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Abstract. Swarm-based systems are a class of multi-agent systems
(MAS) of particular interest because they exhibit emergent behaviour
through self-organisation. They are biology-inspired but find themselves
applicable to a wide range of domains, with some of them characterised
as mission critical. It is therefore implied that the use of a formal frame-
work and methods would facilitate modelling of a MAS in such a way
that the final product is fully tested and safety properties are verified.
One way to achieve this is by defining a new formalism to specify MAS,
something which could precisely fit the purpose but requires significant
period to formally prove the validation power of the method. The alter-
native is to use existing formal methods thus exploiting their legacy. In
this paper, we follow the latter approach. We present OPERAS, an open
framework that facilitates formal modelling of MAS through employing
existing formal methods. We describe how a particular instance of this
framework, namely OPERASXC , could integrate the most prominent
characteristics of finite state machines and biological computation sys-
tems, such as X-machines and P Systems respectively. We demonstrate
how the resulting method can be used to formally model a swarm system
and discuss the flexibility and advantages of this approach.

1 Introduction

Despite the counter arguments which justifiably raise concerns about formal
methods, there is still a strong belief by the academic community that the de-
velopment of mission critical systems demands the use of such methods for mod-
elling, verification and testing. Opposition puts forward a significant drawback;
the more complex a system is, the more difficult the modelling process turns
out to be and, in consequence, the less easy it is to ensure correctness at the
modelling and implementation level. Correctness implies that all desired safety
properties are verified at the end of the modelling phase and that an appropri-
ate testing technique is applied to prove that the implementation has been built




