiwmarhis step is implemented by the OWL
Ontology Manager (OOM). During translation, the OOM is usatknsively for performing semantic
relaxation, which is useful in cases when an exact inputtiput matching plan is not available. The
OOM locates equivalent and semantically relevant concépisefore, approximate plans can be created.

In our approach, two ontology concepts are considered sacaly similar if and only if they have a

hierarchical relationshipand theirsemantic distancdoes not exceed a user-defined threshold.

As far as thehierarchical relationshigs concerned, four hierarchical filters are used for its dlégim

for two ontology concepts A and B:

e exact(A, B):The two concepts should have the same identifier (URI) or sheyld be equivalent,
in terms of OWL class equivalence, i4.= BV A= B.

e plugin(A, B):The conceptd should be subsumed by the concépti.e. A C B.

e subsume(A, B)The conceptd should subsume the concepti.e. B C A. In both thepluginand
thesubsumdilters the subsumption relationships of equivalent coteape not considered.

¢ sibling(A, B): The two concepts should neither have a hierarchical relsliip, nor be disjoint;
instead, they should have a common superdassichasACT ABLCT.

Thesemantic distanckeetween two ontology concepts is calculated in PORSCE tigusiio methods:

1. The Edge-Counting Distance (e@} based on the observation that in the hierarchical, ikee-I
structure of an ontology, the further two concepts are platte less semantically related they are.
Therefore, it computes the semantic distance of two cosdaperms of the number of edg§s)
found on the shortest path between them in the ontologyAreedge exists between two concepts
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AandBif Aisthe direct subclass @, denoted asl C,; B. The implementation of thecdistance
between two concepts, denotedds(A, B), returns a value between 0 and 1, with 1 denoting
absolute mismatch. This value is the result of normaliratibthe number of edges {6..1] as
P/Pmaz, USiNg the maximunecdistance §.,....) found in the ontology. For performance purposes,
Pmaz AN be approximated as,,. = 2h — 1, whereh is the maximum number of edges between
the root owl:Thing concepfl() and the furthest leaf.
2. TheUpwards Cotopic Distancelenoted ad,.(A, B), is defined in terms of the upwards cotopic
measure, denoted ag(A) that represents the set of the superclasses of the coAcémtiuding
A itself (Maedche and Zacharias, 2002). In PORSCE I, the wgsvaotopic distance definition
has been modified to incorporate the semantics of an ontohdeparchy. More specifically,
the owl:Thing concept is not considered in the measure, while the union and intersection
set operators take into account the concept equivalencargms, thus ignoring concept set
multiplicity. The upwards cotopic distance is|de(fin)ed as( )
uc(A) Nuc(B)| — 1
duc(4, B) =1 luc(A) Uuc(B)| — 1
If two concepts are disjoint, then their distance equals themvise, if the two concepts have a
hierarchical relationship, theh,.(A, B) € [0..1). The upwards cotopic measure reflects the significance
of the common ancestors of two concepts in the ontology hikyabased on the intuition that concepts
with a great fraction of common ancestors among all theieatws tend to be semantically related.

5.3 Semantic Awareness and Relaxation

After the steps of the translation process and the semamaigsis are both complete, the system is able
to perform semantic awareness and semantic relaxatios. st@p is potentially essential, because the
representation of the web service composition as a planmiolglem is significantly empowered if the
planning system is aware of semantic similarities amonggsyitally different concepts.

The implementation in PORSCE Il involves enhancing the doraad problem description with all
the required semantic information and consequently kpttire planner handle it as a classical planning
problem. This solution is employed in order to: a) be ablede any PDDL compliant planner, as the
semantic enhancement applied to the domain remains tnamgpga the planner, and b) minimize the
interactions between the planner and the OOM, which inttedun overhead on the planning time.

In the pre-processing phase, prior to actual planning, yistem uses the OOM in order to acquire
all semantically relevant concepts for both the facts ofitfial state and the outputs of the operators,
discovered by the semantic analysis process described prévious subsection. The enhancement of the
problem by PORSCE Il is based on the following rules:

e The original concepts of the initial state together with Hemantically equivalent and similar

concepts form a new set of facts noted as the Expanded I8ta&d (EIS).

e The goals of the problem remain the same.

e The Enhanced Operator Set (EOS) is produced, by alterindetbeription of each operator, while

preserving the initial size of the set. More specificallyg tireconditions of each operator remain
the same, while the list of add effects of each operator imeoéd by including all the equivalent

and semantically similar concepts for the concepts in thiaitist.
Suppose, for example, that the initial state | and the twaatpes of the problem are the following:

| = {debitcard(X), dates, motel}
ActivateCard: prec={creditcard(X),disabled(X)},
effects(+)={enabled(X)}, effects(-)={disabled(X)}
BookHotel: prec={dates,hotel}, effects(+)={bookinginf o}, effects(-)={},

The OOM for a given distance metric and threshold discovergdllowing relevant concepts:

debitcard ~ creditcard motel ~ hotel active ~ enabled

The pre-processor alters the problem definition to the fotig:
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EIS: {debitCard(X), dates, motel, creditCard(X), hotel}
EOS: ActivateCard: prec={creditCard(X),disabled(X)},
effects(+)={enabled(X),active(X)}, effects(-)={disab led(X)}
BookHotel: prec={dates,hotel}, effects(+)={bookinginf o}, effects(-)={}

The new problem, namely EIS,EOS,G> is encoded into PDDL and forwarded to the planning system
in order to acquire a solution. Note that the semantic infdiom is encoded in such a way that it is
transparent to the external planners, which can solve thidgm as any other classical planning problem.

5.4 PDDL to OWL-S Translation

After the acquisition of solutions, a reverse translatioocpss has to take place, in order to provide the
resulting composite web service to the original OWL-S staddnd the initial web services domain. This
reverse translation accommodates composite serviceydapht and execution monitoring.

For the purposes of the PORSCE Il framework, the use of mgi©OWL-S control constructs is not
mandatory, as far as the proper invocation of the atomicgs®es is concerned. Since the modeling of the
web service composition problem to a planning problem isetydyased on the STRIPS formalism, there
is no need to define alternative paths. Moreover, all theggieaduced by the planning systems contain a
finite number of steps and the use of loops is rare and not ntaryd&herefore, any plan produced by the
framework can be expressed as a composite web service by aisiy the Sequence control construct,
without risking the proper invocation of the composite $s#vThis is true even for the cases where the
external planning system used, such as LtHGeturns a non linear plan (i.e. one that contains steps with
parallel execution of actions), since any non linear STRIR® has one or more equivalent topological
orderings. However, in order to accelerate the invocatfdhecomposite service by allowing the parallel
execution of certain atomic processes, an algorithm taastates plans (linear or non linear) to composite
web services using the Sequence, Split and Split+Join eartsthas been developed.

Algorithm 1 (Basic) Computes an initial composite service wlequencand Split constructs
Inputs: G = (V, E), the web service graph
Output: C: a composite service
sst R« {reV:VzeV,(x—r)¢E}/IRisthe set of root nodes in G
if |R| =0thenreturn NULL
if |R| =1then
set G’ « the tree inG with r € R as the root
return sequence(r, Basic(G' — {r}))
4 sete+{}
5 foreachrinR
set G’ + the tree inG with r € R as the root
set ¢ + cU Basic(G' — {r})
6 return split(c)

WN -

Algorithm 1 presents the basic algorithm that creates a caitgpservice, given a web service graph.
A web service graph is a grafgh = (V, E), where the nodes ilv correspond to all the atomic services
in the plan and the edgés — y) in E, wherex andy are nodes iV, define that web service produces
an output that is required by as an input. The process of obtaining a web service graph fhem
plan is straightforward and due to space limitations, wé mdlt further elaborate on that. The output
of the Basic function in Algorithm 1 is either a composite construct o€ torm sequence(cy, ¢2), or
split(cy, ca, .., cn), Wherec; to ¢, are eitheMNULL or composite constructs. For example, consider the
web service graph presented in Fig. 4. The output of the Basition presented in Algorithm 1 will be
split(sequence(W Sy, sequence(W S., NULL)), sequence(W Sy, sequence(W S., NULL)))

Figure4 Web service graph example.
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Algorithm 2 (Join) ReplacesSplitwith Split+Joinwhere possible in a composite service
Inputs: C = f(as, ae, .., an): @ composite service witBequencandSplit constructs
Output: C: a composite service witBequenceSplit and Split+Join constructs
1 st f(a, a2, .., an) = C, wheref is the name of the construct and to a,, its arguments
if f=NULL thenreturn NULL
3 if f = sequence then
ay = Join(az)
ah = Join(az)
return f(a, ay)
4 if f = split then
for each pair (a;, aj), i, jin [1,n]
if a; anda; have a common ending, i.@; = a; U k anda; = a} U k then
C'=C —{as, a;} U seq(split + join(a;, a}), k)
return C’

N

The output of theBasicfunction is then fed to théoin function, presented in Algorithm 2, in order
to replace theSplit construct withSplit+Join wherever this is possible. Thiwin function searches in all
possible pairs oplit arguments, in order to find a common ending part. For instancde example
composite service given above, both arguments ofSpiét construct end inequence(WS., NULL).
Therefore, if we apply Algorithm 2 to the output of Algorithin the resulting composite service will be
split(sequence(split + join(WS,, WSy), sequence(WS., NULL)))

The above composite service is then simplified by remowdi Ls and constructs with single
arguments and the final outcome is a construct of the farmence(split + join(W.S,, WSy), WS,)

The above algorithms, along with some additional filtersshsas the one mentioned above for
removingNULLsand unary constructs were implemented using the CMU OWL-5(BRIU).

6 Solution and Integration

PORSCE Il aims at a high degree of integration of the comjpositrocess; therefore, its features include
solving the problem through invocation of external plamgnaystems, visualization, solution evaluation
and composite service modification.

6.1 Acquiring Solutions

Since the transformation process results in the exportif the planning domain and problem in PDDL,
any PDDL-compliant domain independent external plannysgesn can be used. This is a key issue for the
ability of the system to keep up to date with advancementsainring research. Currently, two different
planning modules have been incorporated in the systemnJBRIan), which is an open-source Java
implementation of Graphplan and LP@G{Gerevini et al., 2004). Both planners proved to be remdykab
fast and can handle a respectable number of operators, ¥ghiehy important as the number of available
web services is expected to increase significantly over. tifter the planning process is completed, JPlan
provides the plan, in its own format, which comprises of agersequential list of actions. LP8; on

the other hand, provides the plan in a format that compliés RDDL+. The plan in this case might not
be sequential, but structured in levels; actions belontfirije same level can be executed in an arbitrary
sequence, however all actions of a certain level must be lssetbbefore any action of the following level
can be executed. Subsequently, the produced plans ardizésband their accuracy is evaluated.

6.2 Composite Service Accuracy Assessment

Semantic relaxation and the use of multiple planners magiyre a number of composite services, for
which statistics and quality metrics have to be calcula®erth metrics include the number of actions and
the number of levels in the plan, as well as a plan distancktguzetric, which indicates the accuracy of
the plan, when semantic relaxation takes place.

For the calculation of the plan semantic distance, eachemirappearing in the inputs or outputs of
the actions of the plan is annotated by the OOM with a semaligtanced; with respect to the original
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concept it was derived from, using the selected similariggnn. A concept distance of 0 reveals identical
or equivalent concepts. Additionally, each concept is &aed with a weightw;, with respect to the
kind of hierarchical relationship to the original conceftis provides the option to discriminate among
different hierarchical relationships, to accommodatecises when certain relationships might be more
desirable than others. As a rough example consider a uddntptor "zip_code” (subclass); in this case,
superclasses, for example "address” (which entails thecage) are more desirable than siblings, for
example "streehumber”; therefore, providing different weights for suglasses and siblings will have
the desired effect on the results. These values are comtzirfedn the plan semantic distance. When the
upwards cotopic distance metric is used, the plan semaistante is calculated as a weighted product of
these concepts, as the product represents appropriatedgthantic distance in this case:

n

PSDUC = H widi, dl 75 0

k=0

The plan accuracy metric is calculated Bs- PSD; therefore, if there is exact input to output

matching, or if only equivalent concepts are used, thenldreguality metric value is 1, while it decreases
as the plan becomes less accurate.

6.3 Visualization and Composite Service Modification

The Visualizer enhances comprehensibility by providingsaial representation of the composite service
and enables the user to interfere by manipulating it. Thepusite service is represented as a schema
of simple service invocations, possibly structured in Igvshowing inputs and outputs, as well as
dependencies among web services. The Visualizer modubkesvand interacts closely with another
module of the system, the Service Replacement Componeithwaiows the user to select among a
series of alternatives in order to modify the produced cagitpaervice. The first alternative for composite
service modification is the replacement of a certain seimicdeded in the composite service (plan) with a
semantically equivalent or relevant service. In order tégren this operation, the system needs to discover
all actions that could be used alternatively instead of tiesen one, using advice from the OOM as far as
concept equivalence and semantic relevance are concémedtionA is considered an alternative for an
action@ of the plan as far as it does not disturb the plan sequenceéharidtermediate states. In order to
ensure that, both the conditioagd(A) 2 add(Q) andprec(A) C S must hold, wheré is the state of the
world exactly before the application af and can be calculated by Algorithm 3 belofy,(). The selected
alternative service substitutes the original one bothéptlan and in the visualization, and no replanningis
performed. The web service substitution can be appliediztrary number of times on any of the services
taking part in the composite service. In cases when noneaf@mantically equivalent or relevant services
that correspond to a certain service is considered sujtablen cases where there are no alternative
services, the system offers the option to substitute theicgewith a partially ordered set of services,
which are found through planning. In this case, the worltestaght before and after the execution of the
action being replaced serve as the initial and goal statethéoplanning process, respectively. In order
to find the initial statel,.,. and the goal stat€',.,. for the replanning process Algorithms 3 and 4 are used
respectively. Note that the replanning process is bounetiarm the web service being replaced itself,
especially if the external planner used produces the opfiaa in each case. In order to prevent that,
this specific service has to be removed from the set of alaikdrvices before the replanning process
proceeds. As the new plan produced substitutes the seitgicgiality metrics have to be incorporated in
the quality metrics of the entire plan.

If replacement of a web service, either by an equivalentianutgh replanning, is not a suitable option,
or if multiple services are undesirable or unavailable utber can resort to replanning from a certain point
in the plan, or even replanning from scratch. When replapfriom a certain point, Algorithm 3 is used
to calculate the initial state.

7 Demonstration and System Evaluation

This section aims at demonstrating the use and evaluatingatformance of the PORSCE Il through a
case study, following the general course depicted in Fig. 5.
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Algorithm 3 Computes the initial state for replacement of actibrthrough replanningit.,)
Inputs: Extended Initial State (EIS), plaR = A1, .., A, index of the action being replaced (i)
Output: The I,

1 setl.« FEIS
2 ifj=1 /[ start at the beginning of the plan
3 do /[ for every action
Irr <+ I U add(Aj) /l'include the add effects of the action in the set
j=j+1
4 whilej <1 /I until the action being replaced is reached
5 return L.,
Algorithm 4 Computes the goal state for replacement of actlothrough replanning(;-»)
Inputs: Initial Goal State (G), plat® = A1, .., A, index of the action being replaced (i)
Output: The G,
1 setGrr G
2 ifj=n // start at the end of the plan
3 do // for every action
Grr < Grr —add(Aj) Uprec(A;) Il include preconditions and exclude the add effects
Jj=j—-1
4  whilej >1 /' until the action being replaced is reached
5 return G,

PORSCE 1l
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Semantic Relaxation
\4
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Figure5 The demonstration steps.

The test sets used to perform experiments were obtainedtfier®@WLS-TC (OWLS-TC). Several
service descriptions were modified or added to the domaicrsyramodating demonstration of the
capabilities of the system. Some indicative web servicas wWere modified or added are depicted in
Table 2.

Service | Inputs | Preconditions [ Outputs | Effects |
BookToPublisher Book, Author Publisher
CreditCardCharge | OrderData, Payment
CreditCard
ElectronicOrder Electronic OrderData
PublisherElectronic| Publisherinfo OrderData

Order

ElectronicOrderinfo| Electronic OrderInformation
Shipping Address, ShippingDate
OrderData
WaysOfOrder Publisher Electronic
CustomsCost Publisher, CustomsCost
OrderData
FindUsed ISBN Seller has(Seller,ISBN)
OrderUsed ISBN, Seller,| has(Seller,ISBN) | OrderData -has(Seller,ISBN)
Client has(Client,ISBN)
FindISBN Book, Author ISBN

Table

2 Added / modified web services.
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The transformation of the web service composition problemlanning terms includes translating all
available OWL-S web services, including the aforementiboees, to PDDL operators, so that the size
of the resulting domain is maintained on realistic levelse Transformation process also incorporates
the representation of the requirements about the compsEsitece, which the user can express through a
dialog interface such as the one depicted in Fig. 6.

Set initial and goal state
hitp:ff127.0.0, 1fontologyfmy_ontology owkéDates ~ http: /127,00, 1jontology fbooks, owl# Author
httpff127 0.0, 1fontalogyMid-level-ontology . owl#Address http:/f127.0.0,1jontology/books, owl#Book.

Choase inital state concepts:  hktps/f127.0.0. Hantologyfiravel owl4Sightsesing http:1127.0.0. L ontology/backs.owClient
htp: {12700, 1 fantalogy(portal.owl# Organizatian http: /127,00, 1 jontolagy finance_th_web, owl#cradit_card
hktp:ff127.0.0. 1 fontalogy/Mid-level-ontology . owl#Store v htkp:/127.0.0. 1fontologyiMid-level-ontalogy, owl# Address
Ihttp:ff127.0.0.1/onkology/finance_th_web, owl credic ~ http:ff127.0.0.1/ontology finance_th_web, owl#payment

http: ff127.0.0.1 fontology, /my_onkalogy owl#CustomsCost

hitp: 127.0.0.1 fortolagyfmy _ontology owkeShinpingDate

http:ff127.0.0. 1 onkology/books, owl#Novel
Choose goal state concepts:  |http:f127.0,0. 1 Jonkology/books, owkéPerson
http:ff127.0.0,1/onkolagy/my_ontology. owl#ShippingDate

http:i{127.0.0.1jonkalogy/books. owl Encyclopedia ~
Choose planner(s): IPlan LPGEd Specify the desired number of plans for LPGEd: |1

Figure6 Initial and goal states definition and desired plannersctiele

The scenario implemented here belongs to the OWLS3®6ksandfinancedomains, and concerns
the electronic purchase of a book. The user provides assrysitietails (client), a book title and author,
credit card info and the address that the book will be shigpednd wishes to use a credit card for the
purchase, as well as to be informed about the shipping datéthe customs cost for the specific item.
The initial state corresponds to the inputs of the compastgice, while the goal state represents the
desired composite service outcome.

In order to accommodate semantic awareness, all the osltdtat organize the concepts appearing
as inputs and outputs of the available web services are gpanse analyzed. This enables semantic
relaxation, performed through semantic enhancement gflémning domain and problem. The degree of
the semantic relaxation is user-defined, and can be spebifisélecting semantic distance metrics and
thresholds through the interface depicted in Fig. 7.

Distance Metrics
Select distance metric: () Edge (%) Cotopic
Choose the types of similarities to include and their thresholds:
Equivalents
Supetclasses 0.7
Subclasses 0.7
Siblings 0.9

Figure7 The semantic enhancement interface.

At this point, the system exports the formulated and pogsibimantically enhanced planning domain
and problemto PDDL. Consequently, it invokes externalipéaa to acquire solutions. The PDDL domain,
problem and produced plan for this scenario are depictedjin3-Note that the domain in this case, for
space purposes, contains only the necessary atomic wabeserv

The produced plans are imported into the Visualizer Comppnehere they are represented as a web
service graph and depicted visually. The first plans prodimeJPlan and LPGd for this case study,
using the operator set described above, without perforiaailygsemantic relaxation, are presented in Fig.
9. The calculated statistics and metrics for the composie services include the number of actions and
the number of levels in the plan (which coincide for sequapiians), as well as the plan accuracy metric.

While exact matching of input to output concepts is obligaia the classical planning domains, in
the web services world the case can be different, as it iepbfe to present the user with a composite
service that approximates the required functionality ttmpresent no service at all. The semantically
similar concepts obtained from the OWL Ontology Managehénéhe system to compose alternative
services that approximate the desired one in case ther@aneact matches, by performing semantically
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: Ipg-td-1.0 -b
problem pddi -n 1
lem.pddl

STRIPS duration

b))

CustomsCost

[N =]

Figure8 The PDDL domain, problem and plan for the specific scenario.

relaxed concept matching. Such an approximate servic@émspecific case study is presented in Fig. 10.
The calculated accuracy of this service is different fromdbcurate ones presented in Fig. 9.

In case service replacement is required, for example on tieo@sCost service, and there is no
alternative service available, service replacement ginaeplanning will be employed. The algorithms
described in the corresponding section will yield new aliéind goal states, and the corresponding planner
will be re-invoked, finding a new sequence of actions thata#stitute the selected service. The user
interface for the replacement options is depicted in Figwitile the resulting composite service after the
modifications is depicted in Fig. 12.
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books.owl#Publisher

finance_th_web.owl#Electronic my_ontology.owl#OrderData

finance_th_web.owl¥payment

hooks.owl#Publisher
my_ontology.owl#OrderData

my_ontology.owl#CustomsCost

my_ontology.owl#OrderData
Mid-level-ontology.owl#Address

my_ontology.owl#ShippingDate

Plan  Other
books.owl#Book finance_th_web.owl#Electronic yy antology.owl#OrderData books.owl#Publisher my_ontology.owl#OrderData
hooks.owl#Author hooks.owl#Publisher finance_th_web.owl#credit_card My_ontology.owl#OrderData  Mid-level-ontology.owls Address

Actions: 6

Levels: 6 [EnnanPuhlisherSewil:eJ [Ways()f()[dg[sgnm;g] CreditCardChargeService [Custnmscuslsawice] [ShippinuSentice]

Edg?_ Mear|i]c my_ontology.owl#OrderData

e L hooks.owl#Publisher finance_th_web.owl#Electronic finance_th_web.owl#payment my_ontology.owl¥CustomsCost my_ontology.owl#ShippingDate
books.owl¥Book my_ontology.owl#OrderData
books.owk#Author hooks.owl#Publisher finance th web.owl¥Electronic  finance_th_web.owlgcredit_card

Actions: 6 ) ) 5

Levels: 4 BookToPublisherService WaysOfOrderService ElectronicOrderSenvice CreditCardChargeService

Edge Metric

Quality: 0.0

Figure9 The plans from JPlan (top) and LPG-td (bottom) for the speciise study.

books.owl#Publisherinfo

[PuhIisherEIectmnil:OrderSentice]

books.owl#Book
books.owl#Author
Actions: 5
Levels: 3 BookToPublisherSenvice
Edye Metric

Quality: 0.9566 1,015, aui#Publisher
books.owl#Person
books.owl¥Publisherinfo

Figure10 Approximate composite service.

my_ontology.owl#OrderData books.owl#Publisher
finance_th_web.owl#credit_card my_ontology.owl#OrderData

my_ontology.owl#OrderData
support.owl#Intangible-Thing

my_ontology.owl#Orderinformation

my_ontology.owl#OrderData
Mid-level-ontology.owl#Address

[Creditcardchargesawice]

[Cuﬂumscuslsawice]

finance_th_web.owl#payment

my_ontology.owl#(

[ShippinuSewice

Replace service

gy.owl#ShippingDate

my_ontology.owl#OrderData
Mid-level-ontology.owl¥Address

_ontology.owli#ShippingDate
my_ontology.owl#Dates

my_ontology.owl#OrderData
finance_th_weh.owl#credit_card

CreditCardChargeService

finance_th_weh.owl#payment
finance_th_web.owl¥cost
finance_th_weh.owl#cash
finance_th_web.owl#credit

hooks.owl#Publisher
my_ontology.owl#OrderData

my_ontology.owl#CustomsCost
support.owl#Iintangible-Thing

Alternative services or subplans:

Flease select a service or & sub-plan:

CustomsCostService

Replan fram this paint
Replan from the start
Show OWL-5

CustomsCostServiceFes - CustomsCastServiceAddedvalue

Figure1l Service Replacement Interface.

hooks.owl#Book
books.owl#Author

my_ontology.owl#OrderData

books.owl#Publisher finance_th_web.owl#Electronic  finance_th_weh.owl#credit_card

Actions: 6 ]
Levels: 6 [BuukTuPublisherSenlice] [Wayso[ordersantice] [ElectrunicorderSewice] CreditCardChargeService
Edge Metric

Quality: 0.0 hooks.owl#Publisher finance_th_web.owl¥Flectronic my_ontology.owl*"™ [eiuata finance_th_weh.owl#payment

books.owl#Publisher
my_ontology.owl#OrderData

CustomsCostServiceFee

my_ontology.owl#CustomsCosta

my_ontology.owl#OrderData
my_ontology.owl#CustomsCostia Mid-level-ontology.owl#Address

[Custnmscustsan.i-, ] [ ippi 'e]

my_ontology.owl#CustomsCost my_ontology.owl#ShippingDate

Figure12 Composite service after replacement operation.

The final step is to transform the solution to web service eéxntThis is achieved by translating
the PDDL+ plan that represents the desired composite weficegeproduced by the external planning
systems, into OWL-S, utilizing information retrieved frameb service descriptions and ontology analysis.
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Number of web services 10 100 500 1000
Preprocessing time 5953 | 5794 | 6007 5903
Exact 4685 | 71533 | 356800 | 823793
Total transformation time Edge 4635 | 76558 | 346212 | 820700
Cotopic | 4667 | 76928 | 757778 | 3947955
Exact 469 715 714 824
Transformation time per web service Edge 464 766 693 820
Cotopic | 467 769 1516 3950
Exact 4 17 50 119
Planning time (L PG-td) Edge 6 16 72 123
Cotopic | 4 15 56 122

Table3 Time measurements in milliseconds.

In order to study the behavior of the system as the number aiadle web services increases,
web service profiles were added to the domain progressivebaiches. The time performance results
presented in Table 3 were obtained from a number of runs ofyeEem on a machine with Dual-Core
AMD Opteron Processor at 2.20GHz with 1GB of RAM memory andaayn times for preprocessing,
transformation of the OWL-S service profiles to PDDL actiansl planning using LP&d.

Measurements took place for domains of different sizes,atarh0, 100, 500 and 1000 OWL-S
profiles. Some of the experiments were performed with exatthing, while others were performed with
semantic relaxation using either the edge-counting or piveands cotopic metric. The preprocessing time
did not show significant fluctuation, as it depends on the rermahd structure of the processed ontologies
and not on the number of available web services. The totattoamation time evidently increased as
the number of available web services increased, howevavitrage transformation time per web service
profile converged to approximately 0.81 seconds for thetaxatching and the edge-counting cases. In
the upwards cotopic case, the increase in the averagedraration time is significant as available web
services increase, due to the higher complexity of the dlganrused for calculating the upwards cotopic
relevance between two concepts. As far as average plannmiegs concerned, LP@ shows an increase
in planning time as the number of actions increases; howitvestill remarkably fast. It should be noted
that the scalability of the system as far as planning timeiserned is not critical, as the planners used
are not embedded and could easily be replaced by more effaies.

8 Conclusions and Future Work

This paper presented PORSCE II, an integrated system whbitibioes planning with semantic object
relevance in order to approach automated semantic welts@wimposition. The web service composition
problem is transformed into a planning problem, solved urgiemantic awareness accommodating
approximate compositions, and then transformed back in segbice terms. The system exploits the
most prominent standards in both worlds, namely OWL-S andPOPORSCE Il aims at a high
degree of interoperability with external planning systewhich perform planning with the desired degree
of semantic relaxation. Finally, the system is integratdth\a visual environment and components
which accommodate composite service evaluation and matidit. Among the main advantages of the
proposed framework are the extended utilization of seroamftormation, the ability to scale up for a great
number of services, and the capability to handle serviderfaor unavailability dynamically.

Future goals include the extension of the system in ordeepday the produced composite services,
through OWL-S deployment systems such the OWL-S Virtual viae (Paolucci et al., 2003), and
automatically acquire feedback, which can then be utilipggdartially automate the service replacement
procedure. Also, another direction we plan to explore istoglification of the web service modeling, so
that a metric domain is constructed, which incorporatestireept semantic distances and requires the
planner to minimize the total semantic distance. In addjtamother future goal concerns the exploration
of the possibility to accelerate the composition processa$serting the produced OWL-S profiles in
the base of the available web services, under certain timstints. Furthermore, integration with the
VLEPPO system (Hatzi et al., 2007) is a promising future atiom, in order to accommodate design
and solving of the web service composition problems. Bndlllies in our immediate plans to study
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ways to enhance the services representation and exploabilitg to produce various composite services
according to non-functional properties.
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