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Abstract—We propose a lightweight service-oriented mid-
dleware infrastructure for supporting robust and efficient
peer-to-peer (P2P) computing. This middleware uses a com-
munity of proxy agents (located in some peers) which cooper-
ate among themselves to offer efficient data sharing and
download operations across the P2P network. OQur proposed
framework provides in-grained Quality of Service (QoS) sup-
port for satisfying a wide-range of application-level perform-
ance requirements, which is especially critical for emerging
real-time P2P services. The proxy agents operate with flexible
policies for managing an adaptive distributed storage system.
This smart P2P infrastructure support delivers interoperable
and reliable services to provide synchronous and asynchro-
nous exchange of data and remote procedure calls (RPC)
among concurrent peer-to-peer applications.

Index Terms—Middleware, agents, Web services, peer-to-
peer computing.

I. INTRODUCTION

The increasing move towards extensive automation and
streamlining of business processes has fuelled interest in
Service-Oriented Architecture (SOA) as business processes
are likely to involve high number of participants with di-
verse and incompatible technologies. SOA is an approach
for designing, architecting and delivering standards-based
and loosely coupled integration where software capabilities
are seen as services delivered and consumed on demand. It
promises applications that are composed of Internet acces-
sible, independently developed and replaceable software
components that are discovered at run-time [10]. The key
goal of SOA is to provide a flexible and agile model of in-
tegration through reduced interdependencies as well as
higher level abstraction and encapsulation, hence the in-
creased ability to align applications with changing business
requirements. Message-based interactions using an asyn-
chronous sequence of documents exchanges (rather than
invoking methods on interfaces) are seen as the core build-
ing block for applications using this emerging computing
paradigm as they provide the glue that ties services together
[35]. We can characterize SOA by the triple <Services,
Messages, QoS/Policy>. With services being the compo-
nents of the architecture and commitments specified
through messages as the glue that holds the different pieces
of the architecture together, the Quality of Service (QoS)
attributes can be regarded as the constraints that regulate
how the different services may interact and how they might
be composed. In SOA, QoS refers to a wider range of non-
functional service characteristics, such as availability, reli-
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ability, security, and performance. The key challenge is
“How to provide accessible, reliable, secured, and trustwor-
thy Web services?”

Moreover, the decentralized nature of Web services does
pose new challenges introduced by increased latency (as
services may span multiple computer systems in numerous
geographic locations) and cross trust-domains integration
(as services may be owned by different entities so the per-
formance and availability are beyond the consumer influ-
ence). This raises the need for new Internet-scale integra-
tion middleware to facilitate communication between par-
ticipants and support reliable long running transactions.
This mediating layer shall be responsible for:

Store-and-forward reliable and intelligent messaging
Policy-driven message validation (i.e., validate struc-
tural correctness and semantic compatibility), filtering,
transformation (e.g., correct message format mis-
match), and routing
Security enforcement and transaction coordination
Service management, QoS monitoring and audit
In our current research, we aim to build a smarr middle-
ware infrastructure for supporting robust and efficient peer-
to-peer programming and applications. Our proposed
framework provides in-grained Quality of Service (QoS)
support for satisfying a wide-range of application-level per-
formance requirements, which is especially critical for
emerging real-time P2P services. We propose to achieve
this by using a community of smart proxy agents operating
with flexible policies and an adaptive distributed storage
system. (We later plan to use our framework for building
applications in medical information systems.)

This paper presents the conceptual design and frame-
work of our smart P2P middleware. The rest of this paper
is organized as follows. Section 2 briefly discusses back-
ground material about peers interacting via their Web ser-
vices and proxy agents. Section 3 presents the conceptual
framework of our middleware, with the main components
outlined in Section 4. As this is only a proposal, in Section
5, we present a summary of our innovative approach and
discuss our ongoing work.

II. BACKGROUND AND PROBLEM AREA

There is a revolution underway that represents a new
computing model for the Internet. Its impact is comparable
to the introduction of the World Wide Web in the 1990s.
This revolution is being sparked by a phenomenon known
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