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Abstract—Web service specifications can be quite complex, none of them alone can accomplish. Semantic annotations
including various operations and message exchange patterns. Inalone are not sufficient in this case; it becomes useful to
this work, we give a rule-based declarative representation of introduce a notion ofyoal [6], [7], [8], which can be used

services, and in particular of WSDL operations, that enables the t ide both th lecti d th it f .
application of techniques for reasoning about actions and change, 0 guide bo e seiection an € composituon of services.

that are typical of agent systems. This makes it possible to reason The introduction of goals opens the way to the introduction
on a rule-based specification of choreography roles and about the of another abstraction, that afyent Agents include not only

selection of possible role players on a goal-driven basis, and allowsthe ability of dealing with goals and of performing goal-
us t|° ?ttaCk tr:e ]Pmb'e.m of t::.ekfo'”t. acth'e"erﬁem of '”‘Ijq""d“a' driven forms of reasoning, but they also show autonomy and
goals for a set of services which animate a choreograpny. proactivity, which are characteristics that help when idgal
|. INTRODUCTION with open environments, allowing for instance a greateftfau

erance (see [9], [10], [11]).
In this work, we take the perspective of a candidate role
ayer, willing to take part to an interaction, that is ruled
y a choreography. We see such an entity aseahanced

roactive) servicemade of a declarative description of its
behavior, of the operations that it can execute, of its gf¥gls

Declarative languages are becoming very important in tlll%l
Semantic Web, since the focus started to shift from th?
ontology layer to thdogic layer, with a consequent need ofP
expressing rules and of applying various forms of reasdnin
an interest also witnessed by the creation of a W3C worki

to defi Rule Interch ForfnaParticularl . o . i .
group ‘o define a Rule Inferchange or articuiarly and with the capability of reasoning (on its own behavior) so

challenging applications concemeb services 10 build orchestationshat allow th hi tof it |
One of the key ideas behind web services is that servicgs uiid orchestationsthat aflow the achievement of Its goals

should be amenable to automatic retrieval, thus facititati proactiveness). So, for instance, a service that wishetaio

theirre-use Nevertheless, retrieval cannot yet be accomplish t&e role of the "Seller” of a ticket-purchase choreograplaym

automatically as well and as precisely as desired becau ye the a|rr1n Ofl sellméj ;'Cket‘:’h’ gugéif'tee‘?' bty playllng% the
the current web service representations (mainly WSDL [ oreography role, and have the additionaivate goalo

and BPEL [2]) and the discovery mechanisms are sema oyalizing C”ef‘ts”- Notice_that personal goals may vaigrg
tically poor and lack of sufficient flexibility. As shown byt'me’ hence, different participations (to the same charaaity

the framework presented in this papere-based declarative .Of a same agent as player of the same role) may be character-

languages and thereasoning techniqueshat they support, ized by different personal goals. For example, the flightetic

supply both an expressive formal semantics and flexibitity Iselllng service may change at some point its personal goal,

the accomplishment of the service selection task which becomes the “promotion of additional services” dadfer
The need of adding semantic layeto service descriptions by the same company. The presence of additional goals, which

is not new. Some approaches, e.g. OWL-S [3] and WSMb'ESahy UOt be dd,'[f]dosﬁ d. to thf mteragtmg Aparue;, b|a$|ef ‘ihe
[4], propose a richer annotation, aimed at representipgts € avu?r anl fte ¢ ;"C‘Tj Otha serwgsl. igrwce W; sfalh?
outputs preconditionsand effectsof the service. Inputs and on arole only after checking the possible achievemen :

outputs are usually expressed by ontological terms, Whﬁgalrgﬁg(sjtlgro.ns compose the interactionsets ofservices
preconditions and effects are often expressed by means oP P '

logic representations. Preconditions and effects are also u%%)(i}fvever, reasoning on the goals of the orchestrator alone is

in design by contractoriginally introduced by Meyer for the §uﬁ|C|ent. Indeeq, n th? context of chqreograph|es th_a
Eiffel”™ language [5]. Here preconditions are the part d}rowde a pattern of interaction among services, each c&rvi

the contract which is to be guaranteed by the client; if thIQVOIVEd has its own goals, that it tries to pursue. The meea

condition is guaranteed in the execution context of a methoqsluzs'['oonss".st;lsveg thgfug?ag?]ch _tséerr\glcee hz;s_cgr)]rc;\ézgsthtzt ttrr]}sre
then the server commits to guaranteeing that the postc’nonditI ! poss! way playing Is role, whic
holds in the state reached by the execution achievement of its personal goal, is it possible to guasante
On the other hand, there is often the need of using servu%}l f[:r? mp ?rt:tb \l/l\lltyrgfnthefer:nﬁ;wgual fsg:u“i(cjjni.tiflin;tizz\ﬁllj
not in an individual way but jointly, for executing tasks tha ne Jo orking p'an, made ot the icentiiie a
solutions, allow thgoint achievement of all the goalsf the
IREWERSE NoEht t p: // r ewer se. net interacting parties? A ticket selling service that wantsdto

2ht t p: // waw. W3. or g/ 2005/ rul es/ wi ki / Rl F_Wrking_Group some advertisement by sending a newsletter to its clierts wi



not match the aims of a client which considers this kind afnknown fluents, we use an epistemic oper&oto represent
information as spam. the beliefs an entity has about the world;f means that the

In this paper we describe the first steps of a study abdiient f is known to be trueB—f means that the fluent is
the joint achievemenf goals of a set of services, whose&known to be false. A fluenf is undefined when bothB f
interaction is ruled by a choreography. The approach reliaed—B—f hold (-Bf A =B—f). Thus each fluent in a state
on a rule-based declarative representation of the chaapbgr can have one of the three valuésie, false or unknown For
roles and of the interacting services, which extends atite sake of readability, we will add as a superscripBothe
refines the work in [8], [12], [13], exploiting the resultsalt name of the service that has the belief.
conservative matching defined in there. The framework @sabl Services exhibit interfaces, called port-types, which enak
the application of techniques for reasoning on the effe€ts set of operations available to possible clients. In our psaj
playing a role in a choreography, thus checking whether tleservice descriptions defined as a paitO, P), where O
desired personal goal can be accomplished. The representais a set of basic operations, aml (policy) is a description
is based on the logic programming language described dhthe complex behavior of the service. Analogously to what
[14], [15]. Behaviors, as roles and service policies, bujdn happens for OWL-S composite procesgess built upon basic
WSDL-like basic operations, represented as atomic actioogerations and tests, that control the flow of execution.
with preconditions and effects. ) .

The paper is organized as follows. Section Il sets tHfe Basic operations
representation of services and of choreographies that efgtad Let us start withbasic operationsAccording to the main
Moreover, it explains how it is possible to reason on sudanguages for representing web services, like WSDL and
a representation in order to allow each service to che€WL-S, there are four basic kinds of operations [17] (or
the reachability of its goals locally, i.e. by using only thetomic processes, when using OWL-S terminology [3]):

specification of the desired choreography role. Section Ill, one-wayinvolves a single message exchange, a client

tackles the joint achievement of personal goals. A running jnyokes an operation by sending a message to the service;

example is distributed along the pages to better explain the, notify involves a single message exchange, the client

proposed notions and mechanisms. Conclusions end the. paper receives a message from the service;

» request-responsavolves the exchange of two messages,
are initiated by the invoker of the operation, which sends

. ) ] ] a message to the service and, after that, waits for a
In this section, we introduce the notation that we use to response;

represent services and we discuss the problem of verifying, solicit-responsenvolves the exchange of two messages,
a personal goal. The notation, which is a refinement of the the order of the messages is inverted w.rt. a request-

proposal in [13], is based on a logical theory for reasoning response, first the invoker waits for a message from the
about actions and change in rodal logic programming service and then it sends an answer.

settingand on the languagBYnamics in LOGig described
in details in [14]. This language is designed for specifyin
agents behaviour and for modeling dynamic systems. It
fully set inside the logic programming paradigm by definin
programs by sets of Horn-like rules and giving a SLD-stng
proof procedure. The capability of reasoning about intéwac
protocols, supported by the language, has already been
ploited for customizing web service selection and compmsit
w.r.t. to the user’s constraints, based on a semantic g&isari operation(content) causes Fj (1)
of the services [14]. The language is based on a modal theory
of actions and mental attitudes where modalities are used fo
representing primitive and complex actions as well as temtgwhere E; and Ps, denote respectively the fluents, which are
beliefs. Complex actions are defined by inclusion axiom$ [1&xpected as effect of the execution of an operation and the
and by making use of action operators from dynamic logiprecondition to its execution, whileontent denotes possible
like sequence;” and test ‘?". additional data that is required by the operation. Notica th

In this framework, the problem of reasoning amounts eitheuch operations can also be implemented as invocations to
to build or to traverse a sequence of transitions betvetaies other services.
A state is a set ofluents i.e., properties whose truth value can Operations, when executed, trigger a revision process on
change over time, due to the application of actions. In gdnerthe actor’s beliefs. Since we describe web services from a
we cannot assume that the value of each fluent in a statesighjectivepoint of view, we distinguish between the case when
known: we want to have both the possibility of representintpe service is either the initiator (the operatiowokel) or
unknown fluents and the ability of reasoning about the extiie servant of an operation (the operatguppliel) by further
cution of actions on incomplete states. To explicitly reyer@  decorating the operation name with a notation inspired BY.[1

IIl. A THEORETICAL FRAMEWORK FOR REPRESENTING
AND REASONING ABOUT SERVICES

A basic operation is described in terms of é&secutability
8reconditionsand effects the former being a set of fluents
ihtroduced by the keyworgossible iy which must be con-
ined in the service state in order for the operation to be
pplicable, the latter being a set of fluents (introducedhgy t
k(;(ywordcauseis which will be added to the service state after
fre operation execution. Syntax for basic operations is:

operation(content) possible if P, 2



The two views areomplementaryso if one view includes the Invoker Supplier

act of sending a message, the other correspondingly inglude Bmin Requirements
a message reception. With reference to a specific service, Preconditions | - [ e

operation” denotes the operation from the point of view of operationr

the invoker, whileoperation< denotes the operation from — ‘ ________

the point of view of the supplier. The view of operations Bse”;(rg“”t’ :zi"t

that is used byinvoker is given in terms of the operation Effegtus Bseonut(mout)
inputs, outputs, preconditions, and effects as usual foas¢ic Side effects
web services [3]. In the next part of this section, inputs and

outputs are represented as single messages for simplidity b Fig. 1. The request-response basic operation.

the representation can easily be extended to sets of exetiang
data, as in Example (1I-C). In this case, preconditiéhisn (2)
and effectsE, in (1) are respectively the conditions requiregurrent state (a). The execution of the invocation bringsuab
by the operation in order to be invoked, and the expectde effectsF; (c), and the invoker will know the received in-
effects that result from the execution of the operation. Férmation (b). Using OWL-S terminologys,.; represents the
what concerns the view of theupplier, also in this case outputof the operation, whilé’, and E; are its preconditions
the operation is described in terms of its inputs and outpugnd effects. Notify operations have no input. Huppliermust
Moreover, we also represent a set of conditions that enabieet the requirement8, (e). The execution of the operation
the executability of the operation. In order to distinguisam simply causes the fact that the supplier will know the messag
from the above, in this case we uge, instead of P, in to send (f) and that it has sent some information to the invoke
(2), calling themrequirementsFinally, we represent a set of(g). As above, we allow the possibility of having some side
conditions that constitute theide effectof the operation. In effects on the supplier’s state (h).
this case we usé, instead ofE; in (1). For example, &uy 3) Request-responsen request-response operations (see
operation of a selling service has as a precondition the fadgure 1), theinvoker requests an execution which involves
that the invoker has a valid credit card, as inputs the credignding an informatiomn;,, (the input, according to OWL-
card number of the buyer and its expiration date, as outputStterminology) and then receiving an answey,,; from the
generates a receipt, and as effect the credit card is chargagplier (the output in OWL-S). The invoker can execute
From the point of view of the supplier, the requirement to thiéie operation only if the preconditionB; are satisfied in
execution is to have an active connection to the bank, and itg current state and if it owns the information to send (a)
side effect is that the store availability is decreased evtiie (see Table I). The execution of the invocation brings about
service bank account is increased of the perceived amounthe effectsE, (d), and the fact that the invoker knows that
Let us now introduce the formal representation of the four has sent the inpuin,, to the supplier (b). One further
kinds of basic operations (for each operation we report bogffect of the execution is that the invoker knows the answer
views) and of complex operations. returned by the operation (c). This representation alistrac
1) One-way: In one-way operations, thivoker requests away from the actual message exchange mechanism, which
an execution which involves sending an informatien, to is implemented. Our aim is to reason on the effects of the
the supplier; the invoker must obviously know the inforroati execution on the mental state of the parties [15]. As for one-
to send before the invocation (a) (see Table I). The invoker cway operations, theupplier has the requirement®, to the
execute the operation only if the preconditions are satisfie operation execution (e). It receives an input, from the
its current state (a). The execution of the invocation kwingnvoker (f). The execution produces an answey,; (9), which
about the effects, (c), and the invoker will know that it is sent to the invoker (h). As usual, it is possible to have
has sent an information to the supplier (b). Using OWLsome side effects on the supplier's state. On the supplier's
S terminology, m;, represents thenput of the operation, side, we can notice more evidently the abstraction of the
while P, and E, are its preconditions and effects. One-wayepresentation from the actual execution process. In feet,
operations have no output. On the other hand, ghgplie; do not model how the answer is produced but only the fact
which exhibits the one-way operation as one of the servictigt it is produced.
that it can execute, has the requiremeRis(e). The execution 4) Solicit-responseWith ref. to Table I, in solicit-response
of the operation causes the supplier to know the informati@perations, thenvoker requests an execution which involves
sent by the invoker (f). We also allow the possibility of hayi receiving an informatiomn,,,; (the output, according to OWL-
some side effects on the supplier’s state. These effectsatre S terminology) and then sending a messagg to the supplier
to be confused with the operation effects described by IOPe input in OWL-S). The invoker can execute the invocation
and have been added for the sake of completeness. only if the preconditionsP, are satisfied in its current state
2) Notify: With ref. to Table I, in notify operations, the (a). The execution of the invocation brings about the effect
invoker requests an execution which involves receiving af; (e). The invoker receives a messagg,; from the supplier
informationm,,; from the supplier. The invoker can executéb) then, it produces the input information,,, which is sent
the operation only if the preconditions are satisfied in it® the supplier, see (c) and (d). As for notify operationg th



Operation | Invoker’s view Supplier's view
One-Way (@) operationz, (m;y) possible if Blnvokeryy. A P, (e) operationS, () possible if Rs
(b) operationz, (m;,) causes BInvoker sent(myy,) (f) operation, (m;,) causes BSuppliery,
(c) operatlon>> (min) causes Ej (9) operatlon<< (min) causes Ss
Notify (@) operation;” (moyut) possible if Ps () operation < (moy:) possible if R
(b) operation?f(mout) causes BInvokerp, . ) operationff(mout) causes BSuppliery, .
(c) operation;”” (moyt) causes Ej (9) operation & (moyt) causes BSUPPLCT sent(moy1)
(h) operatlon<<(mout) causes S
Request- (@) operationZ.(mn, moyt) possible if BInvokery, A Py | (e) operation S (min, moyt) possible if Ry
response | (b) operatlonrr(mm,mout) causes BI™U°FTsent(my,) ® operatlonw(mm,mout) causes BSupplicry,
(c) operatlon (mm,mout) causes BInvokery, . (9) operation (mm,mouz) causes BSuppliery, .
(d) operation»(mzn,mout) causes F; (h) operatlon<<(mm,mout) causes BSUPPLeT sent(m,py)
(i) operation:S.(mn, mout) causes Ss
Solicit- (@) operatlon (mm,mom) possible if Pg (0] operatlon (mm,mouf) possible if RS‘
response (b) operatlon > (Min, Mout) causes Blnvoker,, . (9) operatlonsr(mm,mout) causes BSuppliery, .
(c) operationZ (mn, Mout) causes Blnvoker, (h) operation< (M, Mout) causes BS“ppli”sent(mout)
(d) operation (M5, Mout) causes BInvokersent(m,) (i) operationS:(mn, Mout) causes BSuppliery,
e) operationZ (m.n, Moyt) causes Es I) operationS (M, Mout) causes S
ST
TABLE |

THE REPRESENTATION OF THE FOUR KINDS OF BASIC OPERATIONS IN BPROPOSED FRAMEWORKEACH OPERATION IS GIVEN IN TERMS OF ITS
PRECONDITIONS AND EFFECTSFOR EACH OF THEM WE REPORT BOTH THE INVOKERS VIEW AND THE SUPPLIERS VIEW.

supplier must fulfill the requirementsk, (f). The execution
causes the supplier to know the information to send (g) and
that it has sent such information to the invoker (h). Morepite
produces also the knowledge of the informatiar), received
from the invoker (i). Side effects on the supplier's state ar
allowed ().

B. Service policies and choreography roles

The framework accounts also famomplex behaviorghat
require the execution of many operations. A service pahcy
is a collection of clauses of the kind:

®)

wherepy is the name of the procedure apdi =1,...,n,is
either an atomic action (operation), a test action (denbted
the symbol?), or a procedure call. Procedures can be recur5|¥e

Po is Pis---5Pn

fIightList=searchFIightrr(dep,arr,dateL

flight=askChosenFlight()

alt
noBusinessqyy (reason)

chosenMethod=
choosePayment rr (payMethods)

A

resNum=doPayment
(credentials,paylnfo)

miles=askForMiles , ()

A simple choreography for reserving a flight, exprdsase a UML

and are executed in a goal-directed way, similarly to strzmdasewe'nce diagram.

logic programs, and their definitions can be non-deterrimis

as in Prolog. Complex behaviors are used also for represent-
ing choreography roles. Generally speaking, we represent a
choreographyC as a tuple(R,...,R,) of interacting and
complementaryoles, each roleR; being a subjective view of
the interaction that is encoded. operations are represented as normal basic operations, in
Also a role R is represented by a pai©®,P). The dif- terms of their preconditions and effects. This is one of the
ference with services is that it composspecificationsof advantages of adopting a logic language: it allows handling
operations and not implemented operations. The player iofplementations and specifications in the same way. In our
each role has to supply appropriate implementations. We cedise, both operations and operation specifications ara give

such specificationsinbound operationsFormally, unbound terms of their preconditions and effects.



C. Flight-purchase it waits for being asked about the preferred flight, chosen
ghts list obtained by the previous operation

As an example, let’s consideearchFlight, an operation of among the fii < , . ) ; )
t;,>). This evaluation can give either a negative

a flight reservation service, which is offered byseller and (aSkChose"hF“gh o S Huciness>
can be invoked by &uyerto search information about fIightsOUtt(;]Omet’ er}[pe the |trjteract|qtr1h |tsh|nter|rupiFe HL;S,[':]essow
with given departuredep) and arrival locationsdpr) plus the or the Inteéraction continues wi e selection of the payme

<
date of departured@ite). From the point of view of the buyer, Method éhossepaymgnt”)a Thenh, the db“.y?r per;orénsbthe
the operation, which is of kind request-response, is: payment. do ay.ment”) and, a>t>t e end, it Is notified about
the obtained milesagkForMiles; ).

(@) searchFlight” ((dep, arr, date), flightList) possible if

BUer dep A BUUYer g A BYUYET daten D. Reasoning on goals
BPuyer _sellingStarted In the outlined framework, it is possible to reason about
(b) searchFlight™ ((dep, arr, date), flightList) causes personal goals by means of queries of the fdrn after p,
B sent(dep) A BUYeT sent(arr) A whereFs is thegoal (represented as a conjunction of fluents),
BY“er sent(date) that we wish to hold after the execution of a poligy
(c) searchFlight” ((dep, arr, date), flight List) causes Checking if a formula of this kind holds corresponds to
Bbwer flight List answering the query: “Is it possible to execyten such a
(d) searchFlight ™ ((dep, arr, date), flightList) causes way that the conditionFs is true in the final state?”. When
BPuwyergellingStarted the answer is positive, the reasoning process returns aisegu

) ) ) of atomic actions that allows the achievement of the desired
The inputs of the operation arkp, arr, anddate, while the  condition. This sequence corresponds to an execution tface
output is flight List. In this case the sd®, contains only the he procedure and can be seen ataa to bring about the goal
belief B"*v*" =sellingStarted (in bold text above) while the gy This form of reasoning is known asmporal projection
setE of effects contains the belid"¥“" sellingStarted (in Temporal projection fits our needs because, as mentioned in

bold text as well). o _the introduction, in order to perform the selection we need
~ From the point of view of the supplier, instead, the operatioy mechanism that verifies if a goal condition holds after the
is represented as: interaction with the service has taken plaé®. is the set of

(@) searchFlightS:((dep, arr, date), flightList) possible if facts that we WOUld like to hold “afterf)' i
Reasoning is done by exploiting a goal-directed proof

true . . .
(b) searchFlight<((dep, arr, date), flightList) causes procedure (denoted by-" in the following) designed for
Bselle’r'de;r/\ Beeller grp A Boeller gate the languageDYnamics in LOGid15], [14], which supports
(C) searchFlight<((dep, arr, date), flightList) causes both temporal projection and planning and allows the prdof o
Bsellerfl,;;htList ’ existential queries of the kind reported above. The proeedu
(d) searchFlight<((dep, arr, date), flightList) causes definition constrains the search space. In particular, foatw
B“””‘se}%(fligl;tLi:st) ’ concerns planning, the proof procedure allows the aut@mati

extraction of linear or conditional plans for achieving theal
In this case the set8; andS, of requirements and side effectsof interest from an incompletely specified initial state.
are empty. The operation expects as input the departure andet (O, P) be a service description. The application of
arrival locations and the date of the flight, and it producaemporal projection tgP returns, if any, an execution trace
a flightList, which it sends to its customer, so after th¢a linear plan), that makes a goal of interest become true. Le
operation the belieBs¢!!“"sent(flightList) will be in its us, then, consider a procedyréelonging to” and denoting

belief state. its top level, and denote bg the queryFs after p. Given
buyTicket is, instead, an example of procedure implemented statesy, containing all the fluents that we know as being
by a possible buyer service: true in the beginning, we denote the fact that the qu@ry

is successful in the service description 6D, P), so) F Q.
The execution of the above query returns as a side-effect an
execution traces of p; the execution trace is a sequence

(a) buyTicket is
searchFlight”((dep, arr, date), flight List);
askChosenFlightS(flight);

evaluatoAndB ai,...,ay, Of atomic actions. We denote this by:

valu ndBuy.

(b) evaluateAndBuy is ((O,P),50) FQ w.a.o (4)
noBusiness_, (reason).

where “w.a.” stands fowith answer

For example, suppose that the initial state of the
service bl is sg = {B'Wdep, B®erarr, BYWer date,
BYwer de ferred Payment Pos, Bbwer—sellingStarted,
B¢ credentials}, (all the other fluents truth value
First, it invokes an operation for searching flights that-cors “unknown”). This means thatl assumes a date, a
respond to a given specificatiosegrchFlight”). After that, departure location, an arrival location, the fact that it is

(c) evaluateAndBuy is
choosePayment S (pay M ethods, chosenMethod);

doPayment_” ((credential, payInfo), resNum);

askForMiles=” (miles).



possible to defer the payment to the departure (at a deske choreographies. To this aim, let us introduce a fewulsef
at the airport), and that no selling process has started yebtions.
The goal ofbl is to achieve the following condition?) =
{BPwersellingComplete, B®Y¢"resNum} after buyTicket
Intuitively, the buyer expects that, after the interactiwill
have a reservation number as a result.

By reasoning on its policy and by using the definitions
the unbound operations that are given by the choreography,Given an operatioru, we denote bya its complementary

Definition 1 (Compatible execution traced)et
o = ap;...;a, and o’ = a;...;a, be two execution

traces, we say that is compatibleto ¢’ iff for each operation
o‘%i in o the corresponding’ in ¢’ is its complementary view.

can identify an execution trace, that leads to a state wiereoperation. For instance, in Example ll-&@archFlight;, is
holds: complementary t(};earchFIightfﬁ and vice versa. We extend
the notion of complementarity to execution traces, so the
o = searchFlight.” ((dep, arr, date), flight List); complementaryz on an execution trace is the sequence
askChosenFlight;s (flight); made of the operations that are respectively complementary
choosePayment S (pay M ethods, chosenMethod); to those ofo.
doPayment,> ((credential, payIn fo), resNum); When a service plays a choreography role, it must supply
askForMiles;” (miles) a set of operations that will substitute the corresponding

SF§pecifications, thus producing a service policy. L@t P) be
t a service description, and |6, be a subset of), containing

does not influence the belief about the deferred paymeHfiPound operations that are to be supplied by a same role
which persists from the initial through the final state and players;. Let Os, be the set of such operations, that are bound
not contradicted. to the operations ir0,,. In casesS; is the player of(O, P),

they will be operations decorated kg, otherwise they will
be > operations. We represent the binding by the substitution
6 = [0s,/0:] applied to(O,P). Notice that by[Og, /O]

So far, we have talked about goals, whose achievemewg identify a set of substitution®/o,] of single service
motivates the participation of a service to a choreogragthy.operations to single unbound operations. The application o
is, in fact, reasonable that a service may decide of taking onthe substitution is denoted K0, P6), where every element
role only if by doing so it will have the possibility of satishg of O? is substituted by/bound to an element(@f; .
its purposes. In our proposal a service takes this decisionWhen the matching process is applied for selecting a service
based on knowledge that includes a public role representatthat should play a role in a choreography, the desire is that
and a representation, given in terms of preconditions atite substitutior(of the service operations to the specifications
effects, of its own operations, part of which will substiut contained in the choreographpgjeserves the properties of in-
some specifications contained in the role description. Moterest i.e. the goals that could be entailed before by reasoning
generally, a choreography is made of many roles, that aye each role description separately should be still achieva
played by different services, each of which has its own godihus, we rely on the notion ofonservative substitutioby
The question we try to answer here is whether it is possilsle fBaldoni et al. in [13].
this team of enhanced proactive services to reach an agnéemelet us, now, consider two-role choreography and see how
about their possible executions so that in the team all ahthehe servicesS; and S, can identify a set of compatible traces,
will achieve their personal goals. As observed in [19], [2] whose execution allows the achievement of both their peison
team can achieve a goal if there igant working planthat goals. The mechanism we are going to describe can be
can achieve the goal. extended to more complicated choreographies. However, we

For example, consider a choreography= (R;, R;) and do not discuss the case, due to the lack of space, concerning a
two services, interested to play respectivéty and R, for number of roles more than two. Suppose thiahas identified
achieving the goal€y; and G,. By applying the described an execution trace that allows the achievement of its goal
reasoning technique, the two services might both find th&k:, and it has verified that the substitutiod§" and §%
they can achieve their personal goals, one by following tlee conservative (the two substitutions involve disjoitsof
execution tracer;, the othero,. The problem is that; and unbound operations by construction). Therefore, it now has
o2 might not be compatible, e.g. one invokesaration™, an execution traced? 6% that does not contain unbound
when the other side does not include the corresponding exgerations. Before executing it, its candidate partsiemust
cution of operation<. agree on executing the complementary traad® 072, Of

In some cases, such compatible execution traces might aetirse, So might have its own goalFs, which should be
exist. In others, each party may have a set of alternatjve achieved with the execution of the top level procedure of
available, part of which are indeed compatible with exemgi the role R, that we here calp,. Therefore, the following
traces identified by the partner. The problem, then, becamesonditions must be verified:
converge to a common solution that allows for the achievémen 1) o6%:6%2 must be an execution trace pf;
of both goals. Let us discuss these issues, focusing on two2) after executingr6716%2 the goal F’s, must hold.

This is possible because in a declarative representatiecr
ifications are executable. Moreover notice that this exeou

[11. JOINT ACHIEVEMENT OF PERSONAL GOALS



R Ra An interesting issue is whether there is agyaranteethat

- both partners will stick to execution traces that arelih
a > In game theory words [26] and considering a choreography
b1 as a set of game rules, ¥’ an equilibriun?? Generally, the
2 answer is no. It might, in fact, be the case tlsathas some
— 5 execution trace, that is not containeddin but allows anyway
< the achievement of its goal: at some point of the execution of
bs an agreed trace§s might decide to continue with an unagreed
action, because such action is particularly convenienitfex

related issue is whether a service hadoaninantstrategy, i.e.
Fig. 3. RoleR; takes a decision about invoking operatienor a» on R,. @N €Xxecution trace such that all of the alternative courées o
In the former caseR, will subsequently invoké; over Ry; in the latter, it action, that its partner has, belong . For instance, with
\(I)VfI”b;aI;?l a;;ljemsmn and choose between the invocatiobyadr the invocation | afarence to Figure 3, let us suppose thatontains the exe-
' cution tracesi;; b1 andas; bo. In this case, the execution trace
ay1; by is dominant forS; because the only possible answer

. . . ) of Sy is b; and the overall trace allows the achievement of
The first condition is guaranteed by the assumption th%th goals. Instead, the execution tragebs is not dominant

the choreography is weII—defingd, i.g. roleg are interdglera becauseS, has the possibility of deciding to executg in
and that the services that will anlmat_e it are conform Witernative tob, and the traceus: b; does not belong ta'.
the corresponding roles. The expectgtlon that the roles e existence of a dominant strategy depends on the goal
a choreography are by const_rucn_on interoperable and ti@ﬁ.ét one wants to satisfy, on the choreography, and on the
services are conform to them implies that, for any executiofienified substitutions. The derivation that we have pesgb
trace that a party can execute, its partner has a comp]emen@ not focussed on the identification of dominant stratedies
egecunc_)n trace. I_nt_eroperablllty is a hot res_earch isAle. general, and differently than what happens for equilitthie,
discussion about it is out of the scope of this work but thg, qision whether an execution trace is a dominant strategy ¢
interested reader can take a look at [21], [22], [23], [24]. g taken without knowing the goal of the interlocutor. Indlee
The second condition is to be verified by, by rea- g3 strategy is dominant if any action that the interlocutan ca
soning on its goal, i.e. by verifying thatR,0%16%2,s0) = perform, lead to an execution trace which still belongs¥o
Fsy after o067z, wheres, in this case is the initial state Thus a service which has a dominant strategy has the guarante
of S and 91072 represents the substitution obtained frony have a way to reach his goal. Therefore, it can be taken by
671972 py using the complementary views of the involved, service individually.
operations. Notice that the above reasoning is much simplefanother interesting problem concerns preference criteria
than the one executed gn becauseS; only has to check if that services may apply in order to rank a set of strategies.
the goal is satisfied aftef has been executed. The reasoningupposing that the two services decide to behave well and
applied top:, instead, was aimed at identifying such a tracee execute a trace which is in the agreement, how can they
To increase the probability of reaching an agreement, wenverge to a best-compromise agreement? One criteridd cou
can imagine thatS; produces a set of alternative executiobe to select the trace which entails the minimum number
traces?], each of which allows the achievement Bt;, and of effects. For example, one can imagine that a buyer of a
then propose them t&,, that will restrict them to a set flight ticket prefers a trace at the end of which it has simply
of alternativesY’ C 3, satisfying both goals. It is worth bought the desired ticket w.r.t. one in which it has addaibn
noting that, in general, the set of alternative executiacds been registered in the advertisement mailing list of thenflig
might not be finite. Moreover, the derivatiom)(is semi- company. This issue will be part of our future works.
decidable unless the choreographies are properly restrict As a final remark, negotiationdoes not substitutehe
for instance by focussing onto regular sets [15]. Indeedyymaexecution of the choreography but it rather concerns checki
choreographies are of this kind [25]. This interaction kegw the possibility of, in this case, achieving all of the godike
the services, proposed so to allow the joint achievement fatt that the two services converged to a set of promising
their goals, can be seen as a kindnefjotiation[26], [27]. In execution traces does not imply that, after starting thé rea
case no other preference criterion is introduced, iitdfferent execution, they will be able to stick to them. The reason is
which of the execution traces i’ will be followed, and that those traces were identified by making assumptions on
it is not necessary to perform any further negotiation stdépe values returned by tests and conditions, which cannot be
because the choreography is respected by both partners [RApwn in advance. The actual results of such tests, obtained
and Y’ is known to both of them. Whatever the initiator ofat execution time, could be different than the assumed ones.
the interaction will be, they know how to behave to allow th&he additional valueof performing the negotiation is double:
mutual achievement of their personal goals, although ndnean the one hand, it is possible to avoid the interaction with
them can make a commitment on a specific execution trggartners with which the agreement cannot be reached atall, o
because both take choices that contribute to its definition. the other hand, each partner has the means to understand when




the interaction takes an unagreed path and decide acclyding Some correspondences with the technique “Planning as
for instance concluding that it is better to stop the inteomc Model Checking” proposed in [30] can be investigate. In
this approach, the planning domain is a semantic model, the
V. CONCLUSIONS planning problem is represented through a set of globa¢ stat
and plan generation is done by checking whether suitable
The coordination of a set of autonomous, cooperating agefégmulas are true in a semantic model. However, deal with
is well-known and crucial in multi-agent systems researclieb services that have to cooperate in order to reach their
[27]. Solutions proposed in the literature are, for examplewn goals seems to be more complicated. Indeed, planning
coordination as gost-planning proceg28], where constraints has to be performed by each service on its own, ignoring
are checked after the plan has been found, and the usenef which are the goals and which will be the substitutions used
versation moderator§29], which guarantee that achievemenpy the interlocutors. At the end, the chosen plan must be
of shared objectives. convenient for every service involved. Instead, by means of
Along this line, this work tackles the problem of allowingthe mechanism proposed in this paper planning is made only
a set of independent services, which must cooperate in #he one service and the resulting set of compatible plans, at
context of a given choreography, to reason about the joiife end of the negotiation, allows everyone to achieve its ow
achievement of their goals. The approach that we propageal.
implements a simple form ofegotiation inspired by [20],  Some similarities can be found also with the proposal by
[19]. There are, however, some important differences et Son and Sakama [31], that concerns the process of creating
work by Ghaderi et al. The first is that the behavior of oug joint plan in a MAS. They define a joint plan as one in
services is ruled by a choreography, which specifies all thghich there are someooperative actionsi.e. actions that
possible interactions that can occur. The assumption i th@e mutually requested/offered by agents. Indeed, also the
when services play choreography roles, they commit to keggtions involved in a protocol can be seen as cooperative
their behavior adherent to the role specification. Ghaderi gctions, in the sense that a service is not able to achieve
al., instead, do not use or represent choreographies or otfi¢ goal on its own, and needs the “cooperation” of other
kinds of interaction protocols: the reasoning processidens services. The main difference between the two proposals is
all the possible execution traces that can be composed @ut @hat a protocol defines not only which actions can be invoked
set of atomic actions. Moreover, even when an executioefragn other services, but also when this can occur. One of the
that allows the joint achievement of goals, is identifiedréhe advantages of choreographies is that they limit the number
is still the need of adding coordination mechanisms thatall of possible plans, restricting the search space of a joant.pl
its actual execution. In our case, the necessary coordmatMoreover, condition 1) in Section Il is guaranteed by thet fa
that makes the cooperation of the services possible is isgbpkhat whatever execution trace one of the partners focuses on
by the choreography. The other assumption that we maketh@ other surely has a compatible one, if all of the interagti
that the roles that compose a choreography are interogeraplrtners are conformant to the choreography and this is made
Interoperability is a hot research topic that is orthogdodhe of a set of interoperable roles.
problems faced in this work. Some analogies can be found also with the case in which
Moreover, in the work by Ghaderi et al. each agent reasopstocols are defined bgocial commitment$32]. Indeed,
also for the partner, because the two agents share a commoBommitment is a “promise” of an agent to another on
goal and a common state. The method, when successful, idgsrforming some actions. A protocols defined by commitments
tifies a set of joint plans, that correspond to preferredegias does not specify when actions are to be taken. However, sn thi
for the agents. These are obtained by the iterative elimoinat case there is a common knowledge (i.e. the commitments) that
of dominated strategies. In our framework each partner dagshstrain somehow the behaviour of the involved partiess Th
not have knowledge about the goals of its interlocutor, asechanism can guide the reasoning process in a better way.
it is reasonable to suppose for web services; therefore, fageed the reasoning is not on the belief that one agent has on
execution traces that we identify are not necessarily dantin the others —e.g. | believe that if he has provide this actiens
For example, a greedy partner may take an action (if thell do it—, but is on the obligation one agent has taken: kno
protocol includes it) that is not in the agreement but thiainad  that he has taken the obligation of performing this actioemvh
the immediate achievement of its own goal. This behavior iswill ask him. Of course, this does not mean that the action
however, not convenient over the long run because the formgifl be executed when required. Indeed, actions are defimed i
partner knows the choreography and knows the agreed tracegmns of preconditions. Thus, its is possible that a coouliti
therefore, it has a way ahonitoring the on-going course of js not satisfied when the action should be executed.
interaction. As soon as it realizes that the partners hasitiev
from the agreed traces, it can take appropriate action, e.g. REFERENCES
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