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ABSTRACT

1.

In this paper we study automatic composition synthesis of
e-Services, based on automated reasoning. We represent the
behavior of an e-Service in terms of a deterministic transition system (or a ﬁnite state machine), in which for each action the role of the e-Service, either as initiator or as servant,
is highlighted. In this setting we present an algorithm based
on satisﬁability in a variant of Propositional Dynamic Logic
that solves the automatic composition problem. Speciﬁcally,
given (i) a possibly incomplete speciﬁcation of the sequences
of actions that a client would like to realize, and (ii) a set
of available e-Services, our technique synthesizes a composite e-Service that (i) uses only the available e-Services and
(ii) interacts with the client “in accordance” to the given
speciﬁcation. We also study the computational complexity
of the proposed algorithm.

The Service Oriented Computing (SOC [33]) paradigm offers strong potential for a revolutionary change in the way
the network technology is exploited. It allows for realizing
the so-called virtual enterprises and communities [18, 13],
i.e., a pool of companies that are able to export services as
semantically deﬁned functionalities to a vast number of customers, and to cooperate by automatically composing and
integrating services over a distributed network. Such services, usually referred to as e-Services, are self-contained,
modular applications that can be described, published, located and dynamically invoked, in a programming language
independent way.
Research on e-Services spans over many interesting issues,
including description, discovery, composition, synchronization, coordination, and veriﬁcation [25]. In [34], the Service Oriented Architecture (SOA) is proposed, which is the
commonly accepted and minimal architecture for e-Services.
SOA provides the basic operations necessary to describe,
publish, ﬁnd and invoke e-Services. One of the main issues
in SOC is e-Service composition [33]. e-Service composition
addresses the situation when a client request cannot be satisﬁed by any available e-Service, but by a composition of
them. In other words, the client request can only be satisﬁed by suitably combining “parts of” available e-Services,
also called component e-Services in this context. Composition involves two diﬀerent issues [17]. The ﬁrst, typically
called composition synthesis, is concerned with synthesizing
a composition of available e-Services that satisﬁes a client
request. The synthesis process produces a speciﬁcation of
how to coordinate, or orchestrate, the component e-Services
to fulﬁll the the client request. Such a speciﬁcation can be
produced either automatically, i.e., using a tool that implements a composition algorithm, or manually by a human.
The second issue, often referred to as orchestration, is concerned with how to actually execute the composition of the
e-Services produced by the composition synthesis, by suitably supervising and monitoring both the control ﬂow and
the data ﬂow among the involved e-Services.
In this paper, we deal with composition synthesis, by following the approach of [6]. That approach has two notable
features on which we build here:
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Engineering]: Software/Program Veriﬁcation—Formal methods; F.3.1 [Logics and Meaning of Programs]: Specifying and Verifying and Reasoning about Programs—Logics
of programs
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• The composition is based on the ability of executing
the available component e-Services concurrently, and

