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ABSTRACT
It is now well-admitted that formal methods are helpful for
many issues raised in the Web service area. In this paper
we present a framework for the design and the verification
of WSs using process algebras and their tools. We define
a two-way mapping between abstract specifications writ-
ten using these calculi and executable Web services written
in BPEL4WS; the translation includes also compensation,
event, and fault handlers. The following choices are avail-
able: design and verification in BPEL4WS, using process
algebra tools, or design and verification in process algebra
and automatically obtaining the corresponding BPEL4WS
code. The approaches can be combined. Process algebras
are not useful only for temporal logic verification: we re-
mark the use of simulation/bisimulation for verification, for
the hierarchical refinement design method, for the service
redundancy analysis in a community, and for replacing a
service with another one in a composition.

Categories and Subject Descriptors
D.2.4 [Software Engineering]: Software/ Program Verifi-
cation—Model checking; Formal methods; D.2.1 [Software
Engineering]: Requirements/ Specifications—Languages
(Lotos)

General Terms
Design, Languages, Verification
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1. INTRODUCTION
Web services (WSs) are distributed and independent pieces

of code solving specific tasks which communicate with each
other through the exchange of messages. A more unusual
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specificity that distinguishes them from more traditional
software components is that they are deployed and then ac-
cessed through the internet. Some XML-based standardized
technologies have already been proposed to support WSs de-
velopment: WSDL interfaces abstractly describe messages
to be exchanged, SOAP is a protocol for exchanging struc-
tured information, UDDI is used to publish and discover
WSs, BPEL4WS (BPEL for short) is a notation for describ-
ing executable business process behaviors. WSs raise many
theoretical and practical issues which are part of on-going
research. Some well-known problems related to WSs are to
specify them in an adequate, formally defined and expres-
sive enough language, to compose them (automatically), to
discover them through the web, to ensure their correctness.

Formal methods provide an adequate framework (many
specification languages and reasoning tools) to address most
of these issues (description, composition, correctness). Dif-
ferent proposals have emerged recently to abstractly de-
scribe WSs, most of which are grounded on transition sys-
tem models (Labelled Transition Systems, Mealy automata,
Petri nets, etc.) [5, 15, 24, 13, 20, 12].

With respect to these works, we use process algebras (PAs
for short) as abstract representation. Process algebras offer
more respect to all these previous approaches: they not only
provide temporal logic model checking, but also bisimulation
(resp. simulation) analysis, that is we can establish whether
two processes have equivalent behaviors (resp. whether one
of the two includes the behavior of the other). Bisimulation
analysis is useful to establish when a service can substitute
another services in a composition [7]; another use of bisimu-
lation is to check the redundancy of service in a community.
Because process algebras support simulation analysis, we
can apply to WSs a well-know design method, the hierarchi-
cal refinement [18, 17]: intuitively we start with an abstract
description of a process and we refine it iteratively, obtain-
ing at each step a less abstract one. At each stage, using
simulation and bisimulation we can verify the correspon-
dence between the current version and the previous (more
abstract) one. It can be applied also in the BPEL modelling
of WSs, using the two-way mapping. Moreover we argue,
with a simple consideration, that the simulation can be part
of the problem of automatic composition of services.

In Figure 1 we present a framework, for the design and
verification of WSs using process algebras [6] (e.g. CCS, π-
calculus, LOTOS). In this paper we focus on LOTOS, one
of the most expressive process algebra. We provide a two-
way mapping between BPEL/WSDL and LOTOS, and gen-
eral guidelines for translations between BPEL/WSDL and


