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Abstract—The idea of service orientation envisions dynamic ~ The paper is organized as follows. Section Il introduces
detection and execution of suitable Web services for solving a gyr goal model with respect to arising requirements and the
particular request. Most realization approaches pay only little initial WSMO approach. Section Ill specifies the semantic
attention to the client side of such architectures. We therefore I .
promote a goal-driven approach: a client merely specifies the desc.rlptlons and correlatlor_ms'of the goal model elements, .and
objective to be achieved in terms of a goal, and the system resolvesSection IV demonstrates this in an example from the travelling

this by automated detection, composition, and execution of Web domain. Finally, Section V concludes the paper and discusses
services. Extending the WSMO framework, we present a model related work.

for describing goals as formalized client objectives that carry all
information relevant for automated detection and execution of
Web services. This paper explains the design of the goal model,
specifies the formal descriptions of goals, and demonstrates the The following first discusses the requirements arising on
model within an illustrative example. goal descriptions for realizing goal-driven Web service usage.
After recalling the relevant aspects of WSMO wherein our

approach is embedded, we then introduce the goal model that

To overcome the deficiencies of monolithic architecturgg subsequently specified in the remainder to the paper.
with regard to reusability and interoperability, the emerging

concept of service-oriented architectures (SOA) envisions dy- Requirements Analysis
namic detection and execution of Web services for solving a o .

. o The central notion in our context is goal as the formal
particular request [8]. Most realization approaches focus gn

the description and handling of Web services but pay "tt%;euflcatlon of a client's objective that shall be achieved by
L

Il. REQUIREMENTS ANDAPPROACH

I. INTRODUCTION

) ) o . : e usage of Web services. As [21] discusses in detail, three
attention to the client side, i.e. request formulation by clien %quirements arise on goal descriptions in order to properly

and thelr. mtergctlon with .the system. . support goal-driven Web service usage as outlined above.
Following prior conceptions for automated problem solving, . S e
. . . 1) Expressiveness for Objective Specificatitime goal de-
we therefore proclaim a goal-driven approach. A client shall 7 . o : e
S . ; cription model must be sufficiently rich for specifying all

formulate the objective to be achieved in terms of a go o g . .
and the svstem solves this by automaticallv discovering. co inds of objectives that can be achieved with Web services.
Y y y 9, c%als should be (1) formulated on the knowledge level, i.e.

posing, and executing appropriate Web services on ba5|50% the level of problems to be solved without any technical

formal, declarative descnpnqns. The amis to enable prObIer‘(fllétails that are irrelevant for the objective to be achieved, and
oriented usage of Web services: the client can concentrate g

the problems to be solved while all details on the automatéﬁya"ow o specify restrictions on the workflow of how a goal

i all be resolved.
f Wi handl th tem. .
usage of Web services are handled by the system 2) Automated Web Service Usaga:goal must carry all

This paper presents a description model for goals as t#ﬁormation required for automated discovery, composition
central notion of this approach. As a revision of the goal _req . ; Y, P ) '
and execution of Web services. In particular, these are:

model developed in the DIP projedtip.semanticweb. . ) ) ) i
org , [21]), we define the following extensions for the initial * all Inputs required for invoking and consuming the Web
goal model of the Web Service Modeling Ontology WSMO  Services that are to be used o _

(www.wsmo.org ): (1) the differentiation ofgoal templates * @ compatible counterpart for the communication behavior

as generic objective descriptions agdal instancesas con- of the Web service for consuming its functionality
crete requests that instantiate a goal template, (2) automateel Support for the technical grounding of the Web services
Web service usage bglient interfaceswhich are embedded for information exchange.

in mediators that connect Web services and goals, and (38) Ease of Goal Formulationpractical experiences reveal
composite goalsas an orchestrated workflow of goals thathat most end-users are not capable of specifying complex
the client desires. We shall explain and demonstrate that thismal descriptions. Hence, goal specification should be left
model provides a proper basis for realizing goal-driven Wdb knowledge engineers with support for goal formulation by
service usage in service-oriented architectures. end-users via graphical interfaces.



B. Web Service Modeling Ontology WSMO template with concrete inputs. Successfully applied in WSMO-
The Web Service Modeling Ontology WSMO is a Comganabled systems such as IRS [4] and SWF [23], this distinction

prehensive framework that envisions semantically enabl@fows (1) to support goal instance formulation by end-users
service-oriented computing (see [9] for an extensive overvieWj& 9raphical user interfacef( third requirement), and (2)
It defines description models and languages four top-leV@ allocate expensive operations for Web service discovery
notions:ontologiesthat specify formalized domain knowledge?d composition on the level of goal templates, therewith
used in all other elementsyeb serviceshat carry a semantic MProving the runtime efficiency of the SOA system.
description,goals as the client objectives to be solved, and 2) Two Goal Template Typeswe further distinguish two
mediatorsthat resolve potentially occurring mismatches. Refypes of goal templates with respect to the expressiveness of
evant in our context, we briefly recall the descriptions of We#0als for objective specificatioref( first requirement). As the
services and goals. basic type, @oalis the generic description of an objective that
A WSMO Web service description consists of two centralefines conditions on the start state of the world and conditions
parts. At first, thecapability describes the overall functionality©n the desired state wherein the objective is considered to
provided by a Web service in terms of preconditions, assunfpe satisfied. We specify this in terms of a WSMO capability.
tions, postconditions, and effects; these are logical expressiohs¢Omposite goakxtends this with a desired workflow that
specified e.g. in WSML [3]. Secondly, two types of interfaceghall be sustained during the resolution of the goal. This is
describe the interaction behavior support by a Web servic:collection of subgoals with control- and data flow among
the choreographyis the interface for consumption of the Wetfhem, which we describe as a WSMO orchestration. The goal
service by a client, and therchestrationis the interface for template type is independent of the need for Web service
interacting with other Web services that are aggregated digcovery or composition for goal solving.
achieve the overall functionality. Both can be described by 3) Automated Web Service Usage via WG Mediatars:
ontologized Abstract State Machines [18], [20]. general, there can be several Web services that are usable
A WSMO goal description consist of @aequested ca- for solving a goal. Each Web service may provide a different
pability and requested interfacesThe former shall specify interface for consuming its functionality. We do not consider
the objective to be achieved in terms of a capability frorthis to be relevant for goal formulation on the knowledge level.
the client perspective. The latter is intended to specify thidence, we allocate the relevant information for automated Web
communication behavior for automated Web service usagervice usagecf second requirement) incient interface{7].
supported and required by the client. However, the distinctiérssentially, this is the compatible counterpart of the Web
of choreography and orchestration descriptions in the gasirvice choreography interface that allows to interact with the
model remains ambiguous, and it does not encompassVab service for consuming its functionality. This is allocated
formal notion for goal instantiations by clients. Thus, théh a WSMOWG mediatorthat connects a goal template with
initial WSMO goal model appears to be not sophisticated ferusable Web service. A WG mediator is defined for each Web
realizing goal-driven Web service usage as outlined above.service that is usable for resolving the goal template.

C. Goal Model Overview
. . o ) [1l. GOAL MODEL SPECIFICATION

On basis of the experiences and insights gathered in the DIP
project, we revise and extend the initial WSMO goal model \ye now turn towards the definition and formal description
to consists for four notions. Figure 1 gives an overview asq the four elements of the goal model. Following the concep-
UML class diagram. To meet the determined requirements, §)6, in related Al research (e.g. [2], [17]), we understand a
central changes are the following. ~ goal as the formal description of a client's desire to get from

1) Goal Templates and Goal Instancesve distinguish the current state of the world to a state wherein the objective
two types of goals. Agoal templateis a generic objective js satisfied. In accordance to the conception of WSMO, the
description that is defined at design time and is kept {imary focus of our model are the functionalities provided
the system. Agoal instancedenotes a concrete request obly Web services and requested by goals.
a client that is defined at runtime by instantiating a goal \y specify the meaning of goal descriptions witAipstract

State Spacegshort; ASS) [13]. This defines a state based

- model of the world that Web services act in with precisely

automated Web service usage defined formal semantics. Therein, a particular execution of
desired in: . e .
workiow | 11 objecte. capapiy a Web service or a composition of Web services denotes a
instamiauow WG Mediator sequence of state transitioms= (so,..., sm), i.e. a change
Composite Goal : Goal Instance source: goal of the world from a start state, to a termination state,,
aubGoals: goal tomplate- goal e eres that.|s triggered by the invocation with concrete inputs. F_or
workfiow: orchestration nput: inputbinding clientinterface: choreography solving a goal, we need to find a Web service or a composition

that can be invoked such that the client objective is solved in
Fig. 1. Goal Model Overview the termination state of the triggered execution.



A. Goals goalG is analogous. Herdr}¢ is the set of sequences of state

As the basic goal template type, a goal formally describ&@nsitions that are solutions fgr such that for allr € {r}¢
an objective with respect to the start- and the desired fif#@ldS7 =4 Cg. Capabilities can only be evaluated if there
state of the world. In service-oriented architectures, the curréif concrete value assignments for fAévariables. These are
state of the world may not be known because the constitutil§fined by goal instances as we explain the following.
facts are distributed and possibly not accessible to all partigs gog| Instances

involved in the interaction. Hence, we describe a ggdby . . .

conditions on the possible start states and conditions on Lhéa‘ goal mdstance fprma;)lly_descnl_)e_s a concrelzte CI'E’;nt request.

desired state of the world wherein the objective is consider tds created at runtime by _msta_ntlatlng a goal temp ate._ I_n ac-

to be solved. Formally, this is described by WSMO capabiliti%:s,ordance to the Web service discovery framework enwspned

that are extended with notions from the ASS-model. or WSMO [12.]’ the client therefore searc_:hes the repo_sﬂory
for an appropriate goal template and then instantiates this with

A WSMO capability is defined byreconditions¢?™ as rete inout val Th val nstitute the inouts for
constraints on the information space before a Web service Ggpierete input vaiues. 1hese values constitute tn€ inputs 1o

be executedassumptiong®*® as conditions that need to hoId'nVOkmg a Web service t.o solve the gpal |n§tance. .
in every state during the executiopgstconditionsp?°st that . The creation of a goal instan€& (G) is achieved by defin-

constrain the state of the information space after succes &ﬂtsnmﬁm b|nd|ng|6tfortf?eéNl—:varlat::es "T th.e capapllltyg
execution, aneffectsp!’ as conditions that hold in the world @ 1€ chosen goal templatg. Formally, 5 : lit, - in} —

after successful execution. Defined with respect to ontologﬁé{é‘ IS i}?\}al fu'n(l:)tllon dtr;gt %sggns \c/)\?Je;}tS of t?he uggvgtge
O, these are closed formulae specified in WSML [3]. 0 eac -vanable defined In.g. Ve therewith oblain an

X . assignment of concrete valuesfor all required inputs, i.e.
So-calledshared variablesvhose scope is the complete ca- 9 q P

o ; ; ={i ...yin|vn}. This is considered to be valid for a
pability allow to specify the dependencies among the formula%. {?1. v, : 2 nfUn}
We replace this by a more precise model from the ASS mocf pability C if the current state of the world,. that 3 refers

that explicitly defines in- and outputs [13]. The set of variable§ satisfies the precondition, i.e. sf, § = wsnr, 9.
IN = (i i) denotes all required inputs for invoking Given a valid input binding, we can determine the end-state
1t fn f

: : ; o the particular solution for7I(G) evaluating the semantics
a Web service, respectively for instantiating a goal templatg " : ) o
P y gag P f C from Definition 1. We therefore instantiate the capability

Their scope is the complete capability, and they occur as the £ 1h | | b bstituti I f
only free variables in ther ¢, ¢*5 ¢rost ¢eff formulae. The 9 N t. e goal template by sy st|tut!ng a occgrrence.o an
set of universally quantified variable8UT = (o1,...,0m) IN-variable by the value) assigned ing for all 7 € IN in
denotes all outputs that are constraineddsyst. ealch statemen in Cg.' holds that th iol luti f
We further take on extensions from the ASS model that " consequenk():e, It f Oh S tfat t. e possible solutions for
allow to more precisely describe the changes of the wo%l(g) are a subset of those i@, i.e. {r}ci(g) C {T}g.

performed by Web service executions. The extended signatufe@gagssvggtzgr'v\i’\éig?grreigﬁ;ﬁg?:sszgésgggxigrezcz(tjlg:_:
Y 4 differentiatesstatic symbolstg that are not changed by g b

the execution of a Web service, adgnamic symbol&, that sign time; discovery for goal instances is performed at runtime,
are changed by the execution. Besides, a capability carries n\(/)vH_e reby only those Web services need to be investigated that

functional properties\FP that include a natural Ianguageare usable for the corresponding goal template. This allows to

description and quality-of-service aspects. Definition 1 Spe%(_:hieveabetter runtime efficiency. [22] discusses this in detail

ifies the formal meaning of a capability in an Abstract Stat%nd specifies semantic matchmakmg techniques for discovery
on the goal template and the goal instance level.

SpaceA. Here,s Ewsur ¢ expresses that the formulais
satisfied under &-interpretation over the univergé, that is C. WG Mediators
assigned to a statec A with respect to the semantics of the A WG mediator connects a goal template with a Web

WSMI._—?/fanant whereiny is specified. service and carries all information relevant for automated
Definition 1: A capability is a 9-tupleC = (O, %4, IN, OUT, invocation and consumption of the Web service. Such a WG
¢°C, 9750, P U N FP). LetT = (so,...,sm) be a sequence mediator is defined for each Web service that is usable for

of state transitions in an Abstract State Spate solving the goal template. Extending their definition from
The meaning of is that if so [=wsar @77 thens,, Ewsur ¢*°°f  WSMO [16], we describe WG mediators by five elements:
and s F=wsur ¢ if for all s € 7 holds s f=wsu ¢*°. (i) the sourceis a goal template

If this holds, we say that satisfiesC, denoted byr |=4 C. (i) the targetis a Web servicéV

This essentially defines the meaning of a capability adii) it can use data and process levekdiation facilities
an implication between the start- and the termination statdiv) it carries thematching degredetweeng and W and
of a sequence of state transitions. The overall functionality(v) a client interfacefor invoking and consumingV’
provided by a Web servicl’ is the set of possible executions in order to solveg.
{r}w. We say thati¥ provides the functionality described (i) and (ii) define that WG mediator is always a directed
by Cw, denoted byW =4 Cw, if for all 7 € {7}y holds relation from a goal to a Web service description. (jii) states
7 =4 Cw. The meaning of a capabilitfg that describes a that mediation techniques can be utilized in order to handle



and resolve potentially occurring heterogeneities between ttistinct prototypical executions of the aggregated resources.
goal and the Web servide(iv) defines the relevant information Each perform construct is accompanied bypMediatorthat

on the usability of the target Web service. This is denoted lopnnects performances and defines the bindings between their
the respective matching degree determined by discovery (ssguts and outputs.

above) for directly usable Web services, or tgndidate In a nutshell, an orchestration in a composite goal consists
if the target Web service can be used to solve the source gofthree central elements: (1) the guarding condition in a tran-
template as part of a Web service composition. sition rule defines the control flow, (2) the perform construct

(v) defines thelient interface It is specified by ontologized specifies the particular subgoal to be performed, and (3) the
Abstract State Machines (ASM), i.e. the WSMO descriptiodata flow is defined by the in- and output variable bindings
for Web service choreography interfaces [20]. This considts ppMediators. We shall illustrate this in Section IV-A, and
of (1) a state signature? that describes which informationrefer to [18] for details on the constructs and semantics.
are used in in- and outgoing messages by defining modes foAnalogously to basic goal templates, a goal instance for a
concepts of the domain ontology along with a grounding womposite goalz (G omyposite) iS created by defining an input
a communication technology for information exchange [14pinding s for the IN-variables in the capabilit§ of G omposite
and (2) oftransition rules TR that define guarded rules for(see Section IlI-B). Apart from instantiating, this 3 also
state changes in the ASM. The client interface is constructprbvides initialization of the orchestration ASM. The input
as the compatible counterpart of the choreography interfacalues defined by the client are then subsequently forwarded
of the target Web service. It defines compatible mode® in to the subgoals and the Web services that are used for solving
along with a subset of the transition rules such that at [ea@ST (G omposite)-
one common execution path exists between the two interfaces.

Therewith, a client interface carries all information required IV. ILLUSTRATIVE EXAMPLE

for automated Web service usagef gecond requirement in  This section discusses an example for demonstrating the
Section II-A). We refer to [7] for more details on this. goal descriptions as defined above. We consider a scenario
from the travel domain, which is often used for illustration.

The client objective is to book a return flight and a hotel

As the final element in our model, a composite goal is fr a trip with the following workflow that shall be sustained
goal template that extends the formal objective specificatigfiring resolution of this goal. At first, available flights shall be
with a desired workflow that shall be sustained during tifgund, then available hotels shall be found. Then, the client
resolution of the goal. This goal template type is applied whefants to personally select the particular flight and hotel to
the specification of a desired workflow is necessary to propeB¥ booked. Finally, first the flight shall be booked and then
specify the client objective, which becomes especially relevage hotel. Figure 2 provides a graphical illustration of the
in the context of business process management [10]. desired workflow that we describe as a composite goal in the

A composite goal is defined as a tupl&..mposita = following. Thereafter, we discuss the usability of different Web
(C, Orchestration) such thatC is a capability that describesservices for solving this goal.
the ObjeCtive to be aChieVEd, amhchestration SpeCiﬁeS the With respect to space limitations, we here 0n|y model the
desired workflow that shall be sustained during the resolutigfost interesting aspects of the first two subgoals (flight and

of the goal. This workflow is a collection of subgoals alongote| search), referring to [21] for a comprehensive discussion.
with control- and data flow among them. Its meaning is

that each solution folG .omposite Must sustain the specifiedA. Goal Descriptions

sequence of states whereby intermediate states might be trg-sting 1 shows the capabilities of the subgoals as defined in
versed between each desired state. In the ASS model, §istion I1I-A. We here only model the pre- and postconditions.

means thatr € {7}g.,,. ourc If 7= (s0,---,85,---,5m) @d  An assumption would be that the origin and destination of
(s0, 85, 5m) is the desired workflow.

We formally describe the desired workflow as a WSMO
orchestration [18]. This extends the ontologized ASMs used
for choreography descriptions with constructs for specifying
the interaction with aggregated goals and Web services. The
ASMs are described by a state signat@ireand by a set of
transition rulesT'R, which are formed from a more general set
then those used for WSMO choreography. The central exten-
sion is theperformconstruct that allows to invoke aggregated
goals and Web services on the level of performances, i.e.

D. Composite Goals
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1The data level is concerned with heterogeneities between the ontologies d — control flow
used in the goal and Web service descriptions, and the process level is
concerned with behavioral mismatches. [5] explains how these can help to

establish successful Web service usage if this is not given a priori. Fig. 2. lllustration of Desired Workflow




a flight actually are the airports associated with a city; an In the orchestration, the state signature defines the concepts
effect would be that the price for a booked flight or hotel igsed in in- and outgoing messages: instance<itf and

withdrawn from the client’s bank account.

goal flightSearch capability
inputVariables {?orig,?dest,?out,?in}
outputVariables {?f}
precondition definedBy
?orig memberOf city and ?dest memberOf city and
?out memberOf dateandtime and ?in memberOf dateandtime.
postcondition definedBy
?f memberOf flight and
?f[ origin hasValue ?orig, destination hasValue ?dest,
outwardDeparture hasValue ?od, outwardArrival hasValue ?oa,
inwardDeparture hasValue ?id, inwardArrival hasValue ?ia] and
after (?od, ?out).

goal hotelSearch capability
inputVariables {?c,?a,?d}
outputVariables {?h}
precondition definedBy
?¢c memberOf city and
?a memberOf dateandtime and ?d memberOf dateandtime.
postcondition definedBy
?h memberOf hotel and
?h[city hasValue ?c, arrival hasValue ?a, departure hasValue ?d].

Listing 1. Capabilities of Sub Goals

dateandtimeare sent and received, afiight andhotelare only
received from the aggregated subgoals. The first transition rule
is concerned with the flight search. At first, the ppMediator
binds the inputs between from parent gdédhtHotelGoal

to the flightSearchgoal. Variable bindings are defined via
equality; this can be augmented with namespaces in the case of
identical variable names. Then, the fight search subgoal shall
be achieved. The second transition rule for the hotel search
works analogously. To ensure that the hotel is available on
the correct dates, the applied ppMediator binds the arrival and
departures dates for the hotel search to the respective dates of
the outward and return flights from the first subgoal.

Referring to [18] for details on the syntax and semantics, a
main merit of this orchestration description is the concurrent
handling of multiple goal instances at the same time. The
forall{?cs} guards define that the transition rule is executed
for each goal instance whose resolution process is in the
named control state. Besides, the editing and management of

Listing 2 shows the specification of the composite goal @chestration descriptions in supported by a 3-layer description
introduced in Section III-D. The first part shows the goghnguage developed in the DIP project: UML Activity Dia-
capability similar to the ones above. The second part sheyyms serve as the graphical representation laye€AseiEW
the orchestration specification, and the ppMediators that biRger handles the higher level workflow aspects, and the ASM

the inputs and outputs of the orchestrated goals.

goal flightHotelGoal
capability
inputVariables {?home,?venue,?leave,?return}
outputVariables {?f, ?h}
precondition definedBy
?home memberOf city and ?venue memberOf city and

?leave memberOf dateandtime and ?return memberOf dateandtime.

postcondition definedBy
?f memberOf flight and
?f[ origin hasValue ?home, destination hasValue ?venue,
outwardDeparture hasValue ?od, outwardArrival hasValue ?oa,
returnDeparture hasValue ?rd, returnArrival hasValue ?ra] and
after (?od, ?leave) and
?h memberOf hotel and
?h[city hasValue ?venue, arrival hasValue ?oa,
departure hasValue ?rd].
interface
orchestration
stateSignature
shared { city, dateandtime }
in { flight, hotel }
controlled { csl,cs2, ... }
transitionRules
forall {?cs} with (?cs[value hasValue csl1] memberOf control) do
perform applyMediation ppFlightSearch_input
perform subgoall achieveGoal FlightSearch
update cs[value hasValue cs2]
endForAll
forall {?cs} with (?cs[value hasValue cs2] memberOf control) do
perform applyMediation ppHotelSearch_input
perform subgoal2 achieveGoal HotelSearch
update cs[value hasValue cs3]
endForAll

[.]

ppMediator ppFlightSearch_input

source parent

target subgoall

definedBy ?orig = ?home and ?dest = ?venue and

?out = ?leave and ?in = ?return.

ppMediator ppFlightSearch_input

source parent,subgoall

target subgoal2

definedBy ?c = ?venue and ?a = ?o0a and ?d = ?rd.

Listing 2. Composite Goal Description

layer illustrated here denotes the execution layer [24].

B. Relationship to Semantic Web Service Techniques

A central feature of our goal model is that the goal template
types are orthogonal to the need for discovery (detection of
directly usable Web services) or composition (combination of
several Web services). Their usage is only dependent of the
client objective: if a specific workflow is not desired, then the
objective is described by a basic goal template. To demonstrate
this, let us consider three Web services for the example:

WS, a "trip booking Web service” where complete trips
can be searched and booked (incl. flight, hotel, etc.)

WS4 a "flight booking Web service” where flights can be
searched and booked (e.g. for a particular airline)

WS3: a "hotel booking Web service” where hotels can be
searched and booked (ewgww.hotels.com ).

Here, eitherWS, or a composition ofi¥’S, and WS35 can
be used to solve the composite goal specified ab@¥g, can
provide a solution for the composite goal when considering
the capability level. If the client interface that is constructed
with respect to the choreography interfacel@f; sustains the
workflow specified in orchestration #ifghtHotelGoal then all
relevant aspects of the client objective are satisfied.

The compositioni¥/.S, 0 WS35 needs to define an interleaved
consumption of the Web services in order to sustain the desired
workflow. At first, the search facility oS, is consumed by
the flight search subgoal, followed by the search facility of
WS35 for the hotel search; then, the flight is booked Vi&'s,
and finally the hotel vialWSs. If such a composition can be
constructed, then it can be be used to sdlightHotelGoal
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