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In the context of Service Oriented Computing behavioural contracts are descriptions of the observable 
message-passing behavior of services. In other terms, contracts are behavioural interfaces that can be 
used, for instance, to check whether a group of services can be safely combined avoiding, e.g., 
undesired deadlocks. In this paper we consider the problem of discovering available services that can 
be used to implement a given service system. The idea is to first design a service system by describing 
the overall behaviour of each of its participant, and then instantiate such participants retrieving services 
exposing a behavioural contract which is conformant with the corresponding given behaviour. 
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1. INTRODUCTION 

Service Oriented Computing (SOC) is a paradigm for distributed computing based on services intended as 
autonomous and heterogeneous components that can be published and discovered via standard interface 
languages and publish/discovery protocols. Web Services are the most prominent service oriented technology: 
Web Services publish their interface expressed in WSDL, they are discovered through the UDDI protocol, and they 
are invoked using SOAP.  
Even if one of the declared goal of Web Services is to support the automatic discovery of services, this is not yet 
practically achieved. Two main problems are still to be satisfactorily solved. The first one, investigated by the 
semantic web research community, is concerned with the lack of semantic information in the description of 
services. The second problem, addressed in this paper, is concerned with the problem of guaranteeing that the 
interacting services are compliant in the sense that their behaviours are complementary. In particular, it is important 
to check whether in a set of services, combined in order to collaborate, no service deadlocks waiting indefinitely for 
a message that never arrives.  
In order to be able to check the compliance of the composed services, it is necessary that the services expose in 
their interface also the description of their expected behaviour. In the service oriented computing literature, this kind 
of information is referred to as the behavioural service contract [12]. More precisely, the service contract describes 
the sequence of input/output operations that the service intends to execute within a session of interaction with other 
services. 
Compliance checking based on the behavioural descriptions of the composed entities has been already 
considered, for instance, in the context of component-based systems (see e.g. [10, 2, 19]) or for client-service 
interaction [11]. In this paper, we consider a different scenario with respect to both approaches.  
As far as component-based systems are concerned, the commonly adopted approach is to synthesize either 
wrappers or adaptors that respectively block (the non compatible) part of the behaviour of one component or deal 
with possible mismatchings between the combined components. The approach adopted in this work is different 
because we address the problem of composition without the introduction of any additional wrapper or adaptor. In 
other terms, we consider the problem of retrieving some already available services in order to implement a correct 
composition without the introduction of any additional element. In the service oriented computing literature, the 
approach we consider is known with the name of choreography [23], which contrasts with the orchestrated 
approach [21] according to which all services communicate only with a central orchestrator. It is worth mentioning 
the fact that we could define our theory having in mind components instead of services. Nevertheless, our 
assumption about the choreographic approach makes all our theory more related to the current vision of service 
oriented computing. 
As far as client-service interaction is concerned, we assume a more general context in which an arbitrary number 
of interacting services communicate directly without the presence of any central coordinator. We call this different 
context multi-party composition. Moving from a simpler client-service to a more complex multi-party scenario 
introduces several interesting new problems such as independent refinement. By independent refinement we mean 
the possibility to replace several services in a composition with other services that are selected one independently 
from the other ones.  
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More precisely, the aim of this work is to exploit the notion of behavioural service contracts in order to define a 
theory that, on the one hand, permits to formally verify whether they are compliant (thus giving rise to a correct 
composition) and, on the other hand, permits to replace a service with another one without affecting the 
correctness of the overall system. In this case we say that the initially expected contract is replaced with one of its 
subcontracts.  
We intend to formalize a notion of subcontract to be exploited in the service discovery phase. Consider, for 
instance, a service system defined in terms of the behavioural contracts to be fulfilled by each of the service 
components. The actual services to be combined could be retrieved independently one from the other (e.g. 
querying contemporaneously different service registries) collecting services that either expose the expected 
contract, or one of its subcontracts. Another application that we foresee for our notion of subcontract is for service 
updates, as a mean to ensure backward compatibility. Consider, e.g., a service that should be updated in order to 
provide new functionalities; if the new version exposes a subcontract of the previous service, our theory ensures 
that the new service is a correct substitute for the previous one. 

2. TECHNICAL CONTRIBUTION  

The main contribution of this work, detailed in [9], is to generalize results that we have presented in [3, 7]. In [3, 7] 
we have introduced our approach for the definition of a subcontract relation: we first assume that this relation 
should be a pre-order, then we formalize the property that we want a “good” subcontract pre-order should preserve, 
and finally we define our relation as the maximum of such pre-orders (i.e. the union of all pre-orders satisfying the 
considered property). This is similar to the co-inductive approach considered, e.g., in the definition of the 
bisimulation relation for CCS [20]. More precisely, in [3, 7] we have presented a theory, developed following this 
approach, considering two specific languages, one for contracts and one for service systems. In this  work we 
generalize such theory in two ways. On the one hand, we do not consider any specific contract language thus 
presenting a version of our theory that can be applied to any contract language satisfying a property, called output 
persistence, that we will discuss in the following. On the other hand, we do not make any specific assumption on 
the way service systems are specified (in [3, 7] we defined a subcontract relation assuming a precise form of 
service system specifications in which the restriction operator is applied directly to contracts and not to parallel 
compositions of contracts).  
More formally, we consider a generic language for behavioural contracts essentially consisting of a process 
algebraic representation of labeled transition systems defined on internal, input and output actions, and an 
additional action representing successful completion. Then, we define a language for service system specification 
that simply allows for the composition of contracts with the parallel and restriction operators. We use this latter 
language to formalize the notion of compliance: n services/contracts are compliant if their composition is 
guaranteed to successfully complete without deadlocks or livelocks. After having formalized compliance, we are 
able to formalize the property that each refinement should satisfy: a refinement is a subcontract pre-order if it 
preserves service compliance, namely, given n compliant services, and substituting each of them with one of its 
refinements, the achieved n services are still compliant. Then we define the subcontract relation as the union of all 
subcontract pre-orders. One of the main results we have proved is that for the class of behavioural contracts that 
we consider, the subcontract relation achieved according to this approach is actually the largest subcontract pre-
order thus allowing for the independent replacement/retrieval of contracts. In fact, in other theories of contracts 
recently proposed in the literature (details are reported in the next subsection), independent replacement is not 
allowed.  
This difference with respect to other contract theories relies on the output persistence property that we impose on 
behavioural contracts: a contract is output persistent if once a contract reaches a state in which it can perform an 
output operation, this operation must be eventually executed from the contract before successful completion. This 
property is usually satisfied by languages for composing services, such as WS-BPEL [21], in which output 
operations cannot be guard in external choices. In these languages, once an output action is executable by a 
process, this output must be executed before the process successfully completes.  
Another important technical achievement of [3, 7] is a characterization of the subcontract relation in a testing-like 
scenario [15]: we can prove that a contract C’ is a subcontract of C if, after some appropriate transformations 
applied to both C’ and C, the former is guaranteed to satisfy at least all the tests satisfied by the latter. In particular, 
we show how to use the theory of should-testing [22] to prove that one contract is a subcontract of another one. An 
important consequence of this characterization is a precise localization of our refinement with respect to traditional 
refinements such as failure refinement, or simulation (i.e. half-bisimulation): the refinement that we achieve as the 
largest one preserving compliance is coarser than both failure refinement and simulation.  

3. RELATED WORK 
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As stated above, we resort to the theory of testing, in particular, to the must-testing pre-order. There are some 
significant differences between our form of testing and the traditional one proposed by De Nicola-Hennessy [15]. 
The most significant difference is that, besides requiring the success of the test, we impose also that the tested 
process should successfully complete its execution. This further requirement has important consequences; for 
instance, we do not distinguish between the always unsuccessful process 0 and other processes, such as

1
 a.1 + 

a.b.1 for which there are no guarantees of successful completion in any possible context. Another significant 
difference is in the treatment of divergence: we do not follow the traditional catastrophic approach, but the fair 
approach introduced by the theory of should-testing of Rensink-Vogler [22]. In fact, we do not impose that all 
computations must succeed, but that all computations can always be extended in order to reach success.  
It is well known that the De Nicola-Hennessy must testing pre-order and the CSP failure refinement [17] coincide 
(at least for finitely branching processes without divergences [14]). It is interesting to say that the failure refinement 
has been already exploited for checking component compatibility by Allen and Garlan in [1]. Similarly to our theory, 
the failure refinement is used to prove that a component can be replaced by one of its refinements in a component 
composition. Differently from our theory, a composition of several components is obtained adding a Glue 
component which behaves as a mediator for every component interaction. This Glue component permits to cut the 
additional actions that the refined components may include. The main difference with our theory is that, in our 
context, we have no mediator that allows us to cut additional behaviours of refined services. Nevertheless, the 
output persistence property that we consider allows us to replace a service with another one having additional 
behaviour.  
Behavioural contracts have been initially introduced in the context of process calculi by Fournet et al. [16]. As far as 
service oriented computing is concerned, an initial theory of contracts for client-service interaction has been 
proposed by Carpineti et al. [11] and then independently extended along different directions by Bravetti and 
Zavattaro (see, e.g., [3-9]) by Laneve and Padovani [18], and by Castagna et al. [13]. See [9] for a detailed 
comparison.  
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 We use “0” to denote unsuccessful termination, “1” for successful completion and “_+_” for choice composition. 
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