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Abstract. The provision of personalized services based on the onrettiest of
simpler Web Services is often viewed as an activity that apdrformed in an
automated way, without involving the end-user. This paplelresses the need to
involve the user in the loop and discusses the communicatialenges imposed
by this viewpoint. The paper also presents a conversatioteffor the man-
agement of the communication between Web Service consweneérproviders
aimed at addressing those challenges.
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1 Introduction

The composition of Web Services is the focus of the Servicer®ed Computing
paradigm (SOC), which “utilizes services as fundamenthents for developing ap-
plications” [17]. According to [17], several ingredienteaneeded to enable applica-
tions to operate in a SOC environment. For instance:

— A machine-readable service specification language for gseription of the ser-
vices.

— A service discovery protocol for directory services enadplconsumers to locate
Web Services and to discover their details.

— An open communication protocol enabling consumers to iawdMeb Services and
to capture the results of the requested operations.

— Quality of Service support, in terms of transactional initygsecurity and authen-
tication, and privacy protection.

Moreover, as discussed by Curbera et al. in [9], coordingtimtocols are needed to
orchestrate the invocation of services in complex busifeggss and to handle failure
and recovery during the service execution.

Up to now, the main factor pushing the research on Web Senties been the
management of business interactions in electronic comeme#tere standard flow lan-
guages, such as BPEL4AWS [9], have been defined integrateylsgéware in open,
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Fig. 1. Interaction between end-user, middle agent and Web Setvice

distributed systems. As the main priority of this researcthe composition of suppli-

ers in a possibly complex workflow, major efforts have beerotkd to orchestrate the
invocations of the suppliers. However, the individual segvprovider has been mod-
eled as a functional unit providing an atomic service thay tma requested by means
of synchronous, one-shot interactions.

The exploitation of Web Services in the Adaptive Web may lenses an evolution
of the SOC paradigm where the consumer application andéointegrated Web Ser-
vices customize the services they offer to the individudhaser. We foresee two main
directions (see Figure 1):

— Making a personalized service, such asarecommender system, available asa Web
Service. For instance, a movie recommender could be extended withblcgn-
terface that enables some digital personal assistantsd&erit on behalf of their
users. Moreover, a bank might offer a loan customizatiomiserthat can be ex-
ploited by distributed commercial applications to negetiinancial support for
their customers. Furthermore, an information service irigjtor the type of con-
tent it delivers to the end-user’s device by choosing diferelectronic formats
depending on bandwidth and device capability constraints.

— Composing Web Services in a consumer application offering a personalized ser-
vice to the end-user. For instance, middle agents, such as real estate agentaand
sellers, could develop Web-based applications suppoaticgmpletely automated
interaction with the customer (or with her digital persoasdistant), from the selec-
tion of the good to be purchased to the contract definitiomil&r to the traditional
scenario, populated by human operators, the middle agdmamage a complex
workflow, invoking and orchestrating services such as a#tgs, banks and/or fi-
nancial agencies, in order to offer the customer a perstethBolution. Moreover,
the middle agent could select, out of the pool of alternatiled Services offering
the same service, those best satisfying the customersnerefes [3, 4].

The exploitation of adaptive systems as Web Services, daw#ie personalized com-
position and selection of Web Services in a complex consamication, deeply chal-
lenge the Web Service management and composition techiasldgveloped so far. To
provide a few examples:

— Rich (but scalable) communication protocols and infrattrres should enable con-
sumers and providers to interact with each other. For exantipé composition of
a set of Web Services in a workflow may require the managenfdang-lasting



interactions, to be suspended and resumed, depending amahability of the in-
voked service providers. Moreover, highly interactive V@svices might need to
manage several interaction turns with the consumers,dinturepairs to possible
service failures, before the services are fulfilled.

— The provided communication protocols and infrastructanestto support a flexible
type of interaction with the customer. Some personalizedices, such as those
supporting the booking of hotel rooms and flights, could imgple interact with
a digital personal assistant operating on behalf of theooost. However, other
interactive services, such as those supporting the coafigurof complex products
(e.g., a bicycle, or a loan) and services (e.g., an IP/VPNy wideo conference
service) need to explicitly involve the end-user duringdbeision making, in order
to guarantee that the configuration result fulfills her regmients. If this is not the
case, they should start a new configuration process. Indanfijguration choices
have advantages and disadvantages that, for trust angar@nsy reasons, should
be handled by explicitly involving the user, and possiblgaieed by means of a
negotiation phase that can hardly be carried out by an autzhaasistant.

In a scenario similar to the one depicted in Figure 1, the fiddent needs rich com-
munication capabilities to suitably compose and orchessttee various Web Services
into a personalized interactive service for the end-usest@ener). Specifically, the mid-
dle agent has to manage flexible interactions with the inddkeb Services, as well as
to bridge the communication between the end-user and th&egroviders. Unfortu-
nately, the current standards for the Web Services coniposieglect this communica-
tion aspect and reduce the invocation of service providesstplerequest-reply inter-
actions, where the consumer application requests the garaf an operation on the
provider and collects the results (the current Web Sendoermunication standards are
however evolving to the management of asynchronous conuation; e.g., see WSDL
2.0 [21]). Similarly, the recent proposals concerning wsartered Web Services (e.g.,
[4]), base the retrieval of personalized service resultteriteration of one-shot invo-
cations on the Web Services; in these invocations, the coasapplication employs
personalization and relaxation strategies to retrievereivof alternative proposals to
be presented to the end-user. In contrast, few efforts hewe bevoted to the enhance-
ment of the interaction between all the parties of the Bussine Business relationship,
including the customer. In order to address this issue, we peoposed a conversation
model for Web Services, aimed at supporting complex intemas, where several mes-
sages have to be exchanged before the service is completetiatework, described
in detail in [2, 1], takes inspiration from the traditionahlbg-management approaches
developed in the Computational Linguistics research [Owelver, we have simplified
the conversation model to take the emerging Web Servicadatds into account and
to make the development of an effective conversation fraonkefeasible.

Before presenting our framework, it is worth noting that veswane that the ser-
vice discovery phase has been performed and we focus onrtlieesexecution phase.
The identification of the service provider is a separatevitgtito be performed ei-
ther directly, as suggested in the SOC research (e.g., 4Pe ¢t by exploiting medi-
ation agents, as investigated in the Semantic Web comm[iréityL 2]. Moreover, after



a provider is identified, the consumer should carry an egiading activity out in
order to match its own ontology with that exploited by thevem provider.

In the rest of this paper, we sketch our conversation modktla@ communication
infrastructure we are developing. In particular, we explaiwhich way the communi-
cation features provided by our conversation model sugperinanagement of highly
interactive Web Services, which need to put the end-uséraaop during the service
execution. Specifically, Section 2 describes the framewalare developing; Section
3 presents the related work and Section 4 concludes the.paper

2 A Conversation Model Supporting Web Service Interaction

Our model focuses on two main requirements: first, the madallsl be compatible
with the current standards for the service publication awdgation. Second, the man-
agement should be easy for the consumer, in order to maketdrag¢tion with multi-
ple providers as seamless and possible. We thus designeded amarging the service
provider with the control of the conversation and exphlcguiding the consumer ap-
plication in the service invocation. specifically:

— The service provider describes the offered service bynlisthe operations to be
invoked.

— The service provider may also publish the interaction floec#jcation, although
this is not necessary for the run time management of theaatien with the con-
sumers.

— As the service provider is in charge of controlling the iatgion with the con-
sumers, it has to maintain a local interaction context, &mheactive conversation.

— At each step, the provider enriches the messages it sendsovitextual and turn
management information in order to make the consumer avwaret éhe eligible
turns it may perform.

2.1 Conversation Flow Language

We adopted a Finite State Automaton representation tofyptlei conversation flow at
the conceptual level, as FSA are a simple formalism and theeyall understood; see
also [5] and [6]. As far as the conversation turns are corezkrwe have clearly sepa-
rated the representation of the turn-taking activity (festance, which party can send
messages at each conversation step) from the arguments wietbsages that the peers
exchange. Each conversation turn is aimed at invoking aratipa on the receiver: the
sender asks the recipient to perform the operation oc@iaian argument. For in-
stance, the sender may invoke the execution of a domaihdpeeation, it may notify
the partner about the results of an operation it has jusbpadgd (success, failure), or
it may suspend/resume the interaction.

The conversation turns are represented by means of sendgedssdM) activities
described as WSDL (Web Services Description Language) ff#rations and having
the following arguments:

— The message sender, which may be either the cons0nmerthe service provider
S



— The recipient of the message (similar).

— The object-level operation to be executed by the messageaet

— The list of the possible continuations of the conversatizaxtOps). As the ser-
vice provider is in control of the interaction, this argurhenonly present in the
messages directed to the consumer. The argument includesettof alternative
operations offered by the provider which the consumer megkia in the next con-
versation step.

Our SendM activities are requests that the message sender perfomakimthe receiver
execute the object-level operations. This is differenirfithe normal usage of WSDL
statements, which directly refer to object-level operaiovithout wrapping them in
conversation turns.

2.2 Conversation Flow of a Product Configuration Service

In order to guide the development of our conversation moéedelected a use case con-
cerning the customization of loans. This use case imposeesting requirements on
the interaction between the (human) customer, the midddataand the Web Services
providing basic services; moreover, the use case providesdliatic example where the
customer has to be explicitly engaged in the negotiatioh@biverall service.

The scenario of the loan customization use case is depiotédyure 1: the cus-
tomer exploits a personal assistant to contact a middletggeniding personalized
loans. The middle agent offers a complex service accessdkestandard Web Service
interface. The middle agent exploits and orchestratespigiri\Web Services (banks,
financial agencies, attorneys, etc.) to build the overallise; moreover, it retrieves the
customer’s requirements from the personal agent. In thenpersonal agent can get the
requested information (e.g., her age) from the customees model. However, when
the needed information is not available, the personal aaghd the customer and for-
wards her response to the middle agent, which sends theriatamn to the requesting
Web Service.

The interaction between personal agent and middle agentomagther complex
and involve different phases; e.g., acquisition of somerimftion about the customer,
needed to select the most convenient service providers tomiacted, the manage-
ment of the interaction with the providers, the signaturehef contract. However, in
this description, we focus on the loan configuration procassuming that the middle
agent has selected a specific bank to negotiate the loargfouitomer. In this case, the
loan definition is guided by the bank, which runs the confiareengine for the gen-
eration of loan proposals and retrieves the customer irdion necessary to propose a
solution from the middle agent. The key point is that simplstomer data, such as her
age, might be directly provided by the personal agent, lriatfent might not be able
to make critical decisions and is expected to ask the usartdbem. For instance, the
customer should be in charge of choosing between diffembinations of the loan
duration and its maximum rate. The information items retpeeby the bank have to be

1 For example, banks adopt stricter policies than financiahaigs to decide whether a customer
is eligible for funding.
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Fig. 2. Portion of the representation of the conversation flow ofltia customization service.
Notice that we have labeled the arcs with a boldface ideniifey., “Refusal”) to simplify the
identification of the conversation turns.

providedduring the configuration process to generate a suitable configuradilution.
Moreover, the user can be involved again at the end of theepspdn order to choose
between alternative solutions; e.g., she may inspect ttadlslef the proposed solution
and accept it, or refuse it and start the configuration offexifnt one.

This use case is also interesting from the viewpoint of theraction between the
middle agent and the orchestrated Web Services (e.g., i@ bacause the interaction
flow has to be decided during the service execution, depgratithe business logics of
the invoked Web Service. Therefore, depending on the typeetf Service invoked by
the middle agent, different contract features could beFsathermore, both the invoked
Web Services and the middle agent may need to suspend thersation and resume
it later on, in order to carry out a nested interaction withestparties involved in the
business relationship. For instance, the bank might neiesté&e some remote services
to complete the controls on the good to be funded. Moreokierptiddle agent might
need to suspend the interaction waiting for the customerdvige the requested data,
or to decide whether accepting or rejecting the proposeadisal

Figure 2 shows a portion of the conversation flow specificatar the loan cus-
tomization service. The automaton, held by the bank Webi&grdescribes the data
acquisition and the product proposal phases. The statée @futtomaton represent the
dialog states: the plain circles denote the conversatatestnd the thick dotted ones
(7, 10) are final dialog states. The labels of the arcs reptéke conversation turns.
The states having more than one output arc are alternatiweecsation turns.

In the data acquisition phase, the consumer sends the oaisttata and the re-
guirements on the loan to the Web Service. When the conswetedata, e.g., the pre-
ferred monthly rateSetData(args) operation), the service provider may react in differ-
entways. For instance, it may confirm the correct acquisiithe dataConfirmation
arc) and enable another invocation of 8a&Data operation to let the consumer set other
product features. Or, the Web Service may notify the constinae there was a failure
in the product customization proce$s(lure) and enable the selection of other values



for the conflicting features. The failure management sugsggbe search for a compro-
mise between customer requirements and domain-specifstraomnts.

The data acquisition phase can end in two ways. Either arcaneeable error (e.g.,
the customer’s requirements are incompatible with onetesr@nd thus they cannot be
jointly satisfied), or the customization process succeedstlae service continues the
interaction by proposing the produ@&rpposeProduct). The consumer application may
accept the proposab\¢cept) or reject it Refusal), in which case a different loan can be
configured; the acceptance/rejection depends on the castdecisions. Notice that
both parties may suspend the interaction and resume idatém order to handle delays
due to the invocation of sub-suppliers, or the customespaases.

2.3 Architecture of our Conversation Framework

The previously described conceptual conversation flowiépaton has to be translated
to a standard, executable format, so that service conswaemsasily understand it and
it can be run by a flow engine within the service provider. edigheSendM activity

is a normal WSDL operation, with the only difference that goofi its arguments are
complex XML objects describing the object-level operatiote invoked on the other
participant. The executable specification of the automemrbe derived from the con-
ceptual one by translating states and transitions to aldeifaocess language, such as,
for instance, BPEL4WS, which can be executed by existing #ngines.

Although the WSDL representation of ti¥endM operations makes our conversa-
tion model compatible with the emerging standards for thd \Service publication
and management, it proposes a peculiar exploitation ofdhstoucts offered by such
language. Therefore, specific software is needed to mahageterpretation of the in-
coming WSDL messages (i.e., to extract the information atiminext operations and
the invoked object-level operation at the recipient side) & generate the responses.
In order to manage the conversation at both sides, the tws gbeuld therefore run,
respectively, &onversation Manager and aConversation Client modules. The former
is employed by the provider to manage the interaction wighctnsumers, which would
only rely on the light Conversation Client to parse the inaggrmessages and return
the responses.

The Conversation Client has three main responsibilities:

— Facilitating the reception and interpretation of messages at the consumer side, es-
pecially as far as the interpretation of the eligible conditions of the interaction is
concernedrfextOps argument ofSendM messages).

— Supporting the correct invocation of the operations on the provider, by performing
type and consistency checks to guarantee that the paravadies set by the con-
sumer application satisfy the constraints on the argunwritse operations to be
invoked.

— Facilitating the management of the outbound messages to the provider, by generat-
ing and sending th&ndM messages that specify the invocation of operations on
the provider.

Before binding the invocation of operations to its own besslogic, the consumer
should download from the Web Service site the Conversati@ntto be run during



the service invocation. Moreover, the service provideusthexploit the Conversation
Manager and run it on its own flow specification (executablsiea of the conversa-
tion automaton). It should be noted that the XML represémaif theSendM messages
supports the interoperability between service consunretpeoviders, but the Conver-
sation Client we implemented can only be run in a Java-basdtb@ment. The idea is
therefore that other versions of the Client should be impgletad to provide advanced
conversation capabilities in different environments sashfor instance, .Net. Details
can be found in [1].

3 Related Work

The main difference between our work and other recent appesato the management
of personalized Web Services is that we aim at providing ménsork that can be ex-
ploited to enhance the interaction with current Web Sesyiaghile most of the related
work is focused on Semantic Web Services. For instance gBaikl Wagner propose to
base the personalization of services for the end-user cavéiilability of an intelligent
system that reasons about Semantic Web Services descsigtial applies logical in-
ference engines to support the run-time invocation of dpera[3, 4]. In contrast, our
proposal bases the management of personalized servickg @ossibility of manag-
ing long-lasting, flexible communication between the esdfuthe middle agent taking
care of the Web Service invocation, and the Web Servicessaver, our proposal relies
on the emerging Web Service standards and has thus moreeshiznige employed in
the immediate future.

As discussed in [8] and [3, 4], the personalization featofessed by Adaptive Hy-
permedia techniques could also be applied to support th@asition of Web Services.
All these authors suggest that automated problem solveds t® employed to sug-
gest suitable compositions of Web Services in order to lmdldiplex services, i.e., to
satisfy the goals to be fulfilled by the complex service urndigfinition. As a matter
of fact, the automated generation of flow specifications febV8ervice composition
is a major goal to be achieved and is attracting a lot of dtiarih the Semantic Web
Services research; e.g., see [16]. However, no technicawestieen developed that can
easily be applied to carry this activity out in large Bussws-Business application
domains, without human intervention. In fact, Web Serviaes usually described in
standard formalisms such as WSDL, that do not specify theiramtics. Noticeably,
other approaches have been proposed that support the czestiom of a complex ser-
vice without requiring semantic information about the $&#s to be composed. For
instance, Han et al. [11] explain that a business level caitipa language should be
defined, as an abstraction of the low-level flow specificatitypically provided by
flow languages such as BPELAWS, in order to support the seadministrator in the
customization of the overall service; e.g., the administrenight activate certain sub-
services only at night, or during certain week days. In tl@sspective, the technical
details concerning the Web Service composition, and tteeelbindings to services,
are resolved by a software engineer, who prepares the anvéwot to be customized by
possibly non-expert service administrators.



A different example is provided in more restricted envir@ams, such as the edu-
cational one, where the knowledge representation andmegsframeworks typical of
the Semantic Web are attracting a lot of attention. For imstaan interesting approach
to bring adaptivity into the Semantic Web is proposed by Datd al., who focus on
providing personalized access to distributed resourcas open environment; see [10].
Within the perspective of the Semantic Web, where heteregenresources (informa-
tion and services) are described by means of standardizediate, user requirements
should also be represented in a formal and standard langinageler to apply reason-
ing mechanisms able to personalize the access to such cesour

4 Conclusions

The provision of personalized services based on the omettiest of simpler Web Ser-
vices is often viewed as an activity to be performed in an mated way, without in-

volving the end-user in the service negotiation. In thisgrapre introduced a differ-
ent viewpoint, which includes the user in the loop, and wewlsed the communica-
tion challenges imposed by this viewpoint. We also preskateonversation model for
the management of the communication between Web Serviciowers and providers
aimed at addressing those challenges. Our model enablesathagement of flexible
interactions between:

— The end-user who interacts with services by exploiting e digital assistant;

— The middle agents offering complex services by orchesgatther simpler Web
Services;

— The composed Web Services themselves.

The communication features offered by our model supporptbeision of highly in-

teractive Web Services, such as those carrying out probddving activities (e.g., the
configuration of complex products and services), but candpdied to simpler Web
Services, as well.

We believe that our proposal addresses important opensissu@e provision of
personalized services based on the exploitation of Webi&svHowever, we recog-
nize that our approach is rather conservative as far as toelkdge-sharing aspects
underlying the Web Services cooperation are concernednBtamnce, the management
of a personalized Web Service might rely on the availabidfta user model (either di-
rectly accessible, or provided by a User Modeling Serve})[d&scribing the individual
user’s preferences; see [18, 15, 10]. Unfortunately, uhélSemantic Web becomes a
reality, we believe that this scenario will be hardly apalite in wide Business to Busi-
ness domains.
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