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Abstract environment, that results in the possibility for enterprises

to release from the burden of complex, slow and expensive

The ultimate vision for eBusiness is an Internet-based software integration and to focus instead on the value of
global market place, accessible to all enterprises, regard- their offerings and mission critical tasks.
less of size and geographical location, where automatic co-  As part of the NeP4B project, our goal is to design a scal-
operation and integration among firms are allowed and en- able and flexible framework to provide advanced enterprise
hanced. A powerful mean for these purposes is representednteroperation in a common business environment. This is
by sharing, reusing and composing value-added servicesbased on a peer-to-peer (P2P) data-driven SWS network for
made available on the Web, i.e. Web services. In this sce-B2B applications. Firms are free to join and leave the net-
nario, by making the Web content machine accessible andwork at any time, to act both as a providers of their own
understandable, semantic Web services aim to provide effiservices and consumers, and to classify their own profiles,
cient and effective Web service automatic discovery, selec-offers, services and other features to gain public visibility to
tion, and composition. As part of the NeP4B project, in this potential customers and partners. To support this objective,
paper we propose an architecture to address these issues irin this paper we present the FEER framework. This
a flexible and scalable P2P network. provides an architectural solution to overcome the hetero-
geneity of dictionaries and the lack of shared service knowl-
edge due to the autonomy and heterogeneity of peers in such
a dynamic context, creating the proper environment for ser-
vice automatic composition to be performed.

Starting from the context definition (Section 2), we will

Currently the Internet is mainly a collection of informa-  discuss the main architectural issues (Section 3) and pro-
tion but does not yet support processing this information. pose a possible architectural solution to face the identified
Recent research efforts on semantic Web services (SWSsghallenges in the NeP4B project (Section 4). We will then
aim to make this information machine accessible and un-go through a sample execution flow (Section 5) and provide
derstandable, trying to lift the Internet to a new level of ser- conclusions and future work (Section 6).
vice. The ultimate vision is to enable full interoperability
between users through a semantic Web of services WhOS? Semantic Web and P2P for Co-opetition
properties, capabilities, interfaces and effects are encode
in an unambiguous form [10]. The Internet could then be-
come a global common platform where to carry out various

1. Introduction

Information and communication technologies (ICTs)
. - over the Web have become a strategic asset in the global
commercial activities. It would be able to lessen market : . -
. . . - economic context. The Semantic Web fosters the vision
failures lowering the barriers to providing new offers and .
of an Internet-based global market place, accessible to all

entering new markets and to allow automatic cooperation . : .
. small and medium enterprises (SMEs), regardless of size
and supply chain integrated management to create and sus-

. i . : nd geographical location, to allow and enhance automatic
tain competitive advantage. Semantic Web services hea ; o o
LT o ; - cooperation and competition (co-opetition) to face global-
in this direction, aiming to realize automatic discovery, se-

. s - . ; ization main challenges. In this setting, peer-to-peer archi-
lection and composition of existing services. In a business : . .
tectures well support firms engaged in business network re-

*This work has been partially supported by the Italian Council co- ationsto intera.Ct with each other both as providgrs and con-
founded FIRB Project: “NeP4B: Networked Peers for Business”. sumers of services. To allow them to communicate, there




is the need to cope with the inherent heterogeneity of thisand the location of data within the system, i.e. structured
open environment. Therefore peer-to-peer systems empowsystems as Chord (e.g. [6]), or only defining its topology
ered by Semantic Web technologies represent a valid mearex-ante (e.g. [15]).
to provide solutions for both the interoperability and com- Finally, it should be noted that both approaches rely on a
municability needs. common service dictionary for composition to take place.
To develop this vision, NeP4B bases on the development Considering all of the above, we propose a hy-
of a suite of intelligent, trusted and distributed data-driven brid approach, thé&Lexible GOal-Oriented WEb SeRvice
services, with high added value. It relies on the concept of (FLO?WER)framework, which exploits the advantages of
semantic peers constituting a virtual network, where eachcentralized registries for service discovery and composition,
peer represents a SME exposing Web services on the baas well as the dynamism of non-structured P2P networks
sis of its own internal and external business needs. Peershat ensure the peers’ full autonomy.
are fully autonomous of participating to the network and of

joining and leaving it at any time. 4 The FLO2WER Framework
Each SWS is marked up by adopting an ontology lan-

guage such as DAML/OWL-S [5] and relies on its peer’s L .
underlying data, described by a schema referring to a lo- The main |de_a_of the FLOVER framework is _t_hat,
cal dictionary. Data may be a collection of structure, semi- Wh'le not centr_ahzmg_ the knowledge of what specific Ser-
structured, unstructured and multimedia data, which can peV!Ces are available n th? system, we kegp cgntrahzed
shared among peers in order to allow services, particuIarlykmwmdge of what objectives may be satisfied vv_|th|r.1 the
network, namelyGoals A Goal is the conceptualization

information providing services, to collect information by ) ) : : . .
of a domain of services whose ultimate aims are identi-

spanning over the network. To this end, schema mappings | imilar. F I I . that. in th
are provided locally between pairs of peers. cal or similar. For example, all services that, in the same

In this distributed and heterogeneous context, Servicesgeographical area provide driving directions from a depar-

have to be searchable to meet users’ requests and invocabltt;"fIre point to a destination. Some could allow the requester

both for a stand alone execution or an automatic composi—tc;] crr:ootse ratr:onrg d|tffererr11t rr(r)]iutel op;]tlonvt,hiflor iﬁan\I/? thlg
tion process [4, 7]. The latter is crucial to allow scalability, shortest or the most economical one, € others wou

flexibility and effectiveness of the service network, because only provide the fastest. Even if they may have different

it envisions the challenging task of enabling the automatic _re_zference dictionaries, specific requirements or functional-
re-use of existing services to generate new services. |t!es, they do.ansyver th? same reqL_lestors neeq. To pro-
vide driving directions within a certain geographical area.

. ) Therefore they would be well represented by the same Goal.
3 Web Service Architectures: State of Art Each Goal specifies therefore a subnetwork of specific ser-
vices, and it is stored in an appropriate repository, called
Much of the work done on Web service architectures Goal Repository
proposes solutions based on centralized registries, such as Using a repository of Goals has several advantages that
UDDI [1], where every Web service coming on line ad- do not come with loss of flexibility or scalability. Firstly,
vertises its capabilities and functionalities with the registry. Goals constitute the domain for the composition purposes.
Centralized control of published services allows to ease dis-Now its dimension is greatly reduced w.r.t. the underlying
covery and composition of services but it suffers from the service level as Goals only represent the objectives the net-
traditional weaknesses of centralized systems, namely sinwork is able to satisfy rather than how they are satisfied.
gle point of failure, and performance bottlenecks. Further- In this way, we move the issues of discovery and defin-
more, these solutions do not ensure the required scalabilitying a composition pattern from service level to Goal level,
to support a flexible and dynamic environment such as thenamelyGoal discoveryand Goal compositiommespectively.
NeP4B context. Once Goals have been identified, it is possible to limit the
An alternative to this approach is provided by P2P com- search of the most suitable candidates within their own ser-
puting, where Web services interact with each other dynam-vice networks, e.g. for the composition synthesis process
ically, without any centralized control. In such a context, [2, 11].
there have been several proposals for Semantic Web ser- Secondly, the Goal layer acts as a “semantic service inte-
vice discovery (e.g. [13, 16]). However such a decentral- grator” reconciling peers’ service models and dictionaries.
ized scenario does not well support automatic compositionGoals are indeed described in a common language and con-
of services because it does not provide a known and defi-sistency of concepts within the Goal space is ensured by
nite service space, as needed for this process. There haveeferring to a domain ontology. In this way the inherent
been several proposals to overcome these problems by eiheterogeneity of an open P2P system is reconciled within a
ther trolling both the construction of the overlay network homogenous space allowing the communication of different
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Figure 1. The FLO 2WER Architecture

services through the Goal layer. In the literature, there areapproaches [3]: A service-oriented approach for Goal de-
several works dealing with the issue of building semantic scriptions, as they are built taking into account the service
service integration systems for composition purposes (e.g.available in the underlying P2P network; a client-tailored
[2, 17, 14]). However, they mainly focus on the transla- approach for the domain ontology which is independent
tion of service descriptions into an internal form to apply from the services available and that, if needed, can be down-
specific techniques for automatic composition. In this pa- loaded off the Web.
per, rather than focusing on this aspect, we create a proper Here, DAML-S is used to describe capabilities of a Goal
interoperable environment for such kind of proposals be ap-as the Service Profile of a Web service. It describes a
plicable in our context, regardless of their specificity. Goal as an atomic process thus specifying what the Goal
A schema of the FLAWER architecture we propose is is for, the inputs it requires, the outputs it produces and the
shown in Figure 1. It is a high level description which is pre-conditions that must hold for the Goal to take effect.
meant to show the basic processes and data flows needeDAML-S Service Profile also describes the post-conditions,
to support automatic semantic Web service handling. Iti.e. the service execution effects on the real world. How-
is composed of three main modules, tRequest Man-  ever, for Goal discovery and composition, we are concerned
ager, the Match Engineand theObjective Engingand it with the knowledge effects (outputs) rather than the phys-
is founded on the community ontology [3] described in the ical effects (post-conditions) of executing Web services,
Goal Repository. which might in turn be relevant for invocation. Inputs, out-
The user interacts with the system through the Requestputs, and pre-conditions refer to the domain ontology and
Manager. Activating the other modules, which are de- are mapped towards the underlying Goal's subnetwork of
scribed in the following subsections, it allows to perform services. Thus, we do not maintain mappings from the do-
three basic operations: Look for, add, or delete a Web ser-main ontology to the peers’ schemas, but they can be de-
vice. rived from the mappings between Goals and services.

4.1 The Goal Repository 4.2 The Match Engine

The Goal Repository comprises several aspects: a It is invoked by the Request Manager when the user
DAML-S description of Goals and a DAML domain on- adds or looks for a service and it is composed byDie
tology which represents the semantics of the information ambiguatorand theDAML-S Matcher The Disambigua-
and data of the application domain. It may also include a tor takes non-DAML-S user’s request and outputs a cor-
service ontology specifying the meaning of the offered op- responding DAML-S description disambiguating the infor-
erations. To this extent, we adopt two semantic integration mation managed against the domain ontology. A disam-



biguation process is described in [9]: Future research onspectively.

this approach aims to also disambiguate natural language The Composition Engine implements the Goal discov-
requests within an accuracy range. The DAML-S Matcher ery and composition, identifying Goals suitable to answer
takes a DAML-S user’s request to match it with the Goal's a user’'s request. Once one Goal or a pattern of Goals
descriptions. [13] proposes a possible implementation of have been found, the Composition Engine invokes the WS
the matcher in [12] in an unstructured P2P context. It is Manager which handles the automatic service composition
composed by thBAML-S Parserand theDAML-S Proces-  process. It is constituted by théfeb Service Select@nd

sor. The former translates DAML ontologies and DAML-S theWeb Service InvokeThe Web Service Selector enters,
specifications in a set of predicates, whereas the latter im-through the entry point, each of the Goal subnetwork identi-

plements a DAML inference engine. fied, and selects the most suitable service based on different
ranking criteria such as reliability, cost, quality of service,
4.3 The Objective Engine trust and reputation and, if available, on its process descrip-

tion’. Once Web services have been selected, the Web Ser-
vice Invoker manages their execution and communication.
SSuccessful Goal composition patterns are then stored in the
Goal Repository for future use.

The central component is th@oal/Service Interface
Besides mediating between the other components, it allow
the automatic creation, activation, deactivation and deletion
of a Goal. A Goal is deactivated when its subnetwork is
empty, and it is activated again if it matches a new serviceS A Sample Execution Flow
to be added to its network. There may be several possible
policies to adopt for deletion, e.g. timeouts: A deactivated There are three main execution flows, associated with
Goal could be deleted after a certain time interval during the request, the insertion, and the deletion of a Web service,
which it did not match any new added service. respectively. For space reasons, we show only the case of

The Semantic Network Buildeis activated to accom- a Web service request, going through an example. Let us
plish a delete or a add service request and drives the inteconsider a specific application scenario, such as the mul-
gration process necessary to add or delete a service. It mapsmedia industry. In such a context, consider a traditional
each Goal to only one service, called #ry pointof the information provider enterprise which would like to exploit
Goal subnetwork While a structured network is supposed the potentials of providing information through the new mo-
not to be appropriate in the NeP4B context, we can still bile media platform (SMS, MMS, WAP). It has the con-
control how each subnetwork should evolve, optimizing a tent, but does not have the proper competencies to manip-
trade-off between the cost of establishing mappings and theulate it, refining it and making it suitable for the new plat-
cost of navigating the network in the search of proper ser-form, nor to distribute it via the new infrastructure. There-
vices to be chosen. There are several topologies to com+fore, to reach its objective, it needs to cooperate with other
pare, such as ring, bus, or Cayley graphs networks like hy-enterprises whose expertise is in these fields of business.
percubes or star graph [15]. When a new service joins theThe FLO*WER Architecture could ease its discovery task
network, it is matched against existing Goals. If a matching and also provide a composed service able to entirely sat-
Goal is found, the Semantic Network Builder maps the new isfy its conversion and distribution needs. The information
service semantically to a service of the subnetwork, namelyprovider starts therefore expressing its needs by using the
the service integrator This is in charge of providing the  Service Request module. Suppose it states it is looking for
new service with the semantic mappings needed depending service to distribute pictures and text to mobile phones
on the policies adopted for the network construction. When The request is passed to the Disambiguator in the Match
a service leaves the network, the same process takes pladéngine, which produces a DAML-S description to pass on
to create the new mappings as required to maintain the netto the DAML-S Matcher, which, through the Goal/Service
work topology. Such new semantic mappings are derived byInterface, looks for the Goal which best satisfies the request,
the Goal matching information, along the path of mappings among those in the Goal Repository. Suppose that a match-
from the entry point to the service integrator, assuming the ing Goal is found, whose description risultimedia distri-
mapping function to be transitive. At last, when a matching bution through mobile media platformThe Composition
Goal is not found for a new service, or when the last service Engine is thus invoked and finds, for example through an
of a Goal subnetwork leaves the system, the Semantic Net-algorithm based on outputs-inputs matching, as the one in
work Builder passes this information to the Service/Goal [8], a possible composable Goal, whose descriptionak-
Interface, that provides to create or deactivate the Goal, re-ing multimedia suitable for mobile media distributiorhis
composition is therefore proposed to the service provider,

1There may be also more entry points to one subnetwork to avoid single
point of failure. What matters is that the Goal does not have to know the ~ 2DAML-S Web service description includes a Process Model, where it
whole set of services which constitute its subnetwork. is defined what is needed for a proper interaction of services




which may then accept it, if its format is not already suit-
able. Once the user has accepted, the Web Service Invoker
invokes the best service of each Goal (either automatically
chosen under some user’s defined criteria, such as cost, re-
liability, or service execution time, or selected by the user
itself) and maps its inputs and outputs to the Goal ones to
allow the two different services to communicate and ex-
change data consistently through the Goal layer. This is per-
formed exploiting the semantic mappings established in the
network of services underlying the selected Goals. When
the last service is executed, results are returned to the in-
formation provider, which has therefore been able to auto-
matically discover and cooperate with other enterprises to
satisfy its needs.

6 Conclusions

In this work, we addressed the architectural issues in-
volved in the specification of a flexible framework to sup-
port large scale interoperation of semantic Web services in
a dynamic and heterogeneous P2P context. At this purpose,
we have adopted a hybrid approach which exploits the ad-
vantages of centralized registries for service discovery and
composition, as well as the dynamism and the scalability of
non-structured P2P networks.

The FLO*WER architecture we propose aims to over-

[4]

[5]

[6]

[7]

[8]

[9]

come the heterogeneity of dictionaries and the lack of [1]

shared service knowledge due to the autonomy of peers in
the NeP4B scenario, and allows to create the proper condi-
tions for the application of specific techniques for automatic

composition of semantic Web services. This is performed [11]

by introducing Goals as centralized knowledge of what ob-
jectives may be satisfied within the network, which allows

to greatly reduce the domain for the composition purposes,12]

abstracting from service specificities, and focusing on the
capabilities of domains of services.
We believe that this work might constitute a solid starting

point for the NeP4B project as it defines the basic building [13

blocks and execution flows to enable automatic service dis-
covery and composition. In our future works we will focus

on the development of the FZ@/ER components. [14]
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