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Abstract. Rigorous modelling of the intended behaviour of software in-
tensive systems has been shown to be successfull in uncovering require-
ments and design flaws. However, the impact that behaviour modelling
has had among practitioners is limited. The construction of behaviour
models remains a difficult and laborious task that requires significant
expertise. In addition, traditional approaches to behaviour models re-
quire complete descriptions of the system behaviour up to some level
of abstraction. This completeness assumption is limiting in the context
of software development process best practices which include iterative
development, adoption of use-case and scenario-based techniques and
viewpoint- or stakeholder-based analysis; practices which require mod-
elling and analysis in the presence of partial information about system
behaviour. Our aim is to support the iterative and incremental construc-
tion of behaviour models by means of construction, composition and
analysis of partial, heterogeneous, yet formal, descriptions of behaviour.
In this talk we discuss how modal transitions systems can provide the
basis for such support and present some of the model synthesis and com-
position techniques we have developed.

1 Introduction

Software systems are amenable to analysis through the construction of behaviour
models. This corresponds to the traditional engineering approach to construc-
tion of complex systems. Models can be studied to increase confidence on the
adequacy of the product to be built. The advantage of using behaviour models
to describe systems is that they are cheaper to develop than the actual system.
Consequently, they can be analysed and mechanically checked for properties in
order to detect design errors early in the development process and allow cheaper
fixes.

Although behaviour modelling and analysis has been shown to be successful in
uncovering subtle requirements and design errors, adoption by practitioners has
been slow. Partly, this is due to the complexity of building behavioural models
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in the first place – behaviour modelling remains a difficult, labour-intensive task
that requires considerable expertise. To address this, a wide range of techniques
for supporting automated and semi-automated synthesis of behaviour models
have been investigated. In particular, synthesis from scenarios and use cases
(e.g., [24,10,3,19]), has been studied extensively.

A current limitation of synthesis approaches is that the models being synthe-
sized, e.g., labeled transition systems (LTSs) [14], are typically assumed to be
complete descriptions of the system behaviour. That is, that they completely
classify all behaviours with respect to some fixed alphabet as either behaviour
that the system-to-be is required to exhibit or behaviour that the system-to-be
is prohibited from exhibiting. The required behaviour is decribed by the transi-
tions that appear in the behaviour model. The proscribed behaviour is defined
as anything that is not described by the model’s transitions. This completeness
assumption that usually is attached to behaviour models is problematic if these
models is to be built from a scenario based-specifications which is inherently
partial as synthesis procedures are left to cope with completing the specification
automatically, or the engineer is required to put in more information before any
meaningful analysis can be performed. Utlimately, this completeness assumption
is limiting in the context of software development process best practices which in-
clude iterative development, adoption of use- case and scenario-based techniques
and viewpoint- or stakeholder-based analysis; practices which require modelling
and analysis in the presence of partial information about system behaviour.

A workaround to the completeness assumption is to reinterpret the two sets
of behaviours that a behaviour model describes. Rather than interpreting the
behaviour that cannot be reproduced by the transitions of a model as proscribed
behaviour, it can be interpreted as being “yet to be determined”. This interpre-
tation works for scenario-based specifications that have an existential semantics
(e.g. MSCs [13]) as these specifications provide examples of what the system
must do, but do not say anything about what it must not do. Consequently, a
behaviour model synthesized from scenarios provides a lower bound from which
to identify the behaviours that the system will provide but that have not been
explicitly captured by the scenarios. As these new behaviours are identified, they
are added to the scenario specification which is then used to synthesis a new be-
haviour model that includes these new behaviours. This elaboration process can
be formalised at the behaviour level with some notion of refinements such as
trace inclusion or simulation [20].

An alternative workaround is to consider the behaviour explicitly described
by the transitions of a behaviour model as unclassified and to assume that the
rest of the behaviour is known to be proscribed. This is the interpretation taken
for senario-based specifications that have a universal semantics such as Con-
stant LSCs [10]. In such approaches, as with approaches that do synthesis from
declarative specifications such as goal models [19]. The specification prunes the
acceptable space of behaviours as more universal properties are added to the
specification. The fact that a behaviour satisfies a universal statement does
not mean that the system is required to provide that trace; the trace could be
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violating another property, possibly one yet to be elicited. Consequently, a be-
haviour model synthesized from properties should characterize all possible be-
haviours that do not violate the properties. Such a model provides an upper
bound on all the behaviours that the system will actually provide, once imple-
mented. Validation of behaviour models synthesized from properties can prompt
the elicitation of more properties, which in turn will further approximate from
above the intended behaviour of the system to be. In other words, as new prop-
erties are elicited, the resulting synthesized model will be able to do less (notion
that can be formally captured using a traditional notion of refinement such as
simulation), describing behaviour that is closer to that of the system to be.

The problem is that if behaviour models are to be synthesised from rich sce-
nario based languages that use combine existential and universal scenarios as
first envisioned in [10], the target synthesis formalism cannot be in the form
of traditional behaviour models such as LTS because these are not capable of
capturing simultaneously both the upper and lower bounds [22] that universal
and existential statements provide.

2 Partial Behaviour Models

Partial behaviour models, such as Modal Transition Systems (MTS) [17], disin-
guish between three kinds of behaviour, required, proscribed and unknown, and
therefore can describe both an upper and a lower bound to the intended sys-
tem behaviour, allowing both bounds to be refined simultaneously. For instance,
MTS are equipped with two kinds of transitions required transitions and possible
transitions. The former provide a lower bound to system behaviour, while the
latter provide the lower bound to system behaviour.

The semantics of a partial behaviour model can be thought of as a set of tra-
ditional behaviour models. For instance, MTS semantics can be given in terms of
sets of LTSs that provide all of the behaviour required by the MTS, do not pro-
vide any of the behaviour proscribed by the MTS, and make arbitrary decisions
on the MTS’s unknown behaviour. Intuitively, as more information becomes
available, unknown or unclassified behaviour gets changed into either required
or proscribed behaviour. The notion of refinement between MTSs capture this
intuition formally and provides an elegant way of describing the process of be-
haviour model elaboration as one in which behaviour information is acquired
and introduced into the behaviour model incrementally, gradually refining an
MTS until it characterizes a single LTS.

The original notion of refinement was aimed at comparing MTS models with
the same alphabet and no unobservable transitions and is referred to as strong
refinement [17]. Although in [17] a notion of weak refinement that allows for
unobservable actions was defined, this notion was then extended to account
for models different alphabets [23]. More recently, an alternative, possibly more
appropriate observational refinement, based on branching equivalence [25] has
also been proposed [7].

A particularly useful notion in the context of software and requirements engi-
neering is that of merge. Merging two consistent models is a process that should
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result in a minimal common refinement of both models where consistency is de-
fined as the existence of one common refinement. Intuitively, merging builds a
model that characterises the intersection of the LTS characterised by the models
being merged. In other words, the merge characterises the LTSs that provide all
the required behaviour of the MTS being merged, and that do not provide any
of the proscribed behaviour of the MTS being merged.

MTS merging can be used as the conjunction of multiple partial operational
descriptions. The original formulation of was done by Larsen in [16] where an
incomplete merge algorithm was proposed for MTS under strong refinement,
recently we have presented a correct and complete version [8]. The problem of
merge under observational refinements is still open, a partial result can be found
in [23] where incomplete algorithm for merging models with different alphabets
under weak refinement is presented.

We have revisted the problem of behaviour model synthesis in the context of
MTS. We have provided a generic extension of synthesis approaches that start
from existential scenario-based specifications and build LTS models [22]. The
extension, produces an MTS model instead of an LTS which captures appropri-
ately the lower bound to intended system behaviour provided by such specifica-
tions. However, given that MTS are more expressive than LTS, we have explored
opportunities for the defining novel synthesis approaches that start from more
expressive scenarios notations. In particular, we have investigated triggered ex-
istential scenarios [21] which have been neglected in existing scenario description
languages as it is impossible to adequately capture their semantics using tradi-
tional behaviour models.

3 Conclusions

In this talk we discuss Modal Transition Systems [17] and some of their the-
oretical foundations and semantics. We discuss how such models can support
iterative and incremental behaviour modelling based on a notion of refinement
that prunes the space of acceptable implementations of the system-to-be and
based on model merging. We also discuss how merge and synthesis of Modal
Transition Systems can aide in the analysis and elaboration of system behaviour
from multiple, partial and heterogeneous descriptions of behaviour and demon-
strate some of these ideas using the Modal Transition System Analyser, a tool
that aims to support incremental elaboration of partial models [5] and that is
available, open source, at http://sourceforge.net/projects/mtsa/ . We fi-
nalise with a number of open problems and directions of future work.
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