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Preface

The Multi-Agent Logics, Languages, and Organisations Federated Workshops
(MALLOW for short), in its second edition this year after the success of MAL-
LOW’007 held in Durham (UK), is a forum for researchers interested in sharing
their experiences in agents and multi-agent systems. MALLOW’009 was held
at the Educatorio della Provvidenza, in Torino (Italy), from September 7th, 2009
through September 10th, 2009.

In particular, this edition includes the workshops:

— Agents, Web Services and Ontologies, Integrated Methodologies (MALLOW-
AWESOME’009);

- Coordination, Organization, Institutions and Norms in Agent Systems &
On-line Communities (COIN@MALLOW’009);

— Formal Approaches to Multi-Agent Systems (FAMAS’09);

- LAnguages, methodologies and Development tools for multi-agent systemS
(LADS’009);

— Multi-Agent Systems and Simulation (MAS&S’09).

MALLOW-AWESOME'009 wants to stimulate discussion among researchers
working on Agents, Web Services, and Ontologies, in order to help the identifi-
cation and the definition of Methodologies for integrating them. The realisation
of distributed, open, dynamic, and heterogeneous software systems is, in fact,
a challenge that involves many facets, from formal theories to software engi-
neering and practical applications. Scientists in various research areas, such as
Semantic Web, Web Services, Agents, Ontologies, are attacking this problem
from different perspectives. MALLOW-AWESOME’009 attempts to provide a
discussion forum for collecting and comparing such diverse experiences with
the aim of fostering cross fertilization.

COIN@MALLOW'009 belongs to the COIN workshop series, which brings
together the topics of coordination, organization, institutions and norms in the
context of multi-agent systems. This edition of COIN focusses on these issues
in the context of on-line communities, where we seek contributions that explore
the dimensions of social, legal, economic and technological norms as they affect
agent-agent, agent-human, human-human interactions.

FAMAS’09, the fourth edition of the FAMAS workshop series, after FAMA-
S’03 affiliated to ETAPS’03 in Warsaw, FAMAS’06 affiliated with ECAI'06 in
Riva del Garda, and FAMAS’007 affiliated with MALLOW’007 in Durham, aims
at bringing together researchers from the fields of logic, theoretical computer
science and multiagent systems in order to discuss formal techniques for spec-
ifying and verifying multi-agent systems.

LADS’009 aims to offer a rich forum for leading researchers, from both
academia and industry, interested in sharing their experiences about the theory
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and practice of formal approaches, programming languages, tools and tech-
niques that support the development and deployment of multi-agent systems.
These are gaining increasing attention in important application areas such as
electronic institutions, semantic web, web services, security, grid computing,
ambient intelligence, pervasive computing, electronic contracting, among oth-
ers.

MAS&S’09 aims at providing a forum for discussing recent advances on the
integration of Simulation and Agent Oriented Software Engineering (AOSE)
methodologies and techniques for the analysis, design, validation and imple-
mentation of Multi-Agent Systems.

MALLOW’009 has hosted also a special event, the COST AT Argumenta-
tion Day, organized by Guido Boella and Leendert van der Torre. The event
discussed new directions in argumentation, such as temporal dynamics, fibring
of argumentation frameworks, modal logics of argumentation, modal provabil-
ity foundations for argumentation, etc. The day was opened by one of the four
MALLOW’009 invited speakers, Dov Gabbay.

Besides Dov Gabbay, the organizers were very honored to have also Fabio
Bellifemine, Alexis Tsoukias, and Franco Zambonelli as invited speakers.

Following the tradition of the previous edition, MALLOW’009 was part of
Agents’009 that includes also EASSS’09, the eleventh edition of the European
Agent Systems Summer School.

This volume contains the proceedings of the five workshops, for a total of
forty-seven high quality papers, which were selected by the programme com-
mittees of the workshops for presentation. The volume is organized as follows.
Besides this overall presentation, each workshop has an introductory essay, au-
thored by the organizers, which presents the workshop, lists the programme
committee members and additional reviewers, the accepted papers with their
authors, and the workshop sponsors. It is followed by the workshop papers.
The table of contents of this volume reports, for each workshop, the page num-
ber of its introductory essay and the first page of the workshop papers.

We would like to thank all authors for their contributions, the members
of the Steering Committee for the precious suggestions and support, and the
members of the Programme Committees and the additional reviewers for the
excellent work during the reviewing phase, the sponsors, the head of the Edu-
catorio della Provvidenza, and all the persons who helped the organization of
this event.

August 22th, 2009
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Cristina Baroglio
Jamal Bentahar
Guido Boella
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Abstract

Following the success of the previous edition held in Durham in 2007, MALLOW-AWESOME’009 wants
to stimulate discussion among researchers working on Agents, Web Services, and Ontologies, in order to help
the identification and the definition of Methodologies for integrating them. The realisation of distributed, open,
dynamic, and heterogeneous software systems is, in fact, a challenge that involves many facets, from formal theories
to software engineering and practical applications. Scientists in various research areas, such as Semantic Web, Web
Services, Agents, Ontologies, are attacking this problem from different perspectives. MALLOW-AWESOME’009
attempts to provide a discussion forum for collecting and comparing such diverse experiences with the aim of
fostering cross fertilization.

I. INTRODUCTION

MALLOW-AWESOME’009 is at its second edition this year, the first edition has been held in Durham,
UK [1]. It was born for stimulating discussion among researchers and practitioners working on Agents,
Web Services, and Ontologies, in order to help the identification and the definition of Methodologies for
integrating them.

The realisation of distributed, open, dynamic, and heterogeneous software systems is, in fact, a challenge
that involves many facets, from formal theories to software engineering and practical applications. Sci-
entists in various research areas, such as Semantic Web, Web Services, Agents, Ontologies, are attacking
this problem from different perspectives. MALLOW-AWESOME’009 provides a discussion forum for
collecting and comparing such diverse experiences with the aim of fostering cross fertilization.

MALLOW-AWESOME’009 was in Torino, Italy, held as part of MALLOW’009, the second edition of
Multi-Agent Logics, Languages, and Organisations (Federated Workshops), in Torino, Italy.

This volume contains the six papers and the three extended abstracts that have been selected by the
Programme Committee for presentation at the workshop. Each paper received at least three reviews in order
to supply the authors with a rich feedback. The contributions submitted to MALLOW-AWESOME’009
cover hot topics in the fields of rule-based declarative representation of services, web service a-priori
composition and synchronisation, methodological issues, extensions to SOA/WS systems with agents’
features, extensions of agent platforms with workflow management, applications.

Selected and expanded papers will be published as a special issue in a high-quality international journal:
negotiations with the editors are still on their way.
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Joint achievement of services’ personal goals

Matteo Baldoni, Cristina Baroglio, Elisa Marengo, Vivianattf, Claudio Schifanella
Dipartimento di Informatica — Universitdegli Studi di Torino
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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 iti f .
application of techniques for reasoning about actions and change, 0 guide bo . € compaosilion or 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 agent 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 to attack the problem of the joint achievement of individual  §.iven forms of reasoning, but they also show autonomy and
goals for a set of services which animate a choreography. proactivity, which are characteristics that help when idgal

I. INTRODUCTION with open environments, allowing for instance a greatettfau

Declarative languages are becoming very important in ﬂtl%lleratrr:ge (SeE [, [tloll’ [tlhl]). i f didat |
Semantic Web, since the focus started to shift from thei n this work, we take the perspective ot a candidate roie
ayer, willing to take part to an interaction, that is ruled

ontology layer to thdogic layer, with a consequent need ofP .
expressing rules and of applying various forms of reaso’“r,1in§y a choreography. We see such an entity aseahanced
b

an interest also witnessed by the creation of a W3C worki roactive) servicemade of a declarative description of its

group to define a Rule Interchange ForfaParticularly hav!or, of the ope_r_atlons that |t_can eXE."CUte’ of its gmls
and with the capability of reasoning (on its own behavior) so

challenging applications concemeb services 0. build orchestationshat allow th hi tof it |
One of the key ideas behind web services is that servicgs uiid orchestationshat aflow the achievement of 1ts goais

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

theirre-use Nevertheless, retrieval cannot yet be accomplish lEP roiﬁ of t_he ?(E"e{r of ?. t'lf kte t”-purchascf cf&orl;)eoglrap.myTh
automatically as well and as precisely as desired becau ye the aim of 'sefiing lickels ', guaranteed by playing the

the current web service representations (mainly WSDL [ oreography role, and have the additionaivate goal of

and BPEL [2]) and the discovery mechanisms are sema yalizing clients”. Notice that personal goals may vatgray

tically poor and lack of sufficient flexibility. As shown by 'M€: hence, different participations (to the same charaity

the framework presented in this paperie-based declarative pf 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 Isellmg service may change at some point its personal goal,

the accomplishment of the service selection task which becomes the “promotion of additional services” adtier
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 wsmaY not be disclosed to the interacting parties, biases the

[4], propose a richer annotation, aimed at represeritipgts gﬁh;\r/g; (E)lzld g;;rcgr?;isn Ofﬂ?e S?)r;/:belé Aacizvg:r?]evr\:;”sﬁlr(f
outputs preconditionsand effectsof the service. Inputs and _. only ng possi eV !
{gal condition.

outputs are usually expressed by ontological terms, whil hestrati the int tionsefs of .
preconditions and effects are often expressed by means oPrC estrations compose the Inleractionsels olservices. -
ever, reasoning on the goals of the orchestrator alone is

logic representations. Preconditions and effects are also ug&o(?/v

in design by contractoriginally introduced by Meyer for the no §uﬁ|C|ent. Indeeq, n th? context of chgreograph|e$ th'a
Eiffel”™ language [5]. Here preconditions are the part rovide a pattern of interaction among services, each @®rvi

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

condition is guaranteed in the execution context of a metho%uesuon is: even though each service has proved that there

then the server commits to guaranteeing that the postctondit'sr? pOSSIblte }Nf"tly of playllng 't‘T‘ _rolt.at, Whlqgl Ietads to thte
holds in the state reached by the execution. achievement ol its personal goal, 1S It possibie 1o guasante

On the other hand, there is often the need of using servictvréI f[:r? mp ?rt]ltbc\lltyrz;thefen'nﬂ:\”gual fsg:u“izni'ﬂflin;t;e;:\rf;’]
not in an individual way but jointly, for executing tasks tha ne Jo orking pian, made ot he igentiie a

solutions, allow thgoint achievement of all the goalsf the
IREWERSE NoEht t p: / / r ever se. net interacting parties? A ticket selling service that wantsdto

2http: // wwwy. w3. or g/ 2005/ rul es/ wi ki / RI F_Wrki ng_Group Some advertisement by sending a newsletter to its clierts wi
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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 achievementof goals of a set of services, whoseknown to be false. A fluenf is undefined when bothB f
interaction is ruled by a choreography. The approach reliead =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 atiie 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 effetts set of operations available to possible clients. In our psaf
playing a role in a choreography, thus checking whether tlaeservice descriptioris defined as a paitO, P), where O
desired personal goal can be accomplished. The représentais a set of basic operations, arl (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, buipedpn happens for OWL-S composite processess built upon basic
WSDL-like basic operations, represented as atomic actiomgerations and tests, that control the flow of execution.
with preconditions and effects. ) )

The paper is organized as follows. Section Il sets tHe Basic operations
representation of services and of choreographies that ogtad Let us start withbasic operationsAccording to the main
Moreover, it explains how it is possible to reason on sudhnguages 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 Il , one-wayinvolves a single message exchange, a client

tackles the joint achievement of personal goals. A running inyokes 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;

o request-responsiavolves 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 he order of the messages is inverted w.r.t. 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 raodal logic programming service and then it sends an answer.

settingand on the languagBYnamics in LOGic 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 int&rac
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 giscri operation(content) causes E, (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 tleaagwhere F; and Ps, denote respectively the fluents, which are
beliefs. Complex actions are defined by inclusion axiomg [16xpected 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 betvetésies 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 génerthe actor’'s beliefs. Since we describe web services from a
we cannot assume that the value of each fluent in a statesibjectivepoint of view, we distinguish between the case when
known: we want to have both the possibility of representinipe service is either the initiator (the operatiowokel) or
unknown fluents and the ability of reasoning about the extie servant of an operation (the operatsupplie) by further
cution of actions on incomplete states. To explicitly reygr@  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 ésecutability
greconditionsand effects the former being a set of fluents
Rtroduced by the keyworgossible if) which must be con-
ined in the service state in order for the operation to be
pplicable, the latter being a set of fluents (introducedhey t
keywordcause$ which will be added to the service state after
t(ﬁ)gvgperation execution. Syntax for basic operations is:

operation(content) possible if P (2
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The two views areomplementaryso if one view includes the Invoker Supplier

act of sending a message, the other correspondingly irlude Bmip .

a message reception. With reference to a specific service, Preconditions | —— =[] nequirements
operation” denotes the operation from the point of view of operationrr o

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

the point of view of the supplier. The view of operations Bse“;fr‘ji"t) :xint

that is used byinvoker is given in terms of the operation Effeztus Bseonut(mout)
inputs, outputs, preconditions, and effects as usual foasgic 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, preconditidfasn (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 effectsE; (c), and the invoker will know the received in-
effects that result from the execution of the operation. Féermation (b). Using OWL-S terminologyi...: represents the
what concerns the view of theupplier, also in this case outputof the operation, while?, and I, are its preconditions
the operation is described in terms of its inputs and outpu@d effects. Notify operations have no input. Buppliermust
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 ugde, 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 ofF, in (1). For example, duy 3) Request-responsein request-response operations (see
operation of a selling service has as a precondition the fdggure 1), theinvoker requests an execution which involves
that the invoker has a valid credit card, as inputs the credignding an informationn;, (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 chargaepplier (the output in OWL-S). The invoker can execute
From the point of view of the supplier, the requirement to thine operation only if the precondition®; are satisfied in
execution is to have an active connection to the bank, and it& current state and if it owns the information to send (a)
side effect is that the store availability is decreased avtiile (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 foutr 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 alstrac
1) One-way: In one-way operations, thievoker requests away from the actual message exchange mechanism, which
an execution which involves sending an information, 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, thesupplier 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,; (g), which
about the effectss (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 thénput 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 servictgt it is produced.
that it can execute, has the requiremefifs(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 effectsadre S terminology) and then sending a messagg to the supplier
to be confused with the operation effects described by IOP@e 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 executgb) 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
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Operation | Invoker’'s view Supplier's view
One-Way | (a)operationz,(m;,) possible if BI™vokerm A P (e) operation<< (min) possible if Rs
(b) operation_, (m;,) causes BInvokersent(myy,) (f) operations, (m;,) causes BSuppliery, .
(c) operationz>, (m;y,) causes Fj (9) operatlonjw(mm) causes S
Notify (@) operation;” (moy:) possible if Ps () operation'< (moyt) possible if Ry
(b) operationf?(mout) causes BInvokerp, . () operationff(mout) causes BS“ppllmeout
(c) operation;” (moyut) causes FEg (9) operation S (moyt) causes BSUPPLCT sent(moyt)
(h) operationf(mom) causes S
Request- (@) operation: (mm,mout) possible if B/nvokery, A Po | (e) operation'S-(mjn, Moyt) possible if Ry
response (b) operation;>. (M5, Mout) causes BInvoker sent(myy,) ) operatlonf,.(mm,mom) causes Bs“'m’ll_”mm
(c) operatlon”(mm,mout) causes BInvokery, . (9) operationw(mm,mout) causes BS“PT’l’fc7‘mout
(d) operation.>. (M.n, Mout) causes Ej (h) operation S (M., Mout) causes BS“PP“”sent(mout)
(0] operat|0n<<(mm,mout) causes S
Solicit- (@) operationZ (mn, Mout) possible if Ps (f) operationS:(miy, mout) possible if RS_
response (b) operatlonM (Min, Mout) causes Blnvokery, . (9) operatlons,,(mm,mout) causes BS“T’T’“j”mout
(c) operationsi(mm,mouz) causes BInvokerp, (h) operationS: (mn, Mout) causes BS“W’ll"e"'sent(mout)
(d) OPeratlon > (Min, Mout) causes BI™VokeTsent(m,,) (i) operationS: (1M, Mout) causes BSuppliery,
(e) operatlon > (Min, Mout) causes Ej (0] operationﬁ(mm,mom) causes S

TABLE |
THE REPRESENTATION OF THE FOUR KINDS OF BASIC OPERATIONS IN BHPROPOSED 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 @ Seller
causes the supplier to know the information to send (g) and flightList=searchFlight, (dep,arr,date)
that it has sent such information to the invoker (h). Morepive >
produces also the knowledge of the informatiep, received flight=askChosenFlightn()

from the invoker (i). Side effects on the supplier’s state ar
allowed (I).

alt
noBusinessqyy (reason)

chosenMethod=
choosePayment rr (payMethods)

B. Service policies and choreography roles

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

s Pn 3)

wherep, is the name of the procedure apdi =1,...,n, is
either an atomic action (operation), a test action (denbied
the symbol?), or a procedure call. Procedures can be recursq_ze . A simple choreography for reserving a flight, expresag a UML
and are executed in a goal-directed way, similarly to stsmdasequence diagram. '

logic programs, and their definitions can be non-deterrtiinis

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.

A

resNum=doPayment pr
(credentials,paylnfo)

Y

po is pi,...

miles=askForMiles , ()

operations are represented as normal basic operations, in

Also a role R is represented by a paif®,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 infplementations and specifications in the same way. In our
each role has to supply appropriate implementations. We czdse, both operations and operation specifications ara give
such specificationsinbound operationsFormally, unbound terms of their preconditions and effects.
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C. Flight-purchase it waits for being asked about the preferred flight, chosen
¢ among the flights list obtained by the previous operation

As an example, let's consideearchFlight, an operation o < . : L :
t;,°). This evaluation can give either a negative

a flight reservation service, which is offered bysaller and (2skChosenFligh ) CoT RS
can be invoked by &uyerto search information about fIightsOUt(;IOme’ henge the |r_1teract|o_nh |sh|nter|ruptedE(l;snplessow
with given departuredep) and arrival locationsdpr) plus the or the interaction continues with the selection of the payme

<
date of departured@ite). From the point of view of the buyer, Method éhoosepaymf;nt”)' Then, the buyer performs the
the operation, which is of kind request-response, is: payment doPayment;;) and, at the end, it is notified about

r

the obtained milesaékForMiles>).
(@) searchFlight”((dep, arr, date), flightList) possible if

BUuver dep A BYWer qrr A BYUer daten D. Reasoning on goals

BPuwyer—gellingStarted 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 fdrafter p,
BYve sent(dep) A BY"e" sent(arr)A whereFs is thegoal (represented as a conjunction of fluents),
Bve sent(date) that we wish to hold after the execution of a poligy
(c) searchFlight”((dep, arr, date), flightList) causes Checking if a formula of this kind holds corresponds to
BYwver flight List answering the query: “Is it possible to execytén such a
(d) searchFlight,” ((dep, arr, date), flightList) causes way that the conditionFs is true in the final state?”. When
BPuyersellingStarted the answer is positive, the reasoning process returns @segu

) . ) of atomic actions that allows the achievement of the desired
The inputs of the operation arkp, arr, anddate, while the - congition. 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 ataam to bring about the goal
belief B*¥“" sellingStarted (in bold text above) while the gy This form of reasoning is known @smporal 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 “f’:l.fteri’o. .
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
Bsellerde];T/\ Bsellerarr A Bsellerdate the |anguangYnamiCS in LOGIC{lS], [14], which Supports
() searchFlight<((dep, arr, date), flightList) causes both temporal projection and planning and allows the prdof o
Bseller flz'ght List ’ existential queries of the kind reported above. The proeedu
(d) searchFlight'< ((dep, arr, date), flightList) causes definition constrains the search space. In particular, foatw
Bsezzerseﬁz(ﬂigétu;t) ’ concerns planning, the proof procedure allows the aut@amati

extraction of linear or conditional plans for achieving tjeal
In this case the set8; and.S; of requirements and side effectsof interest from an incompletely specified initial state.
are empty. The operation expects as input the departure antet (O, P) be a service description. The application of
arrival locations and the date of the flight, and it producasmporal projection toP 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 belieB*¢!*"sent(flightList) will be in its us, then, consider a procedyréelonging toP and denoting

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

is successful in the service description @), 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);
askChosenFlight:< (flight);

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

valu uy.

(b) evaluateAndBuy is (O, P),s0) 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 = {BbY¥ dep, BPWe  arr, BPWe date,
BYwer de ferred Payment Pos, BYwer—sellingStarted,
Bbwereredentials}, (all the other fluents truth value
First, it invokes an operation for searching flights that-cois “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).
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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®) =
{BYwersellingComplete, B®Y¢ resNum} after buyTicket
Intuitively, the buyer expects that, after the interactibrwill
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

= ag;...;a, and o’ = af;...;al, be two execution
traces, we say that is compatibleto ¢’ iff for each operation
ot%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 Il-@archFlight;; is
holds: complementary taearchFlightS. and vice versa. We extend
the notion of complementarity to execution traces, so the
o = searchFlight,”’ ((dep, arr, date), flight List); complementarys on an execution trace is the sequence
askChosenFlight,~(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

This is possible because in a declarative representatiec- sprPecifications, thus producm? a service policy. L6t P) be
ifications are executable. Moreover notice that this exeout & S€rvice description, and €1, be a subset 00, 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 R@YersSi. LetOs, be the set of such operations, that are bound
not contradicted. to the operations Q.. 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
0 = [Og,/0] applied to(O,P). Notice that by[Og, /O]

So far, we have talked about goals, whose achievemeve identify a set of substitution&/o,] of single service
motivates the participation of a service to a choreografthy.operations to single unbound operations. The application o
is, in fact, reasonable that a service may decide of taking orthe substitution is denoted ky#, P6), where every element
role only if by doing so it will have the possibility of satighg 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 attte substitutior(of the service operations to the specifications
effects, of its own operations, part of which will substiut contained in the choreographpjeserves 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 godlhus, we rely on the notion ofonservative substitutioby
The question we try to answer here is whether it is possibyle fBaldoni et al. in [13].
this team of enhanced proactive services to reach an agntemelLet us, now, consider two-role choreography and see how
about their possible executions so that in the team all ahtheéhe servicesS; and.S; can identify a set of compatible traces,
will achieve their personal goals. As observed in [19], [ whose execution allows the achievement of both their palson
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 choreographly= (R;, R;) and do not discuss the case, due to the lack of space, concerning a
two services, interested to play respectivély and R, for number of roles more than two. Suppose thiahas identified
achieving the goalgy; 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&s;, and it has verified that the substitutiod§: and 0%z
they can achieve their personal goals, one by following tl@se conservative (the two substitutions involve disjoitssof
execution tracer;, the otheros,. The problem is that; and unbound operations by construction). Therefore, it now has
o5 might not be compatible, e.g. one invokesration™, an execution tracerd10%2 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® 0%z, Of

In some cases, such compatible execution traces might aetirse, Sa 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 exemsi 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%:0%2 must be an execution trace pf;
of both goals. Let us discuss these issues, focusing on two2) after executingr6710%2 the goal Fs; must hold.

IIl. JOINT ACHIEVEMENT OF PERSONAL GOALS

10
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Ri Ry An interesting issue is whether there is agiyaranteethat

both partners will stick to execution traces that arelih

= N > In game theory words [26] and considering a choreography
by as a set of game rules, ¥’ an equilibriun? Generally, the
3 answer is no. It might, in fact, be the case tlathas some
— b execution trace, that is not contained>ih but allows anyway
< the achievement of its goal: at some point of the execution of
< bs an agreed traces; might decide to continue with an unagreed

action, because such action is particularly convenienitfex
related issue is whether a service hadoainantstrategy, i.e.
Fig. 3. RoleR; takes a decision about invoking operatienor a» on R,. &N €xecution trace such that all of the alternative courges o
In the former caseR: will subsequently invokey over R1; in the latter, it~ action, that its partner has, belong 3. For instance, with
\ggngaléi e}a%tliemsmn and choose between the invocatioby afr the invocation reference to Figure 3, let us suppose thAtontains the exe-

' cution tracesi;; by andas; bo. In this case, the execution trace
a1; 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 thl%th goals. Instead, the execution trageb, is not dominant

the choreography i_s well-defingd, i.g. roleg are interdpgera becauseS, has the possibility of deciding to executg in
and that the services that will anlmatg it are conform Q. native tob, and the traces; b; does not belong ta'.
the corresponding roles. The expecta}tlon that the roles Ao axistence of a dominant strategy depends on the goal
a choreography fare ?y tﬁonst.ructll'on ;Et?r?perable and tﬂfﬁ‘ét one wants to satisfy, on the choreography, and on the
services are conform to them implies that, for any executi i g P
trace that a party can execute itsppartner has a co)r/nplemen?gemmed substltutlons..The.Qerl\./atlon that e have paa_mb
) 1 T X not focussed on the identification of dominant stratedies
e?<ecut|(_)n trace. Iptgroperabmty is a hot res_earch isAle. general, and differently than what happens for equilitttie,
discussion about it is out of the scope of this work but thg.ision whether an execution trace is a dominant strategy ¢
interested reader can take a look at [21], [22], [23], [24]. e taken without knowing the goal of the interlocutor. Indlee
The second condition is to be verified by, by rea- 3 strategy is dominant if any action that the interlocutan ca
soning on its goal, i.e. by verifying thatR,0%: 62, s0) = perform, lead to an execution trace which still belongs¥o
Fsy after off10%2, wheres, in this case is the initial state Thus a service which has a dominant strategy has the guarante
of S, and #1072 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 tracap 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 executioe to select the trace which entails the minimum number
tracesY, each of which allows the achievement B&,, 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 alternativesX’ C 3, satisfying both goals. It is worth bought the desired ticket w.r.t. one in which it has addaign
noting that, in general, the set of alternative executiacds been registered in the advertisement mailing list of thehflig
might not be finite. Moreover, the derivatio)(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 kew 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 kindnefyotiation[26], [27]. In  execution traces does not imply that, after starting thé rea
case no other preference criterion is introduced, iitdsfferent 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 stepe 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 nédnean 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 amall, o
because both take choices that contribute to its definition. the other hand, each partner has the means to understand when

11
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the interaction takes an unagreed path and decide acctyding Some correspondences with the technique “Planning as
for instance concluding that it is better to stop the intdoec Model Checking” proposed in [30] can be investigate. In
this approach, the planning domain is a semantic model, the
IV. CONCLUSIONS planning problem is represented through a set of globag stat
and plan generation is done by checking whether suitable
The coordination of a set of autonomous, cooperating agefdémulas are true in a semantic model. However, deal with
is well-known and crucial in multi-agent systems researehieb 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 proceg§28], 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 the one service and the resulting set of compatible plans, at
context of a given choreography, to reason about the joitife end of the negotiation, allows everyone to achieve its ow
achievement of their goals. The approach that we propageal.
implements a simple form ofiegotiation 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 is th@e mutually requested/offered by agents. Indeed, also the
when services play choreography roles, they commit to kegptions involved in a protocol can be seen as cooperative
their behavior adherent to the role specification. Ghaderi g&ctions, 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 executioetragn 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 jom.pl
its actual execution. In our case, the necessary coordmativioreover, condition 1) in Section Il is guaranteed by thet fa
that makes the cooperation of the services possible isigapplhat whatever execution trace one of the partners focuses on
by the choreography. The other assumption that we maketiig other surely has a compatible one, if all of the interagti
that the roles that compose a choreography are interoeraphrtners 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 reasopmtocols are defined bgocial commitment§32]. Indeed,
also for the partner, because the two agents share a commaoBommitment is a “promise” of an agent to another on
goal and a common state. The method, when successful, idgarforming 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, theleed 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 actrans
For example, a greedy partner may take an action (if théll do it—, but is on the obligation one agent has taken: hkno
protocol includes it) that is not in the agreement but thiatxzd  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 formefl be executed when required. Indeed, actions are defimed i
partner knows the choreography and knows the agreed tragefms of preconditions. Thus, its is possible that a cooliti
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Verifying A-Priori the Composition of Declarative
Specified Services.

Federico Chesani, Paola Mello, Marco Montali, Paolo Torroni

Abstract—Service Oriented Architectures are knowing a wide
success, thanks to the maturity of standards and implementa-
tions. Moreover, the possibility of composing complex systems
starting from simpler services is becoming supported by in-
dustrial tools, although still immature at the standard level.
However, the a-priori verification aspect, i.e. the capability of
determining before executing the system if it exhibits some
particular behaviour, is still matter of an intense research effort.

In this paper we investigate the a-priori verification of bottom-
up build systems from the behavioural viewpoint, where a
choreography is not known at the beginning of the developing
process, but rather it is verified only later. We focus on the
problem of deciding if, given a set of services, there can be
some fruitful interaction among them; if yes, we focus also
on the problem of determining such interaction. Our approach
is based on specifying the services by means of the ConDec
declarative language, and by exploiting its translation to the
SCIFF Framework to automatically perform the verification task.

Index Terms—ConDec Service Modeling, Declarative Lan-
guages, A-priori Verification, Logic Programming.

ERVICE ORIENTED COMPUTING emerged recently as
S an architectural paradigm for modeling and implement-
ing business collaboration within and across organizational
boundaries. The Web Service technology, currently the most
advanced implementation of Service Oriented Architecture
(SOA) principles, is almost established as the standard tech-
nology for current business implementations, thanks to the
support it has received from the academics as well as from
the industrial partners.

A key aspect in the success of Service Oriented Computing
(SOC) is the possibility of composing different, heteroge-
neous services, yet achieving a complex system starting from
more simple components. Interoperability at the level of data
exchange, as well as at the level of service location and
invocation, has been guaranteed by standards like WSDL [6].

Industrial tools are becoming available to support also the
composition process, too. Although languages for defining
composition rules and models have been proposed, but none
of them has enjoyed the maturity level of the other standards.
Initial proposals like BPMN [15], WS-CDL [7] and BPEL [3]
have been criticized for their intrinsic procedural nature, while
the need for open, declarative approaches has been recognized
only later [4], [14].

Automatic verification of properties regarding the be-

havioural aspects of the composed systems is deemed as a cru-
cial step, but a comprehensive solution is lacking. Currently,

[. INTRODUCTION

DEIS - Department of Electronics, Informatics and Systems, University of
Bologna. name . surname@unibo.it

the task of ensuring that two services can successfully coop-
erate is demanded to the software architect that is designing
the system. Analogously, ensuring that the composed system
will exhibit certain properties is a task that directly burden the
developer. Although such guarantees can be verified by human
users with small systems, there are serious doubts of achieving
such results when the composed systems grow in dimension
and interaction complexity. Hence, the task of automatically
verifying a service composition a-priori (during the designing
phase), is of the fundamental importance to foster the service
composition and the “off-the-shelf” composition model .

Several approaches have been adopted to address the verifi-
cation of service composition. A very common way consist
of checking one service against a global description of a
system, like in [1], [8]. In order to succeed, the following
assumptions are usually made: 1) there is a description of
the whole system, from a global point of view; 2) there is
a description of the service under testing, such description
not necessarily matching with the service internals; and 3) all
services except the one under testing will behave as prescribed
by the global specification (hence the global description can be
used to reason upon the other services behaviour). Given this
setting, the verification task determines if the behaviour of the
service under testing is compatible with the global description
(also named choreography). The choreography is intended as
a sort of “legal, tight contract”, and plays a double role: it
specifies the “boundaries” for the service under testing, and
provides the expected behaviour of the other (unknown) peers.
The obvious advantage of such approach is that the verification
task involves only a service description and a choreography:
the component “certified” as compliant can be then adopted
to play a certain role within the global system, independently
of the other peers.

In this paper we investigate the verification of service com-
position from another viewpoint. We start from the assumption
that, at least in the beginning steps, a global choreography
is not defined (or is not yet available). Beside a “top-down”
developing method, where the developer starts designing the
choreography and proceeds to refine the components in several
steps, there is also a common “bottom-up” projecting style,
where the developer simply starts to build up her application
by putting together the already available components. If this
is the case, the models of all parties (called local models
thereafter) are directly composed, in order to make them
interact and mutually benefit from each other, as in Figure
la.

The first problem we try to address is: given a composition
of services, does exist a successful interaction? If yes, how
is made such interaction? In case of a positive answer to the
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(a) Bottom-Up

Fig. 1. Developing complex systems using simpler services.

first question, we say that the models are compatible. Beside
the yes/no answer, we deem as fundamental also knowing
as much as possible about such interactions. E.g., knowing
in advance the supported interaction traces would help in
the analysis of the global system features and properties.
Of course, “compatible” does not mean that a successful
interaction will be effectively achieved at run-time.

A second problem we discuss in this work is about chore-
ographies, intended no more as a tight contract to be respected,
but rather as a set of constraints representing the desired
properties of the system. In this view, choreographies are not
intended as the set of requirements each service should fulfill
to interact, but rather a set of desired features that the global
system will exhibit. Roughly, this problem can be formulated
as follow: given a compatible set of services, does exists
some successful interaction that honors the choreography
constraints? If yes, how is made such interaction? Also in
this case we aim to know not only a yes/no answer, but also
some sort of fully/partially specified interaction trace.

In our approach, services and choreographies are repre-
sented by means of a declarative language, and in particular
using the ConDec language [13]. We agree with the critics
moved to procedural approaches in [4], [14]. In particular,
choreographies (intended as a set of properties or constraints
of the final resulting system) are more naturally represented in
terms of declarative rules/constraints, rather than by sentences
of a procedural language. In this work, we extend the original
ConDec model to the concepts of roles, and provide definition
of service composition compatibility on the resulting ConDec
models.

The ConDec semantics originally proposed by the authors
is given as Linear Temporal Logic (LTL) formulas. Recently,
a further semantics in terms of the SCIFF Framework [2]
has been provided to ConDec [11]. Another contribution of
this work is the definition of a method for automatically
perform the verification tasks, by exploiting the SCIFF-based
semantics, and its proof procedure.

In Section II we briefly introduce the ConDec language,
aimed to declarative describe open processes/services. Then in

(b) Top-Down

Section III and in Section IV we try to better capture the notion
of compatible services (compatible models of services) and of
compliance to a choreography. In Section V we show how such
properties are automatically verified exploiting the ConDec
Language and its translation into the SCIFF Framework [2].
Finally we conclude and discuss future works.

II. MODELING A SERVICE BY MEANS OF THE CONDEC
LANGUAGE

ConDec is a declarative, graphical language proposed by
van der Aalst and Pesic [13] within the research field of
Business Process Management (BPM). It aims to support
specification, enactment and monitoring of Business Process,
by means of constraints among activity executions. Constraints
are declaratively expressed, as the authors claim that the
adoption of a declarative approach fits better with complex, un-
predictable processes, where a good balance between support
and flexibility must be found. Although it has been originally
proposed in the BPM context, it has been applied also in
the far broader field of SOA. Former applications of ConDec
regarded choreographies specification; in this paper, we adopt
it to represent also service local models.

A. The ConDec Language

A ConDec model mainly consists of two parts: a set of
activities, representing atomic units of work, and a set of rela-
tionships which constrain the way activities can be executed,
and are therefore referred to as constraints. Constraints can be
interpreted as policies/business rules, and may reflect different
kinds of knowledge: external regulations and norms, internal
policies and best practices, service/choreography goals, and so
on.

Differently from procedural specifications, in which activi-
ties can be inter-connected only by means of control-flow rela-
tionships (sequence patterns, mixed with constructs supporting
the splitting/merging of control flows), the ConDec language
provides a number of control-independent abstractions to
constrain activities, alongside the more traditional ones. In
ConDec it is possible to insert past-oriented constraints, as
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well as constraints that do not impose any ordering among
activities.

Furthermore, while procedural specifications are closed, i.e.,
all what is not explicitly modeled is forbidden, ConDec models
are open: activities can be freely executed, unless they are
subject to constraints. This choice has two implications. First,
a ConDec model accommodates many different possible exe-
cutions, improving flexibility. Second, the language provides
abstractions to explicitly capture not only what is mandatory,
but also what is forbidden. In this way, the set of possible
executions does not need to be expressed extensionally and
models remain compact.

ConDec models do not impose a rigid scheduling of activ-
ities; instead, they leave the services free to execute activities
in a flexible way, but respecting at the same time the imposed
constraints. An execution trace, i.e. the set of the executed
activities,we say that it is supported by a ConDec model
if and only if it complies with all its constraints. Finally,
it is important to note that well-defined ConDec models
support only finite execution traces, because it must always
be guaranteed that a BP will eventually terminate.

ConDec has been mapped to two different underlying logic
frameworks, providing two different semantics for the ConDec
constraints. Beside the originally proposed LTL mapping, in
[11] a mapping to the SCIFF Framework has been proposed.
SCIFF allows to define constraints in terms of the happening
of events and expectations about the happening or the non-
happening of other events. Events can be partially specified,
by means of unbound variables. Possibly, such variables can
be further constrained, a la CLP. E.g., it possible to say that if a
certain event happens at time 7, then another event is expected
to happen at a time 7" with the CLP constraint 77 > T.

A simple ConDec model where activities a and b can be
executed many times, but the execution of one automatically
exclude the execution of the other, can be expressed in
SCIFF by means of two rules (Integrity Constraints, using the
SCIFF terminology): H(a,T) = EN(b,7") and H(b,T) =
EN(a,T")!. Note that such a simple model, if expressed using
some procedural flow language such as for example Petri Nets,
would lead to additional assumptions and choice points, thus
making the final model pointlessly complicated.

Formally, a ConDec model CM is composed by a set of
activities, which represent atomic units of work (i.e., units of
work associated to single time points, and relations among ac-
tivities, used to specify constraints on their execution. Optional
constraints are also supported, to express preferable ways to
interact, but allowing the possibility to violate them.

Definition 1 (ConDec model CM). A ConDec model is a
triple (A, C,,,C,), where:
o A is a set of activities, represented as boxes containing
their name;
e C,, is a set of mandatory constraints;
o C, is a set of optional constraints.
Given a ConDec model CM, notations ACM, CCM

2 and
CSM respectively denote the set of activities, mandatory and

I'The two rules state that if a Happens, then b is Expected Not to happen,
and viceversa.

0.1

send
receipt

1-click
payment

accept

advert }—O register }—N
{ 0..1 /
choose I‘ close

item order
Fig. 2. A ConDec model.

payment
done

payment
failure

standard
payment

optional constraints of CM.[]

B. A ConDec Example

Figure 2 shows the ConDec specification of a payment
services. Boxes represent instances of activities. Numbers
(e.g., 0; N..M) above the boxes are cardinality constraints
that tell how many instances of the activity have to be done
(e.g., never; between N and M). Edges and arrows represent
relations( constraints) between activities. Double line arrows
indicate alternate execution (after A, B must be done before
A can be done again), while barred arrows and lines indicate
negative relations (doing A disallows doing B). Finally, a
solid circle on one end of an edge indicates which activity
activates the relation associated with the edge. For instance,
the execution of accept advert in Figure 2 does not activate
any relation, because there is no circle on its end (a valid
model could contain an instance of accept advert and nothing
else); activity register instead activates a relation with accept
advert (a model is not valid if it contains only register).
If there is more than one circle, the relation is activated
by each one of the activities that have a circle. Arrows
with multiple sources and/or destinations indicate temporal
relations activated/satisfied by either of the source/destination
activities. The parties involved—a merchant, a customer, and
a banking service to handle the payment—are left implicit.

In our example, the six left-most boxes are customer actions,
payment done/ payment failure model a banking service
notification about the termination status of the payment
action, and send receipt is a merchant action. If register
is done (once or more than once), then also accept advert
must be done (before or after register) at least once. No
temporal ordering is implied by such a relation. Conversely,
the arrow from choose item to close order indicates that,
if close order is done, choose item must be done at least
once before close order. However, due to the barred arrow,
close order cannot be followed by (any instance of) choose
item. The 0..1 cardinality constraints say that close order
and send receipt can be done at most once. 1-click payment
must be preceded by register and by close order, whereas
standard payment needs to be preceded only by close
order (registration is not required). After 1-click or standard
payment, either payment done or payment failure must
follow, and no other payment can be done, before either of
payment done/failure is done. After payment done there
must be at most one instance of send receipt and before send
receipt there must be at least a payment done. Sample valid
models are: the empty model (no activity executed), a model
containing one instance of accept advert and nothing else,
and a model containing 5 instances of choose item followed
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by a close order. A model containing only one instance of
1-click payment instead is not valid.

III. COMPATIBILITY AND LEGAL COMPOSITION

In this section we address the problem of establishing if
some local models are compatible [12], i.e. if there exists an
interaction trace allowed by the composed system. We first
try to establish if a single model does indeed support at least
one interaction trace (i.e., it is conflict-free, and then we extend
the notion to the composed system. Note that all the following
definitions are based on the idea of execution traces, i.e. on a
set of events (ground facts), happened at certain time point.

First of all, we introduce the notion of 3-entailment: the aim
is to define somehow when a model guarantees a property.
To do so, we look at the traces allowed by the local ConDec
model, and verify such property directly on the allowed traces.
Once we move to verify a property on a trace, the semantic of
the entailment symbol could be referred to the SCIFF semantic
(as we do), as well as to the LTL semantics.

Definition 2 (3-entailment). A property ¥ is 3-entailed by a
ConDec model CM (CM =3 U) if at least one execution
trace supported by CM entails the property as well. If that is
the case, then one of the supported execution traces can be
interpreted as an example which proves the entailment.

Definition 3 (Conflict-free model [12]). A ConDec model
CM is conflict-free iff it supports at least one possible ex-
ecution trace, i.e., iff

CM =3 true

A conflicting model is an over-constrained model: it is
impossible to satisfy all its mandatory constraints at the same
time.

Then we generalize the idea of conflict-freedom to the
composed model:

Definition 4 (Composite model [12]). Given n ConDec mod-
els CM" = (A*,CL | Cl) , the composite model obtained by
combining CM?,...,CM™ is defined as :

ampwﬂﬂpuﬂkﬁ)édgAﬁOC%(j@>
=1 =1 i=1

Definition 5 (Compatibility). Two ConDec models CM" and
CM? are compatible if their composition is conflict-free, i.e.,
iff:

comP (CM*',CM?) =3 true

Obviously, the notion of compatibility can be generalized to
the case of n local models. The detection of incompatibility
means that a sub-set of the n local models leads to a conflict.
note that checking compatibility could not be enough, as
pointed out by the following example:

Example 1 (Trivial compatibility). Two local models

CM'=[ a >4 b |
CM>=[ a i b |

have been composed. The two models are compatible, because
they both support the empty execution trace; therefore, by
carrying out solely a compatibility check would seem that a
composition can be actually built. However, as soon as an
activity is executed, CM"' and CM? are contradictory: both
activity @ and activity b can not be executed in the composite
model. In the general case, if none of the local models contains
constraints which impose the execution of a certain activity
(i.e., existenceN, exactlyN and choice constraints),
compatibility always returns a positive answer, because the
empty execution trace is supported. [

A. From Openness to Semi-Openness

Since a ConDec model is open, it implicitly allows the exe-
cution of activities not explicitly contained in the model itself.
The following example clarifies the point. This characteristic
could cause undesired compositions to be evaluated as correct,
as in the following example.

Example 2 (Composition and openness issues). A customer
wants to find a seller to interact with. The customer comes
with a ConDec model representing its own desired constraints
and requirements. In particular, they express that:

« the customer wants to receive a good from a seller;

« if the customer pays for a good, then she expects that the

seller will deliver it;

« before paying, the customer wants the seller to provide a

guarantee that the payment method is secure.
Figure 3 shows the ConDec graphical models (CM ) of the
customer and of three candidate sellers. The three sellers differ
for what concerns the possibility of emitting a guarantee upon
request:

1) the seller depicted in Figure 3(b) (CM ) explicitly states
that it does not provide any guarantee upon request;
the seller depicted in Figure 3(c) (CM%) explicitly
supports the possibility of providing a guarantee;
the seller depicted in Figure 3(d) (CM";) does not
mention provide guarantee among its activities.
Following Definition 5 checking compatibility between CM ¢
and the three candidate sellers would state that C M is not
compatible with CM3, but it is compatible with CM% and
CM?%,. In particular, the two compositions CM¢o U CM%
and CM¢c U C/\/l:; produce exactly the same global model.
However, while the answer given for the first two compositions
is in accordance with the intuitive notion of compatibility,
the third one is not. In fact, when CM ¢ is composed with
C./\/l%, the behaviour of the seller is modified in that also the
constraints of the customer must be respected. Contrariwise,
when the composition between CM ¢ and C/\/lg is established,
the local model of the customer has the effect of changing the
local model of the seller, augmenting it with a new provide
guarantee activity. During the execution, the customer would
expect to receive a guarantee before paying, but this capability
has not been mentioned by the seller in its local model, and
therefore there could be the case that it is not supported. [

2)

3)

The example clearly shows that the openness assumption
must be properly revised when dealing with the composition
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c : Seller Customer : s1 Customer : s2 Customer : s3
i 1.* ! i |
i send i send E send i send
' good pay i good pay ' good pay ' good
i 5 0 i i
| provide i provide E provide i
! guarantee i guarantee ' guarantee !

(a) Constraints of the customer. (b) Constraints of a seller

which does not provide guar-
antees.

Fig. 3. Local models of a customer and of three candidate sellers.

problem. To ensure that a composition can be established,
the obtained global model must obey to the following semi-
openness requirement: for each involved party, the activities
under the responsibility of that party must also explicitly
appear in its local model.

B. Augmenting ConDec Models with Roles and Participants

In order to ensure the semi-openness assumption, each
activity must be associated to its corresponding originator or
role. The following definition extends the basic definition of
a ConDec model with such a relationship.

Definition 6 (Augmented ConDec model). An augmented
ConDec model is a 4-tuple (A0, AR,C,,,C,), where:

AQO is a set of (A, O) pairs where A is an activity and
O is its originator;

AR is a set of (A, R) pairs where A is an activity and
R represents the role of its originator;

C,, is a set of mandatory constraints over AOQ and AR;
C, is a set of optional constraints over AQO and AR.

If AR = (), the model is completely grounded. Contrariwise,
if AO = () the model is abstract.

In this respect, a ConDec local model is defined as an aug-
mented model containing also an indication about the identifier
of the local model, and where an activity is associated either
to such an identifier, or to an abstract role.

Definition 7 (Local augmented model). A ConDec local
augmented model is a 5-tuple (I D, A0, AR,C,,,C,), where:
e ID is the identifier of the participant executing the local
model;
« the other elements retain the meaning of Definition 6;
o AQ is a set containing only elements of the type (A, I D).

A role identifies a class of originators; in the composition
process, abstract roles employed in each local model are
mutually grounded to concrete local models which participate
to the composition.

Definition 8 (Grounding of a model). Given an augmented
model CMaug = (AO, AR, C,,,C,) and a function plays
mapping roles to concrete identifiers (i.e., stating that a certain
identifier “plays” a given role), the grounding of CMaug
on plays is obtained by substituting each role R; with the
corresponding concrete participant identifier plays(R;):

(¢) Constraints of a seller
which is able to provide a guar-
antee.

(d) Constraints of a seller
which does not explicitly deal
with the emission of a guaran-
tee.

4

o AO  |piays AO U {(A4,plays(R;))
dom(plays) A (A, R;) € AR},

o« AR |p10ys= AR/{(A, R;) |R; € dom(plays)};

e Cm lpiays and C, |p1ays are updated accordingly.

| R €

If AR |p1ays= 0, each role has been substituted by a
concrete identifier and the model becomes ground. A legal
composite ConDec can be now characterized as an augmented
model obtained by composing a set of local models, each
one grounded by taking into account the other ones, s.t. the
composition is ground.

Definition 9 (Augmented composite model). Given a set of
augmented local models £¢ = (ID;, AO", AR',C! . CE) (i =
1,...,n) and a function plays mapping roles to identifiers,
the composition of the local models w.r.t. plays is defined
as

n
COMP(LY, ... L") p1ays = U L' |p1ays
i=1
where the union of two augmented models is a shortcut
representing the union of each corresponding element . A
composition is legal iff COMP(LY, ... £™),14ys is ground (see
Definition 6).

It is now possible to revise the notion of compatibility
reflecting also the semi-openness assumption.

Definition 10 (Strong compatibility). n local models
L1 = (ID;, AO', AR',C! .C}) (i 1,...,n) are strong
compatible under plays iff their augmented composition
COMP(LY, ..., L) p10ys = (A0, AR, CY, CY) satisfies the
following properties:

o COMP(LL, ... L") 14ys is legal;

o COMP(LY, ... L™),14ys is conflict-free;

o for each (a,ID;) which belongs to AO" but does not

belong to AO?, it must hold that:

COMP(LY, ..., L™)p1ays v absence((a, ID;))

The third point states that if a certain activity a has been
associated to a participant /D;, but ID; has not explicitly
mentioned a in its specification, then the composition must
always ensure that a cannot be executed.

Example 3. Let us re-examine the compatibility between the
local models of the customer and the second seller shown in
Figure 3, supposing that their identifiers are respectively alice
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and hutter, and customer and seller represent their roles. In
the composition, alice plays the role of customer, and hutter
plays the role of seller. Hence, plays(alice) = customer

and plays(hutter) = seller.
By adopting the definition of augmented models, the Con-
Dec diagram of alice is:

Latice = ({(pay,alice)},
{(send good, seller), (provide guarantee, seller)},
{existenceN(l, (send good, seller)), ...},
0)

The grounding of alice wrt. the plays function is
alice lplays:

{{(pay, alice), (send good, hutter), (provide guarantee, hutter)},
0,

{existenceN(l, (send good, hutter)), ...},

0)

The grounding of hutter is obtained in a similar way.

When the two local models are composed, the grounding of
alice causes (provide guarantee, hutter) to belong to the set
AO" of the composition. Since the execution trace provide
guarantee — pay — send good is compliant with the
composition but (provide guarantee, hutter) ¢ AOMer,
the two local models are not strong compatible. (]

IV. CONFORMANCE TO A CHOREOGRAPHY

Once a global model has been obtained through the compo-
sition step, and after a strong compatibility property has been
verified, the application developer can move to further analise
the resulting system, trying to understand if it entails some
desired properties.

We represent a choreography as an augmented abstract
ConDec model (i.e., an augmented model associating all
the activities to roles and not to concrete participants — see
Definition 6). When realizing a choreography with a set of
concrete local models, different possible errors may arise:

o Conflicting composition: independently from the chore-
ography, the chosen local models are not compatible.

e Local non-conformance: a concrete local model is not
able to correctly play, within the choreography, the role
it has been assigned to.

Global non-conformance: even if each single local model
is able to correctly play the role it has been assigned to,
it could be the case that the global obtained model does
not conforms the choreography anymore.

It could be also the case that a participant would not be able to
play the role it has been assigned to, but it would anyway be
able to take part to a conforming composition. Such a situation
may arise because when the constraints of each local model
are joint with the ones of the others, the constraints of the
participant could be correctly “completed”.

As a consequence it is necessary to first check that the
composition is conflict-free, and then verify the whole compo-
sition against the choreography. To verify that a composition
conforms to a desired choreography, two approaches can be
followed. The weak approach states that the composition must
be consistent with the choreography constraints in at least one

supported execution, while the strong approach requires to
guarantee that any execution supported by the composition
respects the choreography.

Definition 11 (Weak conformance). A composition of local
models COMP(Ly, ..., Ly)p1ays 1S weak conformant with a
choreography Chor iff:

e Ly,...,L, are strong compatible w.r.t. plays (see Def-
inition 10);
e COMP(Ly,...,Ly)p1ays F=3 Chor |piays-

Definition 12 (Strong conformance). A composition of local
models COMP(L1, ..., Ly)p1ays 18 strong conformant with a
choreography Chor iff:

e Ly,...,L, are strong compatible w.r.t. plays (see Def-
inition 10);
. COMP(,Ch R 7£n)plays ’:V Chor lplays~

Example 4 (Weak and strong conformance). Let us consider
a simple (fragment of a) choreography involving two roles —
a customer and a seller. The choreography states that:

1) two possible payment methods are available to the
customer (payment by credit card and payment by cash);
the customer can pay only after having closed the order;
if the customer pays, then the seller is entitled to send
the ordered good and, conversely, a good is sent to the
customer only if a payment has been previously done.

Figure 4 shows the ConDec model of the resulting choreog-
raphy, and three possible local models which can be composed
to realize such a choreography. In particular, alice can play
the role of C'ustomer, while hutter and lewis can play the
role of Seller.

Let us first consider the composition obtained by combining
the model of alice with the one of lewis. The composition is
strong conformant with the choreography:

o The choreography allows an open choice on the payment
modality, and both local models only deal with payment
by credit card.

The combination of the constraints which relate the
payment with the delivery of the good in the two
local models leads to obtain the following constraint

2)
3)

cc payment send good | which is a
“specialization” of the choreography one (no choice is
present).

alice states that before paying, she wants to close the
order, and that between two payments at least one close
order must be executed; such a constraint is a special-
ization of the simple precedence constraint contained
in the choreography.

The composition obtained by combining the model of alice
with the one of hutter is instead not strong conformant. In
fact, hutter does not impose any temporal ordering between
the payment and the delivery of the good. Therefore, it could
be possible that the good is sent twice: one time before the
payment of alice, and another time afterwards. IL.e., the follow-
ing execution trace is supported by the composition: close
order — send good — cc payment — send good. The
first execution of the send good activity is not preceded by
a payment, thus violating a prescription of the choreography.
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alice 1 Seller Customer | lewis Customer | hutter
1 * 1 1
1.. |
Customer ! Seller E E 1
! cc \ send cc \ send cc \ send
o payment | ! good payment | ! good payment | ! good
payment | 1 1 1
i 1 1 1
close ! send ! ! :
order ] good | ' '
! close ! ! !
cash ! i i !
payment i order H H i

(a) A simple payment choreog-
raphy

(b) Local model of alice.

(c) Local model of lewis. (d) Local model of hutter.

Fig. 4. A simple choreography and three candidate local models (one customer and two sellers).

However, the composition is weak conformant, because it
supports different possible executions which comply with the
choreography. [J

V. VERIFICATION THROUGH SCIFF

The SCIFF framework has been originally developed for
the declarative specification and run-time verification of inter-
action protocols in the context of open Multi-Agent Systems
[2]. It features:

o A rule-based language for modeling all the constraints
that must be respected by the events characterizing the
executions of the system under study. These rules relate
the concepts of event occurrence with the one of ex-
pected/forbidden event, to model the (un)desired courses
of interaction when a given situation is reached during
the interaction. Events are modeled as logic programming
terms (possibly containing variables), and are associated
to an explicit execution/expected time; times and vari-
ables can be constrained by means of CLP constraints
and Prolog predicates.

A clear declarative semantics characterizing the execution
traces compliant with the modeled rules.

A corresponding proof procedure, sound and complete
w.r.t. the declarative semantics, which is able to dynami-
cally acquire the events occurring during a specific execu-
tion of the system, and check on-the-fly their compliance
with the modeled rules.

In the last years, the framework has been applied in other
contexts, such as clinical guidelines, business contracts and
processes, service choreographies [9]. In particular, a complete
mapping of all the ConDec constraints in terms of SCIFF rules
has been provided, proving its soundness w.r.t. the original
ConDec semantics (specified by means of LTL formulae) and
discussing its impact on the verification techniques.

The SCIFF proof procedure has been then extended to deal
also with the static verification of interaction protocols. g-
SCIFF is the generative variant of SCIFF devoted to this
task: instead of checking if a given (partial or complete)
execution trace is compliant with the modeled rules, it is
able to generate compliant execution traces or to return a
negative answer if none exists [10]. In this way, g-SCIFF can
be suitably exploited to effectively prove whether a ConDec
model (translated to SCIFF) =3 or |y a given property [9].
In particular, a ConDec model =3 a given property if and
only if the g-SCIFF proof procedure is able to generate at

least one execution trace compliant with the model and the
property; such an execution trace can be considered as an
example proving the existential entailment of the property.
The case of |=y is reduced, similarly to model checking, to
the =3 of the complemented property; the generation of an
execution trace compliant with the model and the completed
property can be considered as a counter-example showing that
the original property is not entailed by the model in all its
supported executions.

A. Compatibility Verification with g-SCIFF

Let us briefly describe how g-SCIFF carries out the com-
patibility verification between the customer’s model shown
in Figure 3(a) and each one of the three sellers modeled
in Figures 3(b)-(d). As we have seen, the constraints of a
composite model are obtained by joining all the constraints
of the local models. Let us denote the composition of the
customer’s model with each seller’s model with respectively
CMZ, CM? and CM?Z?. The first step, according to Defi-
nition 10, is to verify whether the composite model is legal;
this is a syntactic test which can be trivially proven for all the
three composite models: the role of Customer is grounded on
¢, and the role of Seller is respectively grounded on s;, so and
s3. The second and third step require instead the presence of a
verifier able to prove conflict-freedom (j=3) and to check if the
composite model meet the semi-openness requirement (=v).
When verifying the conflict-freedom of CM;? and CM3, g-
SCIFF operates as follows:

o it starts from the 1..x constraint on send good, generat-
ing an occurrence of the event;

this generated occurrence triggers the precedence (—pe)
constraint involving send good and pay, leading to
generate a previous payment;

the generated payment, in turn, triggers the precedence
(—»e) constraint involving pay and provide guar-
antee, leading to generate a previous emission of a
guarantee.

At the end of the verification process, the following sample
execution trace is therefore produced by g-SCIFF: provide
guarantee — pay — send good 2. When verifying the
compatibility of CM:!, instead, after the third step g-SCIFF
realizes that the execution of provide guarantee clashes with

>The temporal relationships imposing the orderings between the three
generated events are represented with CLP constraints
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the O cardinality constraint (absence constraint) imposed by
s1, and returns a negative answer attesting the incompatibility
of the local models.

The last requirement to be verified is that for each (a, ID;)
which belongs to CM2/CM? but does not belong to the
corresponding local model, it must hold that the absence of
a is =y by the composite model. In the case of CM:2, no
such activity actually exists, and therefore the requirement
is directly met, attesting that the two local models are in-
deed compatible. Contrariwise, CM:® contains the activity
(provide guarantee, s3) which is however not contained in
the local model of s3. Therefore, g-SCIFF must prove whether
all execution traces compliant with the composite model do not
contain the execution of the provide guarantee activity. As
already pointed out, =y is reduced to =3 by complementing
the property; in this specific case, the verification reduces to
check whether at least one execution trace compliant with the
composite model exists s.t. at least one execution of provide
guarantee is contained in the trace. The execution trace pro-
vide guarantee — pay — send good, produced by g-SCIFF
when checking the conflict-freedom of CM:?, does satisfy the
complemented property, and can be therefore considered as a
counter-example showing that the semi-openness requirement
is not met by the composite model, i.e., that ¢ and s3 are not
compatible.

Finally, note that the conformance verification of a com-
posite model with a choreography is carried out by g-SCIFF
similarly to the case of compatibility. In the case of strong
conformance, each constraint involved in the choreography is
complemented and then separately checked w.r.t. |=3. If at
least one complemented property is =3, then the composition
is not strong conforming with the choreography.

VI. CONCLUSIONS AND FUTURE WORK

In this paper we have address some issues related to the pro-
cess of composing complex system by using existing compo-
nents, in the context of the Service Oriented Architectures. Our
approach hypothesizes a bottom-up process in composing the
global system, where the components are put together in order
to achieve some interaction, and choreography constraints are
taken into account only at a second stage. Peculiarities of our
solution are 1) the use of a open, declarative, logic based
language to represent models of the services and also the
choreographies; 2) the exploit of the SCIFF Proof Procedure,
and in particular of the g-SCIFF proof, to automatically
perform all the verification tasks; and 3) beside a yes/no
answer, our approach provides as output also some interaction
trace that can be used to reason upon and analyse the global
system.

This work is still in its preliminary stage, although some
successful experimental results have been already obtained.
Future works will be devoted to better assess the theory behind
the solution, and to provide a better comparison with other
approaches available in the literature, like [5], [8]. In particular,
on the theme of the a-priori verification there is a huge research
literature, as well as on the topic of reasoning on choreogra-
phies and roles. A further issue we intend to investigate is

related to the possibility of introducing “soft” ConDec con-
straints: currently, constraints are considered as hard, and not
respecting one constraint leads to an incompatibility response.
We are hypothesizing situations where behavioural interface
specifications can also comprehend compensations actions and
explicit management of violations.
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Abstract position design and development are bound to a specifica-
tion that describes, at design time, multiple elements such

This paper discusses Web services synchronization at theas execution order of component Web services, data de-
composition level. Synchronization aims at assisting in- pendencies between component Web services, and correc-
dependent parties coordinate their actions and thus, avoid tive strategies in case component Web services raise excep-
conflicts. Our previous work on synchronization primar- tions. At run time, the composition specification is trig-
ily focused on the component level and shed the light ongered, which means identifying and invoking component
two types of behaviors related to specifying Web services.Web services, overseeing their execution, coordinating their
The control behavior defines the business logic that under-actions, and initiating corrective strategies if needed. Dif-
pins the functioning of a Web service, and the operational ferent specifications related to Web services composition
behavior regulates the execution progress of this control be- currently exist such as BPEWé factostandard) and WSCI.

havior by stating the actions to carry outand the constraints |, term of execution. Web services composition can be

to put on this progress. Control and operational behav- sty ctured along two types of orchestration [¢gntralized

iors continue to be used to sp_eC|fy composite Web Servicegyr peer-to-pee(P2P) (i.e., decentralized). On the one hand,
with respect to the orchestration schemas that these com-antralized orchestration like its name hints relies on a cen-
posite Web services have to comply with whether central-ajized module (e.g., BPWSA4J) that coordinates and tracks
ized or peer-to-peer. As a result, various types of messages|| the execution activities related to component Web ser-
to achieve synchronization are developed per type of orchesy;ices in terms of when to invoke them, what to expect out
tration schema. Expenments showing the use of these mesa¢ their invocation, what data they exchange, how to pass
sages are reported in this paper as well. on these data, just to cite a few. On the other hand, P2P or-

Keywords.Composition, Synchronization, Web service. chestration excludes the centralized module and promotes
) direct interactions between component Web services. This
1 Introduction makes Web services aware of some of their direct acquain-

tances during composition, which means the necessity of

In [8] and [9], we investigated the synchronization issue €MPowering these Web services with appropriate know!-
of (“isolated”) Web services independently of the composi- edge and .mechamsms in order to su.pport direct interactions.
tion scenarios in which these Web services could take part.eFlow [2] is an example of Web services-based systems that
This investigation shed the light on two types of behaviors adopts a centralized qrchestratlon, whereas PCAP [10] is an
namelycontrolandoperationalthat were both used to spec- €xa@mple of Web services-based systems that adopts a P2P
ify and exhibit the functioning of Web services. The control ©rchestration.
behavior illustrates the business logic of the functionality,  This paper extends the synchronization initiative we re-
e.g.,CarRental , of a Web service, while the operational port in [9] by leveraging this time our research findings
behavior frames the progress of executing the business logiand thoughts from the component to the composition lev-
of this Web service at run time. els. In [5], we applied the separation between control and

As the literature review points out [3], it is known that operational behaviors to model check orchestration-based
the “beauty” of Web services resides in their capacity to composite Web services. The control behavior is used to
be composed into high-level business processes known agxtract the desired properties to be checked in the model of
composite Web services. Composition is suitable for users’composite Web services captured by the operational behav-
requests that cannot be satisfied by any single, availableor. In this paper, our primary objective is to address the fol-
Web service, whereas a composite Web service obtainedowing issues per type of orchestration: what synchroniza-
by combining available Web services might be used. Com-tion mechanisms are required to set up, what messages im-
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plement these mechanisms, how these messages are trackéd invitation of participation; there is no guarantee that the

during synchronization, how synchronization and execution component Web service is still part of a composition sce-

are interleaved, and how the correctness of these messagasrio at time of invocation;

is proved. In this extended work, Web services are nolonger  “Trigger’ action makes the composite Web service initi-

treated as isolated components but as integral componentate the execution of the component Web service;

of composition scenarios. Analyzing the synchronization  “Audit’ action makes the composite Web service monitor

of Web services at the composition level offers some di- the performance of the component Web service for assess-

rect benefits. First of all, it would be possible to dissociate ment purposes; service level agreements motivate the audit

the behaviors of Web services at the composite level from exercise;

the behaviors of these Web services at the component level. And, “retract&invite” action makes the composite Web

Second, it would be possible to track the interactions that service withdraw the component Web service from its com-

occur between the Web services from the component to theposition due to poor performance for example. This yields

composite levels andce-versa Finally, it would be possi-  into searching for another replacement Web service that will

ble to work out the necessary synchronization mechanismspe added to this composition.

per type of composition orchestration whether centralized  In horizontal interactions, a P2P orchestration of Web

or P2P. services is implemented. Here, a component Web service
Section 2 discusses the commonalities and differenceshas the authority to carry out the following actions over a

between the component and composite levels and providepeer:

a running scenario. Section 3 reports on the synchroniza-  “Invite” action makes the component Web service re-

tion work that was done at the component level. Section 4 quest the participation of the peer in the current composition

discusses synchronization at the composite level with focusscenario;

on the P2P schema. Prior to concluding in Section 6, some  “ping’ action makes the component Web service check

experimental details are given in Section 5. the liveness of the peer that accepted its invitation of partic-
ipation; there is no guarantee that the peer is still part of a
2 Background composition scenario at time of invocation;

And, “trigger” action makes the component Web service
initiate the execution of the peer.

Compared to the vertical interactions in the centralized
. ) L ) orchestration, “audit” and “retract” actions are excluded
~ In a composition scenario, we classify interactions that o the horizontal interactions in the P2P orchestration.
involve composite and component Web services into Ver- sqantially, this is due to the challenges that are posed when
tical (from composite Web service to component Web Ser- o ying the performance of Web services and replacing
vice) and horizontal (from component Web service t0 an- tnam if needed. Not all providers would like to have their
other component Web service). By establishing an interac-\ye, services audited by the Web services of other providers
tion session, the initiator of a message aims at making thef, rea50ns that could be related to security, privacy, com-
recipient of this message behave and take actions according e itieness, etc. In a centralized orchestration, providers
to the content of this message. In the following, we identity 4 not mutually interact with each other and might not even
the acceptable actions that a message initiator can executg, v that they are parts of the same composition scenario.
over a potential recipient during vertical and horizontal in- Tha apsence of “audit” and “retract” actions in a P2P or-
teractions. The objective of identifying these actions is 10 -hastration sheds the light on the necessity of developing
facilitate the definition of the relevant synchronization mes- appropriate mechanisms that should take into account con-
sages that would be suitable per type of interaction. cerns like privacy and competitiveness. However, these

In verti.cal interactiqr.]s, fi gentralized orchestration of mechanisms do not fall into the scope of this paper.
Web services composition is implemented. Here, a com-

posite Web service through the centralized module has th
authority to carry out the following actions over a compo-
nent Web service:

“Invite” action makes the composite Web service request

2.1 Component vs. composition levels

e . .
2.2 Running scenario

Our running scenario concerns a university student who

the participation of the component Web service in its com- is in the process of organizing a cookout party to celebrate
position scenari his recent graduation. We identify hereafter the Web ser-

“Ping’ action makes the composite Web service check vices along with their activities that will implement this

the liveness of the component Web service that accepteaDartys qu|stlcs. )
CateringWSsearches for and contacts catering compa-

1component Web services invitation is discussed in [6]. nies according to some criteria like allocated budget, num-
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ber of expected guests, type of cuisine, etc. on, we qualify transitions in the behavior of a Web service
GuestWS sends invitees invitations, keeps track of asintra-behavior O

confirmed invitations, reminds late invitees for confirma-  The control and operational behaviors of a Web ser-

tion, etc. vice are defined as instances of the behavior of this
PlaceBookingWSooks for a place to host the cookout Web service (Definition 1). These two behaviors are

party, books the place, completes the necessary paperworklenoted byB., = (Sco, Leos Zeo, 8%, Feo) and By, =

like payment, etc. (Sops Lop, Top, 59, Fop), respectively.
WeatherWSchecks weather forecast for the day of the

cookout party. In case of bad weather, the party takes plac%xamme 1. Fig. 2 (a) is a state chart of the

atthe students place. _ control behavior of WeatherWS. Several states like
In our initial synchronization project [9]state charts city-located (initial state), report-delivered

were selected to specify component Web services indepen-(ﬁna| statd, and search-canceled and several
dently of any F:omposition sc?enario .(Fig. 2 (a)). For the transitions  like (city-located . unavailable |
sake of compliance, we continue doing so when modeling ¢oarch-canceled ) are included in this state chart.
the specification of composition scenarios. However states|, this transition example, city-located and
correspond this time to Web services taking part in thesesearch-canceled are the source and target states
scenarios (Fig. 1). respectively, andnavailable s the transition’s label
.9( Weamerws%[ PlaceBookingWs) °°’h‘(']‘$“§;° (" Guestws | Sut rCanenngWS]—>© ) ]

\ T —F L Example 2: Fig. 2 (b) is another state chart that

illustrates this time the operational behavior of Weath-

Figure 1. Specification of the cookout party erWS. Similar to the control behavior, several states like

o ] not-activated andsuspended , and transitions like
3 Specification of Web services (compensated , rolling-back  , not-activated )
and (activated , failure , aborted ) are identified
3.1 Control and operational behaviors in this state chart.
The control behaviorshows the business logic that un- In Fig. 2, the control and operational behaviors of a

derpins the functioning of a Web service with respect to Web service include different finite sequences that connect
its functionality. A business logic is domain-application states and transitions together. We refer to these sequences
dependent (e.g., healthcare) and changes from one casaspathsand define them as follows:
study to another according to various requirements such as
user (e.g., minimum age to submit an application), security Definition 2 (Path in Web Service BehavjorA pathpi—7
(e.g., type of encryption algorithm), etc. in the behaviorB of a Web service is a finite sequence
The operational behavioguides the execution progress of states and transitions starting from stateand ending
of_ the bus_iness_ logic of a V\_/gb service. To this en_d, at states’ and is denoted as followspi~/ — s v
this behavior relies on a specific number of states, which i1 P o N .
areactivated , not-activated , done, aborted s ikil ...8770 — s/ such thawk € {ig—1} "
suspended , andcompensated . These states are re- (s,0",s ") € T (exponents in state names are here given
ported in the field of transactional Web services [11] and for notational purposes only O
common to a certain extent to all Web services (and to any
software application) regardless of their functionalities, ori- Example 3: Let I' (resp. [2) = start  (resp.
gins, and Io_catlon_s. i i commitment ) in Fig. 2 (b). not-activated N
As mentioned in Section 1, the control and operational 2 ) ) .
behaviors of a Web service are modeled using state chartsactivated — — done is a path in the operational be-
This exercise of modeling is hereafter interleaved with some havior of Weatherws.
formal definitions and illustrative examples.
Definition 1 (Web Service Behavipr The behavior of a 3.2 Both behaviors in interaction
Web service is a 5-tupl$ = (S, L,7,s°, F) where: S
is a finite set of state names? < S is the initial state; We pointed out that the operational behavior guides
F C S is a set of final states is a set of labels; and the performance of the control behavior of a Web ser-
T C S x L x Sis the transition relation. Each transition vice. This guidance requires bringing both behaviors to-
t = (s°7¢,1, s'9%) consists of a source stat&c € S, a tar- gether. For instancejone state that a Web service takes
get states’9! € S, and a transition labél € £. From now on in the operational behavior will in return make this

24



MALLOW’009: Turin, Italy, September 7-10, 2009

Compensation after failed retrials
c Compensation

Rolling back ompensated < — g mmitment
Ni .
[ ot W Start [ Actlvatedw Commitment Done

activated |

.

o Report
delivered

0—{Cny JocatediAces [ Access | compieion [ Connection

L failed J closed
2
,@Q/
B Search
canceled
Refinement

(a) Control behavior (b) Operational behavior

uondsoxg
Retria

£
L
g

Figure 2. WeatherWs control and operational behaviors

= O — = —~ -
§_§ /C;mcaxed Avdlle [ Weather | sumisson [ Report ﬁ \ [Connection} |
S § | collected | | delivered 3 | closed |
Lo [( S oo ]
Figure 3. Example of operational and control behaviors mapping in WeatherWS

Web service take on other appropriate counterpart statedetween control and operational behaviors require a
like weather-collected andreport-delivered specification operation that indicates which state in the
in the control behavior. operational behavior is associated with which set of
The process of connecting operational and control possible paths in the control behavior along with the “new”
behaviors together results in establishiegnversation  transitions that will implement these interactions. The next
sessionsbetween the respective states of these two be-sState to take on in the operational behavior is determined
haviors (Fig. 3). To complete this connection process, aby the executed path in the control behavior and whether
mapping function is defined as follows: this execution was a success or failure. In other words, the
specification operation lets the control behavior indicate to
Definition 3 (Mapping Functiof. Let P,, be the set of  the operational behavior what needs to be done next. We
all paths in the control behavior of a Web service starting define the specification operation as follows:
from any state in this behavior. Connecting the operational
behavior to the control behavior anite-versaoccurs us- Definition 4 (Specification Operatign Let Ls be the set of
ing the following mapping functionMap : S,, — 27<, labels associated with the “new” transitions between oper-
where2P- is the power set oP,,. O ational and control behaviors. The specification operation
What the he mapping functiol/ ap does is to associate  uses the following two functions:
each state in the operational behavior with a set (possiblySpec : S,, — 2£s*Pw*Ls and Neat : S,p X Poo —
empty) of possible paths in the control behavior. Lop X Sop. O
The specification functiofpec associates each staitg,
in the operational behavior with a (possibly empty) set of
triples. A triple contains (i) the label of the transition
from s, to the first state in the control behavior of a mapped
path, (ii) the mapped path itsetf—7, and (iii) the label
of the transition from the last state in the control behavior

Example 4: Fig. 3 is an example of the use of the

mapping function in WeatherWS wheretivated  state

in the operational behavior is associated with multi-

ple paths in the control behavior. One of these paths
2

1
is: city-located -1, weather-collected A of the mapped path back tg,, in the operational behav-
report-delivered wherel! = available  andl? = ior. We qualify the “new” transitions that connect states in
submission . A second path foactivated  state is independent state charts iaser-behavior(note that intra-
given in Fig. 4 (b) as well. behavior transition was used in Definition 1). The partial

On top of the mapping function Map, interactions  function Next associates both a given state in the opera-
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tional behavior and the mapped path in the control behaviorS;r (., is the inter-behavior transition relation starting from
with both the next state to take on in the operational behav-the control behavior and ending at the operational behav-
ior and the associated transition label. ior; Srrepy € Sop is a finite set of state names in the
operational behavior that take part in inter-behavior tran-
Example 5: Fig. 4 shows the synchronization of Weath- SItions; Sir(co) € Seo is a finite set of state names in the

erWS’s operational and control behaviors where two types control behavior that take part in inter-behavior transitions;
of transitions exist: intra-behavior fror,, U 7,, (plain ~ @NdLep—c, IS a set of inter-transitions’ labels from the op-

lines) and inter-behavior (dashed lines, Labels, »5). ~ €rational to the control behaviors, atl,—, is a set of

Fig. 4 contains  Spec(activated  )={(label;, |nter—tr_an3|t|ons’ labels from the contr(_)l_t_o the operational

pathi, labels),(labely, paths, labels)}, behaviorg L.o—.op ULop—co = Ls (Definition 4))_. O _

Nezt(activated ,path;)=(commitment ,done), Before we define Web service conversation session,
. i’ we introduce another function known aab. This

where pathy = 20|ty-located - function returns the label of an inter-behavior transition:

weather-collected LI report-delivered Lab:IT — Ls.

and Next(activated ,paths)=(failure ,aborted )

where paths,= city-located - access-failed Definition 6 (Web Service Conversation Ses$ion

A conversation session between the operational
and control behaviors of a Web service is a 4-
tuple (Sop, itop—scos Peos itco—op) SUCh that: s,, €
Sop7 itop—wo € ITOp—?CO? 7f.tco—mp € ITco—mpv Pco €
Peo; and  (Lab(itop—co), Peor Lab(iteo—op)) €
Spec(sep). O

-, connection-closed

In Fig. 4, the initiation ofWeatherWSs shown in the
operational behavior witlhctivated  state. WeatherWsS
takes on this state following receipt of a user’s request. Be-
cause of §ctivated , label 1, city-located ) inter-
behavior transitions, the execution\WeatherW®egins by
using a dedicated database to search for the requested city. L . ..
This makesWeatherWSake oncity-located statein 4 Synchronization woven into composition
the control behavior. Afterwards, two cases are identified.

Case a. Everything goes fine and a 5-day weather-  Synchronization is a mechanism by which independent
forecast report is delivered back to the user. Becauseentities coordinate their next actions by agreeing on how,

of (report-delivered , label ,, activated ) inter- where, and when to carry out these actions. In the rest of
behavior transition, this mak&SeatherwSomplete its op-  this paper, entities correspond to Web services that could be
eration with success by transiting froectivated to either component or composite. We look into synchroniza-
done states in the operational behavior, i.agtjvated tion from two perspectivesntra, which means how the op-
commitment , done ) intra-behavior transition. erational and control behaviors in a component/composite

Case b. The access to the database fails (not like in Web service are coordinated (Section 4.1), bntelr, which
case a) as the control behavior WeatherwSndicates means how the operational and control behaviors in separate

with access-failed and connection-closed component Web services are coordinated within the context
states. Because otgnnection-closed , label 5, of the same composite Web service (Section 4.2). Because
activated ) inter-behavior transition, this mak&¥eath- composition could have either a centralized or a P2P or-

erWSterminate its operation with failure by transiting from chestration schema, inter Web-services synchronization is
activated  to aborted states in the operational be- examined from these two types.
havior, i.e., fctivated , failure , aborted ) intra-
behavior transition. 4.1 Intra Web-services synchronization
To wrap-up this section, the formal definitions of inter-
behavior and conversation session are provided. Needless Case of component Web serviceS.he synchronization
to propose a formal definition for intra-behavior transition, of component Web services was the main object of our re-
which is a regular transition in a state chart (Definition 1). search project in [9], so further details are provided in this
reference. Table 1 contains some synchronization messages

Definition 5 (Inter-Behavior Transitiop The set of all we developed in order to allow the operational and control
inter-behavior transitions that connect the operational andbehaviors interact with each other.

control behaviors of a Web service is denoted By Case of composite Web servicesThe synchronization
whereZ7 =17 op—co UZLT co—op SUCh thatZT ,, ., C of composite Web services is differently handled from

S17(0p) X Lop—co X SrT(c0) IS the inter-behavior transition  the synchronization of component Web services. This is
relation starting from the operational behavior and ending due to the characteristics of composite Web services that
at the control behaviol77 ¢, .op € Si7(co) X Leo—op X need now to be highlighted through their operational and
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Figure 4. Synchronization of WeatherWS control and operational behaviors

Table 1. Messages during intra (component) Web-service synchronization

# Message name Description
sync Originates from an operational state and targets a control state. The purpose is to trigger the execution of the control states (including the targeted control
state) in a conversation sessi@yncis a blocking message, which makes the operational state wait for a notification back from the last control state to

execute in this conversation session.
2. success Originates from a control state and targets the operational state that subsgitiedrhe purpose is to inform this operational state of the succeTful

L

execution of the control states in a conversation session and to return the execution thread back to this operational statecassgsltoupled with
sync

control behaviors. These characteristics are as follows.(WeatherWS, NiceWeather , PlaceBookingWs )
Firstly, the control behavior represents the business logicare included. In this transition exampl&VeatherWs
of a composition scenario and no longer the business logicand PlaceBookingWS are the source and target states,
of a certain component Web service. Secondly, the currentrespectively, antNiceWeather is the transition’s label
definition of the operational behavior (Definition 1) does
not tell much about the execution outcome of a composition Definition 8 (Composite Web Service Operational Be-
scenario and if this execution either succeeded or failed.havior). The operational behavior of a composite Web
This current definition through states ligetivated  and service is defined as an instance of the behavior of a
suspended is geared towards the needs of the componentWeb service (Definition 1) and is denoted By =
level, only (Fig. 2 (b)). (Sops Lop, Top: Sop, Fop)- O

The purpose of the operational behavior of a composite
Definition 7 (Composite Web Service Control Behayior Web service is (i) to initiate the execution of its specifica-
The control behavior of a composite Web service is a 5- tion, which is in fact the control behavior of this composite
tuple BEYS = (WS.o, Leo, Too, WS, Feo) WhereWS,., is Web service and (ii) to report on the success or failure of
a finite set of states that correspond to Web services’ namesthe execution of this specification. As a result, the opera-
WS c WS.,, is the set of initial states that correspond to tional behavior of a composite Web service is a subset of
initial Web servicesF.,, C WS, is the set of final states the operational behavior of a component Web service.
that correspond to final Web services,;, is a set of la-
bels; and7Z,, C WS., x Lo X WS, is the transition
relation. Each transition = (ws®™¢, [, ws'9) consists of a
source Web servicers® ¢ € WS,,, a target Web service
ws'9t € WS, and a transition labéle £.,. O

Example 7: Fig. 5 is another state chart that illustrates
this time the operational behavior of the CookoutParty
composite Web service. In this state chart, the number
of states is limited to four, namelgot-activated ,
activated , done, and aborted , and the num-
Example 6: Fig. 1 is a state chart of the control ber of transitions is limited to three, namebtart |,
behavior of the CookoutParty composite Web service.commitment , andfailure

Several states likeWeatherWS (initial state) and Compared to the six states in the operational behavior of
CateringWsS (final statg and several transitions like acomponent Web service (Fig. 2 (b)), the four states in the
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In this paper, we look at inter Web-services synchroniza-

Done
= ° tion from two perspectives: centralized aRaP (focus of

this paper). This synchronization aims at initiating the de-
velopment of composition scenarios and overseeing the exe-

Figure 5. Operational behavior of a compos- cution progress of this development at run-time. As a resullt,
ite Web service this raises the necessity of enhancing Web services with ad-

ditional mechanisms based on the needs and requirements
of these composition scenarios. For instance, a Web ser-

operational behavior of a composite Web service (Fig. 5) Vice has now to decide if it would or not take part in a
puts some restrictions on the authorized synchronizationCoOmposition scenario subject to carrying out some sort of
messages (||ke those Suggested in Table l) that can be Corﬁelf-assessment [6] That was not the case in the intra Web-
sidered between this operational behavior and its counter-Services synchronization (Section 4.1) where the focus was
part control behavior. These restrictions are hereafter listed:0n how to specify the execution of “isolated” Web services.
_ ) ) We identify the additional mechanisms that should em-
1. There is one conversation session between the operapody Web services along four cases, which we denote by
tional and control behaviors. This session includes theinvitation, execution verification andreplacement These
activated  state in the operational behavior and all four cases abstract the different types of actions that com-
the states (i.e}VS.,) in the control behavior. ponent and composite Web services carry out during verti-
cal and horizontal interactions. For example, a Web service
should submit its performance details to a composite Web
service as part of the verification exercise that this com-
posite Web service carries out. In addition, a Web service
should not leave its ongoing operations pending in case a
3. Any state (i.e., component Web service) in the con- composite Web ser_vice decides to §L_Jbstitute it as part of the
trol behavior can only submit an interaction message replacement_exermse. These ao!dltlonal mechamsms need
of typefail back to theactivated  state in the oper- tp be woven into the bl_Jsmess logic that underpins the func-
ational behavior. This restriction is waived for the final tionality of a Web service. In [7], we elaborate on how this
state(s) in the control behavior (i.€5,,) that can sub- ~ Weaving should pIape in compliance with some d§S|gn prin-
mit on top offail message another message of type- ciples I_|ke separation of concern and asp_ect-onented pro-
cessback to theactivated  state in the operational 9ramming. To keep the paper self-contained on synchro-

2. Interaction message of tymyncto come out of the
activated  state in the operational behavior has one
recipient, which is the initial state(s) (i.e., Web service)
in the control behavior (i.e}VS?).

behavior. nization, enriching Web services with additional mecha-
nisms is excluded.
4. Interaction message of typgyncreqis not allowed Case of P2P orchestration.The synchronization of in-
from the control to the operational behaviors. ter Web-services in a P2P orchestration reinforces the exis-
tence of the component level, only. Each component Web
4.2 Inter Web-services synchronization service that takes part in a composition scenario is associ-

ated with an operational and a control behaviors (Fig. 6).

Centralized orchestration is well “embraced” in Web ser- The previously proposed definitions for these two behav-
vices composition projects. But, a few projects look into iors continue to be used (Definition 1). However, new def-
the changes that need to be made in Web services stanihitions are deemed appropriate for first, the inter-behavior
dards/specifications like BPEL to smooth the design and de-transitions between component Web services and second,
velopment of P2P orchestration. Gowri Nanda et al. note the conversation sessions that result out of setting-up these
that because performance and throughput are major Coninter-behaVior transitions. These new definitions have to
cerns in enterprise app”cationsy removing the inefficien- be inline with the authorized actions to carry out in a P2P
cies that a centralized control introduces, is required [4]. A Orchestration. These actions are “invite”, “trigger”, and
BPEL program could be partitioned into independent sub- “Ping".
programs that interact with each other without any cen- In Fig. 6, the double-arrowed lines (plain and dashed)
tralized control. Gowri Nanda et al. propose a technique illustrate where the synchronization of inter Web-services
to partition a composite Web service written as a single should take place in a P2P orchestration. Numbers asso-
BPEL program into an equivalent set of decentralized pro- ciated with these lines represent message chronology. In
cesses. This technique minimizes communication costs andhe P2P orchestration we hereafter adopt, sequential execu-
maximizes the throughput of multiple instances of the input tion of the component Web services is assumed even though
program. concurrent execution could be handled without any substan-
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Figure 6. Synchronization of behaviors at the composition level — P2P orchestration

tial changes in the new or existing definitions. Plain lines in

Fig. 6 represent inter-behavior transitions within the same

component Web service (Section 4.1). What is now needed, ~ Status(W.S;) = {
which is the focus of this part of the paper, is to define

the inter-behavior transitions between component Web ser-  Itis worth to mention thasuccessndfailure are conver-
vices. These inter-behavior transitions are represented withsational messages between component Web services. These
dashed lines (3, 6, 7, 8) in Fig. 6. messages are specified in Table 2.

dination that would “spread the word” to other component need to be set-up in a P2P orchestration. The focus is
Web services about the execution outcomes of their peer2n conversation session #2; conversation session #1 is al-
requires some Changes inthe way these Component Web Sef.eady discussed in Section 4.1. The identification of the
vices should behave. For instance, component Web service§ter-behavior transitions that should be included in con-
cannot announce their immediate successful execution unversation scenario #2 takes advantage of the set of accept-
til they receive positive feedbacks from their peers in a re- able actions (e.g., “invite” and “ping”) that can be car-
verse order. In case of negative feedbacks, these componerted out between component Web services. These ac-
Web services have to cancel or compensate their executiodions are now woven into the synchronization messages
outcomes and notify their predecessors about the cancelat® occur between the respective operational behaviors of
tion or compensation actions they have taken, as well. An-the component Web services. The following comments
nouncement delay and backward notification have to be re-&re made on the new operational behavior of a compo-
flected on the operational levels of the different component Nent Web service: (ipartial done  andfinal done

Web services. Like in a centralized orchestration we split States are added and connected,p@tial done  and

done state into two states (Fig. 7partial done  and ~ aborted states are connected, and (pgrtial done
final done . andcompensated states are connected as well.

Table 2 summarizes some messages that can be ex-
e Partial done in a component Web service allows changed _in a 2P o_rchestra_tion (juring inter Web-services
to pass on the execution thread to the next peer(S)synchronlzatlon. Thl_s table is built upon the messages of
. : Table 1. The description of each message type shows (i) the
(Fig. 6, dashed lines 3 and 6). o S .
direction of the bidirectional flow between the operational
behaviors of the component Web services, and (i) the case
e Final done inacomponentWeb service permits to that corresponds to the actions to perform during horizon-
confirm its successful execution (final completion) fol-  ta| interactions. Interesting to discuss messages #9 and #10,
lowing receipt of a positive notification from a succes- j e confirmandcance] respectively in Table 2. Both mes-
sor peer (Fig. 6, dashed lines 7 and 8). sages are used by component Web services to notify other
component Web services that they could either confirm or
Definition 9 (Completion Status of Component Web Service cancel their execution.
in Peer-to-Peer Orchestration Let assume a composition Definition 10 (Inter-Behavior Transition in Peer-to-Peer
scenario ofn component Web services. The completion Orchestratio). The set of all inter-behavior transitions
status of a component Web service WS term of either  that connect the operational behaviors of component Web
success or failure is dependent on the notification messageervices together in a P2P-orchestration mode (conver-
that WS receives from its direct successor component Web sation session #2 in Fig. 7) is denoted By (*s:wss)
service WS, ;. wherez7 (“swsi) = 7 (waiwss) 7 (s s such that:

op—op

Notify(WS;41) i=1,---,n—1

success | failure i=n
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Figure 7. Operational and control behaviors mapping in CookoutParty- P2P orchestration

ZTE;?&;;];S” C Srr(op) X Egﬁigﬁsj) x Si1(op) IS theinter-  quences). It implements functions to support conversations
behavior transition relation starting from the operational be- between operational and control behaviors. Specifically, it
havior of a component Web servic#/(S;) and ending at  provides methods for managing conversation instances and
the operational behavior of another component Web ser-triggering transitions. When dealing with a peer to peer
vice (VS;). Same definition applies t@’?’f,’;’ij;si) C synchronization, th€onversationModeler manages
wsjwsi) first, the inter-behavior transitions between component

S X Lop= xS 7S C S,p is afinite . . .
sétT(ng))stateOZ;laxes in trllg((g);))ere{t?c()?\pgl behavior of a com-Web services and second, the conversation sessions that

ponent Web service that take part in inter-behavior tran- result out of setting-up these inter-behavior transitions.
N (wsi,ws;) . S Finally, the SimulationController tracks and
sitions; andLqp—up °7 IS @ set of inter-transitions’ labels

from the operational behavior of a component Web ser- analyzes (if necessary) the execution of a composite or

. ; . a component Web service according to its conversation
vice (W S;) to the operational behavior of another compo- - .
, (ws;,wss) : ) definition (e.g., whether the messages are received and sent
nent Web servicel¥’S;), and Lyp25,"" is the opposite

in an appropriate order).

(ﬁé%”ﬁ;,‘z”) ULE%’E{;,ZS") =Ls). O Fig. 8 shows the execution of a component Web ser-
vice in the case of a peer to peer orchestration. Upon
5 Implementation the reception of a user's request, the operational level of

the first component Web servic&/¢atherWSn this case)
moves from not-activated state to activated state (red color
i,s used to show the execution path). This latter state, sub-
mits aSync message t€itylocated state in the con-

trol behavior to trigger its execution. In a success case,
Reportdelivered state returns &uccess message
back to the activated state in the operational behavior. Based
on this information, the operational behavior moves from
activated state to partial done state. This latter state sends a
trigger message to invoke the next component Web service
(CateringWs ).

To test the viability of the proposed approach, a proto-
type system was implemented in Java and integrated unde
Eclipse 3.3 by extending the Web service development
platform we developed previously [9]. The prototype
consists of four modules:

ControlBehaviorModeler ,
OperationalBehaviorModeler ,

ConversationModeler and

SimulationController

The ControlBehaviorModeler and the
OperationalBehaviorModeler assist engi- )
neers specify the control and operational behaviors of6 Conclusion

a component or a composite Web service, respectively.

In particular, we developed a visual interface for edit-  We presented in this paper a framework for establishing
ing Web services’ behaviors using state charts. The synchronization between Web services engaged in compo-
ConversationModeler takes the behavior specifica- sition scenarios. Synchronization assists independent par-
tions of a Web service as an input to produce conversationties coordinate their actions and thus, avoid conflicts. This
specifications (i.e., inter-transitions and message se-framework extends the research work we carried out on iso-
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Table 2. Messages during inter Web-services synchronization - P2P orchestration

# Message Description

name From To In reply to Case
1. invite Component WS (B,,,,) Component W$ (Bop) null Invitation
2. trigger Component Wg (B,p) Component W$ (B,,) null Execution
3. ping Component Wg (B,,) Component W$ (B,,) null Verification
9. confirm Component WS(BOwa) 1[Component W$ (B,,)](i-1) success Execution
10. cancel Component W$(B;”;) 1[Component W$ (B,,)](i-1) failure Execution

Figure 8. An execution of a component Web service in a P2P orchestration

lated Web services (not engaged in any composition) and [2] F. Casati and M. C. Shan. Dynamic and Adaptive Composi-
leverages two types of behaviors related to specifying such  tion of E-ServicesInformation System26(3), 2001.

Web services. The control behavior defines the business 3]
logic that underpins the functioning of a Web service, and
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this control behavior by stating the actions to carry out and

the constraints to put on this progress. Synchronizing Web [4]
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Abstract—Communities of web services have been proposed
to gather web services having the same functionalities but
possibly different nonfunctional properties. Current approaches
into communities of web services focus on developing, managing
and designing communities of web services through a suitable
architecture, but can benefit from a stronger treatment of
flexible interactions. These approaches ignore the collaboration
and business-level contracts between various web services and
the ability to formally delegate service to another web service
within the same community. This paper presents a significant
step towards enhancing communities of web services using an
agent-based approach that synthesizes mentalistic states (e.g.
goals, tasks), social commitments and argumentative dialogues
for modeling and establishing communities of web services. This
paper has three contributions: first, we extend the community
structure with alliances structure to allow collaboration between
various web services; second, we propose a new engineering
methodology based on concepts of Tropos methodology for
managing communities of web services with alliances structure;
and third, we specify internal-organizational business interactions
within web services in terms of commitments augmented with
argumentative dialogues to reason about the validity of these
commitments. We evaluate our methodology using a large existing
case study of auto insurance claim processing.

I. INTRODUCTION

The notion of community has been proposed to gather web
services having the same functionalities independently of their
origins and the way they carry out these functionalities [3],
[4], [11]. In recent years, the capability of argumentation and
dialogue games has been used in managing and reconciling
conflicts of interests that may arise within a community of
web services. In this context, the argumentation theory allows
agent-based web services to interact rationally, argue about the
reasons that support or disavow their conclusions, persuade a
new web service to join a community, negotiate with other
peers to reach a deal and assail each other through an attack-
binary relation as well as specify the interaction mechanisms
within communities [3], [4].

In fact, web services of business scenarios begin with
a user’s need and end with a user’s need fulfillment. The
structure of community facilitates and speeds up the process of
web services discovery in open settings and helps in selecting
the best ones for composite business scenarios [12], [14] when
users’ requests cannot be satisfied by a single available web
service but need collaboration among available web services
to handle them [11].

J. Bentahar, R. Dssouli
Concordia Institute for Inf. Sys. Engineering
Concordia University, Montreal, Canada
{bentahar, dssouli}@ciise.concordia.ca

Recently, a certain number of significant proposals have
been introduced [1], [3], [4], [10]-[13] to address the mod-
eling and management issues of communities of web services
(CWSs) in order to allow them to interact more flexibly for the
growing needs of business processes. However, the main ob-
jective of modeling and managing CWSs and the collaboration
between web services in an efficient way along with business
relationships has not been reached yet. In particular, we have
three broad elements which should be addressed: designing,
engineering, and managing communities.

— The architecture based on traditional software engi-
neering methodologies proposed in [3], [4], [11] lacks
business-level contracts that represent underlying inter-
actions between web services. This architecture depends
on message occurrence and ordering irrespective of the
message meanings, thereby a message-based approach
hides many details of the internal organization of the
architecture that affect designing business processes.

Existing methodology [4], [11] for modeling, opera-
tionalizing, and evolving CWSs ignores formalizing the
delegation process that is used to delegate incomplete
services within community, in the case of replacing mis-
behaving web services and keeping the system reliable.
Furthermore, this methodology does not consider the
collaboration among members of the community and
the mentalistic states of agent-based web services. In
general, the approaches discussed in the literature con-
sider only two-party operations, while real-life scenarios
are typically multiparty operations that need a mediator
agent-based web service to complete users’ requests.

The process of handling failures and exceptions is very
hard to implement within the current structure of the
community. Moreover, the number of interactions be-
tween members of the community needs to be reduced to
enhance the response time of participating web services.

This paper aims to enhance the community structure by setting
up alliances structure among web services to overcome the
aforementioned shortcomings in [3], [4], [11]. Thereby the
resulting community structure becomes more realistic with
the real-life business scenarios in distributed systems. By so
doing, we propose a new engineering methodology based on
Tropos methodology [17], which we enhance with concepts
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of communities, commitments and argumentative dialogues
for modeling CWSs extended with alliances structure. In fact,
this work is an extension of our previous research in which
we have modeled and specified CWSs based on argumentation
capabilities. This model enables web services through associ-
ated agents to argue, persuade and negotiate with their peers
using a dialectical process to satisfy their goals in an efficient
way [3], [4]. Specifically, here we reconfigure the design
of community with alliances structure from the perspective
of the collaboration between agent-based web services that
participate in composition business scenarios and benefit from
agent reasoning capabilities about nonfunctional properties.
The contributions of this paper are manifold: (i) alliances
structure within CWSs enhances response time of web ser-
vices that handle users’ requests and reduces the number of
interconnections between members of community; (ii) a new
agent-based engineering methodology synthesizing mentalistic
states, social commitments and argumentative dialogues; and
(iii) a composition mechanism allowing agent-based web ser-
vices to collaborate with each other in the form of delegation
operations. Additionally, we present a case study of auto
insurance industry scenario to evaluate our methodology.
The remainder of this paper is organized as follows. Section
II introduces the notion of alliance structure and key concepts
for our methodology. Section III presents our engineering
methodology for developing communities of web services. Our
case study is presented in Section IV to evaluate different steps
of our methodology. The paper ends in Section V with the
relevant literature discussions and future work directions.

II. ALLIANCE STRUCTURE AND CONCEPTS

This section defines alliances structure within communities
of web services and key concepts to be used clearly in our
methodology.

A. Alliance Structure

In [3], [4], [11] the notion of communities of agent-based
web services has been introduced. Here we would prescribe
how to extend it via introducing alliances structure. In essence,
the service providers over forced to improve their strategies
and redistribute business functionalities to be able to compete
with others should think about building alliances. An alliance
structure based on Quality of Service (QoS) is the concept
that reconfigures community structure to achieve competitive
pressures between service providers and collaboration between
agent-based web services. In [3], [11] an alliance structure as
a subset of community or a micro-community based on mutual
agreements between providers of web services as part of their
partnership strategies has been superficially introduced.

We develop this view by considering nonfunctional propri-
eties (e.g., QoS, reputation, response time) associated with
each agent-based web service as a vital principle to cluster
two or more web services into different alliances as the second
level of community, since the first level is occupied by master
web service (see Fig.1). Whereas the third level of community
contains web services within alliances that underpin the same

or part of the community’s functionality. These web services
need to collaborate with other peers to achieve the whole or
global community’s functionality.
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Fig. 1. An architecture of communities extended with alliances structure.

For example, in the purchase scenario of goods, the func-
tionality of a community is purchasing goods. This community
combines web services having complementary functionality
within an alliance, such as placing an order, paying, and
shipping with a high reputation and response time. Notice
that, these agent-based web services have logically distinctive
functionalities and involve distinctive roles from the commu-
nity’s functionality but they can collaborate with each other
to achieve a goal by combining or composing their function-
alities (i.e., purchasing goods) and to satisfy the community’s
functionality.

As a result the new internal organization of the community
with alliances structure make it easier to detect failures and
errors as we search in micro-communities and reduce the
number of interactions between members of the community
since the master web service has one connection with each
alliance structure instead of a direct connection with each
web service (i.e., this minimize the overhead). Moreover, an
alliance inherits a dynamic property from its community where
new members can admit to or exclude from the alliance, and
alliances themselves can either discard or merge at any-time.

B. Key Concepts

The key concepts of our methodology are inspired by Tro-
pos methodology [17] with the extra flexibility resulting from
considering new concepts such as community, commitment
and argumentative dialogue. The purpose is to enhance Tropos
capabilities in order to deal with the intrinsic complexity of
business processes.

1) Community: a collection of web services with similar
or part of total functionality organized into three broad levels
without explicitly referring to concrete web services that will
implement this functionality within alliances structure at run-
time (see Fig.1).
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2) Agent: a computational representation of web service
within community structure with metaphors that make it
appropriate for developing, designing and implementing dis-
tributed business systems. Each agent has strategic goals and
capabilities to execute tasks. It engages with others in business
relationships to get other agents performing the delegated tasks
on its behalf and to reason about the validity of their tasks.

3) Role: an abstract entity over agent-based web services
and can be specified by their related sets of commitments
augmented with argumentation systems within a community.
Multiple agents could play one role and different roles could
be played by a single agent in a community.

4) Goal: a state of the world that an agent would like to
reach or bring about. In other words, a goal is a final or
an acceptance state. Tropos methodology defines two types
of goals: hard goals are functional requirements and often
have a measurable satisfaction condition that can be satisfied.
The latter one, called soft goals, no precise criteria for its
satisfaction can be found, these goals model nonfunctional
requirements of the community. The AND/OR decomposition
is used to decompose a root goal into subgoals.

5) Task: an abstract method by which a goal can be
achieved. Parallel with the concept of goal, there are two
types of tasks to achieve the companion goals. Here we also
use AND/OR decomposition to decompose a root task into
subtasks compatible with subgoals. The AND requires all
subtasks; OR requires one subtask.

6) Dependency: used to identify the dependent relationship
between two roles where one role (the depender) depends upon
the other (the dependee) in order to achieve a goal or execute
a task. This relation is written as the depender depends upon
the dependee.

7) Commitment: a commitment C(id, dbtr, cdtr, Cy, v, ¢)
means that the debtor dbir is responsible to the creditor
cdtr within community context C, for satisfying the content
¢ if the condition v holds. The commitment has the form
of contractual style where ¢d is the unique identifier for
commitment, dbtr is the debtor role, cdtr is the creditor role,
the context C,, may be an institution, a company, organization,
marketplace (e.g., eBay) in which ongoing interactions occur,
and ¢ and 1 are formulas in a given formal language.

Commitments capture state of the dependencies relation
between roles and allowing a variety of possible manipulation
based on a set of operations. For instance, the debtor is
able to create, fulfill, violate commitments, withdraw from
commitments and delegate commitments to another agent.
Whilst the creditor has the right to release the debtor from
commitments and assign commitments to another agent [20].

8) Argumentative dialogue: a dialectical process for the
exchange of various arguments for and against some conclu-
sions [3], [4]. Indeed, argumentation provides agent-based web
services with an effective means to reconcile conflicts, seek
information, persuade and negotiate with other peers within the
same alliance structure. It relies on actions on commitments
to generate a suitable set of arguments during dialogues to
achieve mutually acceptable agreements between agent-based

web services.

III. ENGINEERING METHODOLOGY FOR WEB SERVICES
COMMUNITIES

Having captured the core concepts of our methodology,
here we introduce the proposed methodology that intended
to support all phases of developing CWSs based on the notion
of Tropos methodology. The latter one has been developed in
[17] as an agent-oriented software methodology in terms of
goal, task and dependency. Tropos has been enhanced with
commitments to capture business interactions among partners
with high-level business meaning [15]. In the same direction,
this paper improves the last version of Tropos introduced in
[15] with arguments and argumentative dialogues to increase
its capabilities via enabling agent-based web services to argue,
seek information and negotiate with other peers about the
compliance of their commitments, thereby increasing its prac-
ticality in distributed business systems. Table (I) summarizes
the steps in our proposed methodology. The subsections below
describe a step-by-step way the progress of our methodology.

A. Requirements Analysis

This phase enhances the early and late requirements in the
phases of Tropos methodology with a community concept.

1) Step 1: Identify Community: the engineer initially
concerns with understanding the organizational context of
community that gathers agent-based web services. This step
includes substeps to be completed.

1.1) Define the functionality (e.g., hotels booking, weather
forecasting, etc.) of community by binding to a specific ontol-
ogy [13] (e.g., Web Ontology Language (WOL)). This binding
is important since providers of web services use different
terminologies to describe the functional and nonfunctional
requirements of their respective web services.

1.2) Identify agents and roles in a community using terms
like master, alliance and slave web service. The master web
service plays the main role in a community and refers to a
special web service that leads the community as well as it takes
over multiple responsibilities (e.g., checking the credentials
of alliance web services before they are established in the
community). The other of web services in the community are
slave web services.

1.3) Identify alliance web services by clustering two or more
slave web services having the same nonfunctional properties
satisfy the users’ requests and having different functional-
ity. For example, the master web service gathers slave web
services that have a high QoS in the first group under the
management of alliance web servicel and the other slave web
services that have a medium QoS in the second group under
the management of alliance web service2, etc. (see Fig.1).

1.4) Specifying dismantle community: the master web ser-
vice is only responsible for dismantling community when all
alliance structures present low precision to users’ requests
(i.e., irrelevant results) and low recall (i.e., missing relevant
information). This happens when the number of slave web
services within alliances structure is not enough to satisfy
users’ requests as well.
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2) Step 2: Determine Goals and Dependencies: this step
iteratively determines the goal dependencies between the roles.
First, it searches UDDI registries to find posted services based
on the similarity that exists between users’ requests and these
registered services. Thus, the composite goal of users’ requests
is identified at the master web service as a hard goal. Second,
the master web service uses nonfunctional properties to refine
its populated alliance web services into one that satisfies
this composite goal (say ). Third, using means-end analysis
to decompose this composite goal into subgoals (say G =
{91, 92, .. .}), thereafter, alliance web service introduces roles
that adopt these subgoals. This iterative analysis continues
decomposing these subgoals until no new goal dependencies
arise.

Description

Input

Output

1.1) Identify community
function

1.2) Identify agents
and roles in community

1.3) Identify alliance
web services

1.4) Specify dismantling
community

2) Identify goals and
goal dependencies

3) Identify tasks
and task dependencies

4) Identify commitments

A specific ontology
and composition
scenario.

Agent-based web
services and
composition scenario.

Slave web services,
composition scenario
and nonfunctional
properties.

Request from alliance
web service to its
master web service.

Alliance web services,
slave web services,
composition scenario
and goals are
introduced in
architecture.

Alliance web services,
slave web services,
goal dependencies and
composition scenario.
Tasks dependencies,
scenario commitments
description.

All agent-based
web services having
the same or part

of community’s
functionality.
Master web

service and slave
web services.

Alliance web
services and
their slave web
services.

Terminating
community.

Goals and goal
dependencies of
each dependee
role (in step 1.2).

Tasks and task
dependencies.

Commitments
describing
business relation.

Accessitable
commitments.

Nonfunctional
properties and
commitments.

5) Identify argumentative
dialogues

TABLE I
OUTLINE THE STEPS IN OUR METHODOLOGY.

3) Step 3: Identify Tasks and Dependencies: cach role
from step (2) has goal dependencies, then the ultimate ob-
jective of this step is to find task dependencies that will be
responsible to achieve goals dependencies. Meanwhile, one
goal (say g1) may need a set of tasks (say t1 = {t1.1,¢t1.2,...})
to accomplish it. Subsequently, means-end analysis needs to
identify this set of the tasks. Similarly, the task may be
decomposed into subtasks and this decomposition analysis will
iterate until no new task dependencies arise.

B. Architecture Design

The architectural design phase plays a crucial role in the
design process. Initially, it defines the organization of the

system in terms of the components and their interdependencies
that are identified in previous phase. This step focuses on
how system components work together to constitute a mul-
tiagent system and introduces resources, goals and roles as
needed. This paper presents an architecture to tackle pitfalls
of standard approaches that do not underpin business meaning
and dynamic composition of existing services in which the
components are agent-based web services and their interdepen-
dencies are specified in terms of commitments augmented with
argumentation capabilities to reason about the validity of these
commitments (we will explain commitment and argumentation
later on). In fact, this architecture is a call and return style in
the form of layered phases and an extension to the architecture
we developed in [3], [4].

From Fig. 1 the main components of the proposed architec-
ture are service providers, service consumers of web services,
UDDI registers and communities with alliances structure. A
community with alliances structure is organized dynamically
according to the specifications discussed in previous phase
(III-A). Hereafter we focus on operationalizing the steps
through which the goal dependencies are to be fulfilled.
The service providers publish and register the name of their
services in UDDI registries with different nonfunctional pro-
prieties (e.g., QoS) so that service consumers or users can
search for appropriate QoS. More precisely, there are three
kinds of agent-based web services (master-ws, allaince-
ws and slave-ws) constitute the structure of community and
collaborate with each other to achieve users’ requests.

A master-ws can be implemented as a web service for
compatibility purposes with the slave web services and al-
liances web services that populate the community as well.
It delegates goal dependencies to allaince-ws that will re-
sponsible for accomplishing them. The alliance web services
manage micro-communities and decompose goal dependencies
to slave web services that populate their alliance structure
as well. Each slave-ws signs up contract with its alliances
to commit to satisfy the delegated subgoal. The slave web
services collaborate with each other to achieve these goals. Of
course each slave web service has the ability to delegate or
assign incomplete tasks to other slave web services to complete
its goal. Moreover, allaince-ws can request from master-ws
to search for a new slave-ws to join in its structure instead
of the existing slave-ws that it does not work well. When
all slave web services satisfy their contracts, their alliance
web services consequently achieve their composite contracts.
Hence these alliance web services need to inform the master-
ws with results to finalize users’ requests.

C. Detailed Design

This phase is intended to introduce additional details for
each architectural component of a community structure. To
support this phase, we adopt social commitment, argumenta-
tive dialogues and dialogue games protocol from the agent
programming community.

1) Step 4: Identify Social Commitments: our methodology
captures high-level business meaning via identifying commit-
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ments between roles in terms of tasks. More precisely, this
step analyzes each task dependency resulted from step (3)
and that discovered in the architecture phase to identify the
corresponding commitment. The notion here depends on the
task dependency such that when the dependee (or the debtor)
commits towards the depender (or the creditor) to execute the
dependum task (e.g., t1) or the commitment content, then
a commitment exists. The condition of the commitment is
defined by identifying a task that dependee needs to satisfy
to perform commitment content. Meanwhile, the creditors
need to verify some constraints that are conjuncted with this
commitment to guide them to determine the corresponding
tasks resulting from executing this commitment. Whereas, if
the dependee is not committed towards the depender to execute
a task, then no commitment exists, in this case the dependee
executes the intrinsic task to achieve its internal goal.

2) Step 5: Identify Argumentative Dialogues: this step
identifies arguments that can be used either in negotiation,
persuasion or information seeking dialogue based on commit-
ments identified in step (4).

Argumentative Locutions
Open-dialogue

Descriptions

A special argumentative act used
to open the dialogue.

Accept(Ag-wsa, C(ids, ¢z)) When Ag-ws2 has an argument

in favor of ¢ .
Refuse(Ag-wsa, C(idz, ¢a)) When Ag-ws2 has an argument
against ¢.
Attack(Ag-wsz, C(idz, ¢z ),
Clidy, ¢y))

When Ag-wssa attacks the content

of C(idy, ¢y) by the content of

its commitment C(idy, ¢q ).

Challenge(Ag-ws2, C(ids, ¢z)) When Ag-wsa2 has neither

an argument for ¢, nor for —¢g,

then it challenges ¢;.

Justify (Ag-wsa2, C(ide, ¢z ),
C(idy’ ¢y))

Make-Offer( Ag-ws1, C(idz, ¢z ))

When Ag-wsi has a commitment
C(idg, ) to justify another
commitment C(idy, ¢y).

An Ag-ws; makes an offer ¢

to Ag-wsa when Ag-ws; has

an argument in favor of ¢.
Close-dialogue A special argumentative act used
to close the dialogue.

TABLE 1T
THE NATURAL DESCRIPTION OF THE ARGUMENTATIVE LOCUTIONS.

This methodology terms these arguments by social
arguments, not only to emphasise their ability to resolve con-
flicts within a social community, but also to highlight the fact
that two agent-based web services having task dependency can
negotiate or persuade and, upon agreement, commit to each
other for the specified value transfers. However, identifying
such arguments is not merely the last step. Since agent-based
web services need a language to express these arguments. In
[4] we proposed Horn logic language to allow agent-based
web services to express their arguments and to develop their
reasoning capabilities within an argumentation system.

The formal specification of these arguments is defined
in a dialogue game protocol, namely Persuasive-Negotiation
Protocol for CWSs (PNP-CWS) [4]. We have eight ar-
gumentative locutions: {Open, Accept, Refuse, Make-Offer,

Attack, Challenge, Justify, Close} forming the basic building
blocks of this protocol. Here we present the description of
these locutions in natural language (see Table (II)). To simplify
the notation, a commitment will be denoted by C(id,, ¢:)
when the participating agents and the other elements are clear
from the context. These locutions specify our communication
language that can be used to communicate about satisfying
goals or tasks.

Definition 1: (Dialogue game) Let Open(Ag-wsy, C(idy,
Ag-wsy, Ag-wsa, Cy, 1, ¢) be the opening action performed
by Ag-ws; and sent to another agent Ag-wss about content
¢ subject to 1 within alliance context C,. A dialogue game
Dy is a conjunction of rules, where the first rule defines the
condition to enter Dg if the argumentation systems of Ag-
wsy and Ag-wss support the satisfaction of the commitment
condition 1. The other rules identify possible actions that an
agent-based web service can use as a reply when receiving
an action from another agent-based web service if a given
condition C'ond;; is satisfied. This conjunction is specified as
follows:

Entry rule : Open(Ag-wsi1, C(idy, Ag-ws1, Ag-wsa, Cy, b, §))
A Cond
Body rules (Actioni(Ag-wsp,Ag-WSm, C(id,, ¢,),
C(idy, ¢y)) N Cond;;

= Action;; (Ag-wsn, Ag-Wso, C(id,, ¢,), C(idw, ¢u)))

: /\O<j§N

In the entry rule, the Open action represents the opening
of the dialogue game and is executed just one time at the
beginning of the dialogue. The Cond, has two possibilities
either the commitment condition 1 is true (i.e., can be
generated from argumentation systems of Ag-ws; and Ag-
wso) or false. The body rules are executed many times during
the dialogue game. In these rules, the Action;(Ag-ws,, Ag-
WS, C(idy, ¢y), C(idy, ¢,)) is an action of type i on the
propositional commitment,since the commitment condition
holds, where Action, € {Create, Fulfill,Violate, Release,
Withdraw, Delegate, Assign, Accept, Re fuse, Attack, Justify,
Challenge, Make-O f fer}. Moreover, the bold elements
meaning that they could be removed. For example,
if Action; ¢ {Delegate, Assign}, then the element
Ag-wsy, could be removed. The Action;;(Ag-ws.,,Ag-
Wso, C(id,, ¢,), C(idy, ¢w)) is an action on the commitment
of type j with content ¢,, that depends on the action of
type i, where Action;; € {Create, Fulfill, Violate, Release,
Withdraw, Delegate, Assign, Accept, Re fuse, Attack, Justify,
Challenge, Make-Of fer}. We notice that n w when
C(idy, ¢,) does exists (e.g., Attack and Justify), otherwise,
w = y. We also have n = m if Ag-wsn, does exist (e.g.,
Delegate and Assign), = is the implication symbol for
dialogue game rules, and N is the number of allowed actions
that Ag-ws, can perform after receiving an action from
Ag-ws, where n,p € {1,2}.

The commitment condition and content in this definition
are Horn formulas, C'ond), defines the possibility of entering
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Dg when the condition of the commitment is satisfied. While
Cond;; is expressed in terms of the possibility of generating
an argument from the argumentation system.

To clarify the relationship between commitment and ar-
gumentation system, let us first define some notions used
in our approach. The knowledge base of agent-based web
service (Ag-ws) is denoted by K B(Ag-ws), it contains all
information related to functional and nonfunctional require-
ments of Ag-ws. The argumentation system of Ag-ws is
denoted by Args,s(Ag-ws) using Horn logic language where
¢ QArgsys(Ag-ws) denotes the fact that a Horn propositional
formula ¢ can be generated from argumentation system of Ag-
ws. While the formula —¢ < Arg,,s(Ag-ws) indicates that ¢
cannot be generated from argumentation system of Ag-ws.

The following is an example of dialogue game within
alliance context C,, in which after opening the dialogue, an
alliance web servicel (alliance-wsq) invites a slave web
servicel (slave-wsp) to join a current composition scenario
where alltance-ws, knows that slave-ws; has a reasonable
role to complete this scenario. The invitation is modeled
using Make-Of fer locution. Then slave-ws; searches its
Argsys(slave-wsy) to decide either to accept or refuse the
invitation. slave-ws; accepts the invitation by verifying some
constraints related to the performance of alliance-ws;. That
is, if the invited web service (slave-ws;) has an argument
favoring the received invitation (e.g., alliance-ws; has a
good reputation) and does not have any argument against
this invitation (e.g., slave-ws; does not commit to join any
other alliance). Thereby slave-ws; has two choices either to
accept this invitation, then slave-ws; creates a commitment
towards alliance-ws;y to join this composition scenario or to
refuse, then slave-ws; releases from this commitment. The
formal representation of the acceptance case of entering and
accepting the invitation is as follows:

Example 1:

1) Open(alliance-wsi, C(id1, alliance-wsi, slave-wsi, ¥,
D)) N (Y4 AT gsys(slave-wst)) A (Y <Argsys (alliance-wsy))

Make-Offer(alliance-wsi1, C(id1, ¢))
A (Reputation-of-alliance = Good <4 Argsys(slave-wsi))

2)

A (= Commit-to-Join-an-alliance < Argsys(slave-wsi))
= Accept(slave-wsi, C(id1, ¢))

where ¥ = functionality-matches-composite-scenario
¢ = Invitation-for-joining

The commitment manipulation underpins our approach with
a simple mechanism of composite services between slave
web services to handle users’ requests through three-party
actions (e.g., delegation, assignment). In simple case of
delegation action (i.e., without metacommitment), we have
two commitments among three agent-based web services
where if an agent cannot able to complete its service, then
it delegates the service to another agent (this delegation is
made randomly). To clarify our notion about composing
services, suppose slave-ws; is committed to alliance-wsy

to bring about some facts within alliance context (C), if the
condition ¢ holds. Meanwhile, the argumentation systems
of slave-wsy and alliance-wsy support this condition and
the argumentation system of slave-ws; favors the content
of this commitment. However, if any reason after creating
the commitment, slave-ws; cannot complete it, then it will
delegate the commitment to another agent-based web service
in the same alliance (say, slave-wss). When slave-wss
observes the delegated commitment, it uses its argumentation
system to search if it has an argument supporting the
condition of this commitment. Also, if the argumentation
system of alliance-ws; is still supporting the condition of this
commitment, the slave-wss will create a new commitment
towards alliance-ws; (see Fig.2), formally:

Example 2:

1) Open(alliance-wsi, C(idy, alliance-wsi, slave-ws1, Cy,
U, d)) A (Y <4 Argsys(alliance-wsi)) A (¢ 4 Argsys(slave-
ws1))

Make-Offer(alliance-ws1, C(id1, alliance-ws1, slave-
ws1, @) NP < Argsys(slave-wsy))

= Accept(slave-wsi, C(id1, slave-wsi, alliance-wsi, ¢))
Accept(slave-wsi, C(idy, slave-wsy, alliance-wsi, ¢))

A (@< Argsys(slave-wsy))

= Delegate(slave-wsi, slave-wsz, C(id1, slave-ws1,
alliance-ws1, Cyz, ¢)) N (¥ 4 Argsys(alliance-wsy))

A (Y < Argsys(slave-wss))

2)

3)

4) Delegate(slave-wsi, slave-wss, C(ids, slave-wsi,
alliance-ws1, Cy, §)) N (¢ 4 Argsys(slave-wsz))

= Create(slave-wsa, C(id2, slave-wsa, alliance-wsi, Cy,
?))

where 1 = the condition of the commitment

¢ = bring about some facts

a = ¢ cannot be completed by slave-wsi and

¢ can be per formed by slave-wsa

Slave-ws,

! Open (alliance-ws,, C(id,))

1
I Make-Offer(alliance-ws,, C(id,))
T

1
1 Accept ( slave-wsy, C{id,))
€

'
Delegate(slave-ws,, slave-ws,,C{id,))

[ R S 2 A

Fig. 2. The sequence diagram of the delegation action.

IV. CASE STUDY

To illustrate the application of our methodology, we con-
sider a real-life insurance claim processing that has been
studied under the CrossFlow project [19] and presented in
many works to manage business process (see [6], [15], [16]).
Fig.3 shows the use case of this case study, which is about an
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insurance company in Ireland (AGFIL) including the parties
involved with their individual processes. AGFIL underwrites
automobile insurance policies and covers losses incurred by
customers. Europ Assist (EA) provides a 24-hour help-line
service for receiving customer claims and assigns name of an
approved repairer to customer. Lee CS is a consulting service
that coordinates with AGFIL in receiving invoices and deals
with repairers, adjustors and assessors to execute these claims.
Moreover, AGFIL has the capability to decide if both a given
claim is valid against fraud and payment will be sent to the
repairer. Below the main steps of our methodology.

(Insurance Company) AGFIL

s D
Notify __5 Obtain __s, Check
LeeCs claim caim N Amend _ _ reconcle __s Finalize
L 7 form form iy info A claim _J
Aumify \S (ClaimHandler) \ \ LeeCS
E AGFIL —— )
R T Cetals Estimate<500
o | Assign 31
garage Contact Assign Check
P garage > adjustor :\:;:ier > invoice
Al 1 R < \ N
s | validate
\ info
S
; T r\ AN N N \ N
Receive Estimate Inspect Repaire N
G.?t?er car g P Palre —> Invoice
info cost
_ V), _ V.
Call Center Repairer
Fig. 3. Cross flow insurance claim processing [19].
A. Step 1

According to the ontology associated with the community,
the functionality of the community is InsuranceClaimProcess-
ing and this community includes all agent-based web services
supporting the similar or part of this functionality. Thereafter,
the engineering designer selects one of them as master-ws;
(as the manager of the company) that starts to cluster the
slave web services into alliances structure based on the policy
classes (a form of nonfunctional properties related to QoS),
such as classi, classs and classs cover 100%, 90%, 80%
respectively from each claim request. We here only consider
alliance structure that covers QoS = {100%} of the automo-
bile damage and from now we refer to AGFIL by the Insurer
(i.e., the role of this alliance is identified by the Insurer).
The unique role names of slave web services that populate
this alliance are defined as call center for Europ Assist and
assessor for Lee CS, as well as repairer and adjustor. We
modify this use case [16] by establishing a direct dependency
between the Insurer on one side and repairer and adjustor
on the other side. Also, we introduce the direct dependency
between the customer and Insurer. At the end of this step,
the Insure context is denoted by Ins, and the manager (or
master-wsy) delegates the customer’s request to the Insurer.

B. Step 2

The customer has one relevant goal: vehicle repair,
while the Insurer has the goals: handle claim and maximize

profits. The last goal is represented in terms of soft goal.
Thus the customer depends upon the Insurer to handle
claim with Qos {100%} and in exchange the Insurer
depends upon the customer for paying the insurance
premium [15]. Let us focus on such a goal, namely handle
claim. The Insurer uses AND decomposition to decompose
the goal (G = {handle claim}) into five subgoals, G
{claim reception, claim assessment, vehicle repair, claim
finalization,vehicleinspection}. The Insurer delegates
these subgoals to the respective roles within its alliance
structure where the call center is responsible for the claim
reception, the assessor for the claim assessment, the repairer
for the vehicle repair and the adjustor for the vehicle
inspection. The claim finalization will be performed by the
assessor himself. By so doing, the Insurer pays service charge
to each one of them after completing their goals.

C. Step 3

For the space limit reasons, we concentrate only on the call
center, assessor and repairer task dependencies. The means-
end analysis is used to identify tasks and task dependencies to
each goal dependency from step (2). The claim reception goal,
g1, of the call center depends on four tasks to achieve it, t; =
{gathering info,validating claim, assigning garage,
sending claim}. The call center gathers information
and assigns a garage when the customer reports an ac-
cident and validates claim information. Thus, the re-
pairer depends on the call center to assign a garage
and the customer depends on call center for gathering
claim information. Meanwhile, the validate claim infor-
mation task is decomposed into two subtasks, %19
{request policy in formation, validate in formation}. Ac-
cording to the architecture design the call center can define
a new goal to receive payment of claim reception charge
from the Insurer via executing a task of receiving payment
or delegate the task to another (e.g., the reporter to prepare its
report). Finally, it sends a valid claim to the Insurer to finalize
claim processing.

The assessor has claim assessment goal, go, delegated
from the Insurer. The tasks needed to satisfy this goal are: t; =
{receive claim, check invoice, agree to repair, obtain repair
estimate, inspect vehicle}. The receive claim task depends
upon send claim task of the Insurer to the assessor. Meanwhile,
the Insurer and repairer depend on the assessors’ tasks for
checking the invoice and agreeing to repair. Moreover, the
assessor depends upon the repairer to obtain the repair
estimate by performing estimation repair cost task. The
assessor depends upon the adjustor to inspect a vehicle and
requires to define a new goal to receive assessment fees from
the Insurer by executing a task of receiving assessment fees.

The repairer has a vehicle repair goal, g3, and the
tasks needed to satisfy this goal are denoted by i3
{repair vehicle,estimate repair cost,send invoice}. The
customer depends upon the repairer for repairing vehicle
when received valid claim from the customer. The assessor
depends upon the repairer for estimating repair cost to decide
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agreeing to repair or negotiating with the repairer. Meanwhile,
the repairer depends on the assessor for checking the invoice
and forwarding it to the Insurer, if the repairer sends the
invoice. Likewise, the call center and the assessor, the repairer
requires to define a new goal to receive repair charge from the
Insurer by depending on executing a task of receiving repair
charge [6], [16].

D. Step 4

This step transfers each task dependency into an appropriate
commitment to represent business meaning of interacting
parties of AGFIL. In [16] the authors have ignored the
formulation of actions on commitments and focused only
on commitment itself (although actions on commitments re-
flect dynamic behaviors of agents). For example, commit-
ment C(idy, call center,customer, Ins,, report accident A
valid claim, assign garage) means that when the customer
reports an accident and if the claim is valid, then the call center
commits to assign a garage to him within the Insurer. But, how
the Insurer delegates claim reception to the call center, how
the Insurer formally assigns the assessor to get the inspection
fees from the adjustor, how the call center withdraws from his
commitment, etc. Here we complement [16] with commitment
operations. From step (2) the Insurer has five subgoals (claim
reception, claim assessment,vehicle repair, claim finalization
and vehicle inspection) that are delegated to the call center,
assessor, repairer and adjustor respectively. Formally we define
this delegation operation, but in the case of the Insurer that
delegates claim reception to the call center only as follows:

Delegate(Insurer, call center,C(idy, Insurer, Ins,,
customer, pay insurrance premium, claim reception))

This operation intuitively means that the Insurer withdraws
from the commitment and the call center creates a new
commitment such that it becomes the debtor towards the
customer to receive claim reception. Formally we need two
steps to perform this:

Withdraw(Insurer, C(idy, Insurer, policy holder, Ins,,, pay
insurrance premium, claim reception)) A

Create(call center, C(idy 1, call center, customer, Ins,,
claim reception))

According to step (3) the claim reception needs four tasks to
be achieved, one of them is gathering information from the
customer. We define it formally as:

Create(call center, customer, C(idy 1, call center,
customer, Ins,, report accident, gather info))

Moreover, the Insurer assigns the assessor to obtain inspection
fees from the adjustor when the estimate repair cost returned
from repairer is more than 500 (a threshold amount).

Assign(Insurer, assessor, C(ids, adjustor, Insurer, Ins,,
pay inspection fees, estimate inspection cost))

This action is similar to the delegation action. Formally we
need two steps to perform this:

Release(Insurer, C(idy, adjustor, Insurer, Ins,, pay
inspection fees,estimate inspection cost)) A

Create(adjustor, C(ids.1, assessor, Ins,, pay inspection
fees, estimate inspection cost))

E. Step 5

We define two subscenarios from AGFIL scenario to
explain why we need argumentative dialogues to reason
about the validity of commitment operations. The first sub-
scenario is established between the Insurer and assessor
where the assessor commits to the Insurer to reach agree-
ment with the repairer for the vehicle repair, formally:
C(ids, assessor, Insurer, Ins,, pay assess fees,agree to
repair) [16]. However, the assessor cannot estimate his as-
sessment fees without engaging in a dialogue with the repairer
to reach a deal about “estimate the repair cost”. The solution
proposed in [16], which is based only on commitments, is not
enough to specify this dialogue especially when the assessor
needs to negotiate the repair charge with the repairer. The
proposed argumentative dialogues are natural solutions to this
problem. The following dialogue game explains only the steps
after the commitment being delegated to the repairer. This
means that request to estimate repair cost (i.e., 1) is supported
by argumentative systems of the assessor and repairer (i.e.,
) <4 Argsys(assessor) A 1 < Arggys(repairer)). Then the
dialogue is opened and this dialogue can be considered as
a continuation to example (2). The repairer creates a com-
mitment towards the assessor to estimate the repair cost. The
assessor has a conflict with the Insurer because the estimated
cost does not respect the delegated constrains from the Insurer
(estimate cost should be < 500 to maximize the Insurer
profits). Then assessor challenges the repairer to justify the
estimated repair cost. When the argumentation system of the
assess