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The dynamical system approach characterizes a system by its state and models its evolution by a transition function (or a relation). This approach is widely used in system's simulation and there exists several formalisms used to describe a dynamical system: ordinary differential equations, partial differential equations, iterated equations (finite set of coupled difference equations), cellular automata, etc., following the discrete or continuous nature of the time, the space and the value used in the modelling.

However, some dynamical systems exhibit a dynamical structure, that is, the structure of the state cannot be fixed a priori and changes in the course of the time and/or the evolution function is also susceptible to evolve, cf. [Gia03]. We call such systems dynamical systems with a dynamical structure or (DS)2 in short. Examples of such systems include the modeling of elastic and soft bodies, dynamical networks (like the Internet, mobile network, etc.) and numerous biological systems, especially in morphogenesis [GGMP02].
(DS)2 cause specific and hard problems for their simulation. For example the transition function cannot be defined globally and once and for all: the dynamics of the whole system must be specified as several local competing transformations occurring in an organized set of simpler entities (the elements of the system). Locality means that the system can be decomposed into parts, either statically or dynamically [GMCS05], these parts being small with respect to the whole, and such that computation proceeds by evolution of these parts.

In this presentation, we introduce the notion of (DS)2 and one approach for their simulation based on the specification of local evolution rules specifying the system's element interactions. This framework, based on elementary notions borrowed from algebraic topology [GS08], encompasses previous well known formalisms like Lindenmayer systems (used in the modelling of plant growth) or cellular automata. The rule application strategy can be used to achieve synchronous, asynchronous or stochastic evolutions.

The corresponding tool, instantiated in a domain specific programming language
 (DSL) called MGS, has been successfully used in various applications. We will present here two examples: the simulation of the growth of the meristem of Arabidopsis at a cellular level [dRBCL+06] and an example of synthetic multicellular bacteria designed for the iGEM competition in synthetic biology [IGE07].
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