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Abstract
We discuss the challenges of building a simulation framework for hybrid systems, in particular the wellknown Zeno effect and correct composition of models idealised by abstracting irrelevant behavioural details
(e.g. the bounce dynamics of a bouncing ball or the process of fuse melting in an electrical circuit). We
argue that the cornerstone of addressing these challenges is the definition of a semantic framework with an
appropriate underlying model of time.
Using two simple examples, we illustrate the properties of such a model and explain why existing models
are not sufficient. Finally, we propose a new Zeno-free semantic model that allows mixing discrete and
continuous behaviour in a rigorous way and provides for the compositional behavioural abstraction.

Figure 1: Semantics of a differential equation.
Although it is based on non-standard analysis, we explain how our semantic model can be used to
develop hybrid system simulators.
Keywords: Hybrid Modeling Languages; Non-Standard Analysis; Models of Signals; Behavioral Abstraction; Operational Semantics

References
[1] Albert Benveniste, Timothy Bourke, Benoit Caillaud, and Marc Pouzet. Non-standard semantics of
hybrid systems modelers. Journal of Computer and System Sciences, 78:877–910, May 2012. doi:
10.1016/j.jcss.2011.08.009.
[2] Simon Bliudze and Daniel Krob. Modelling of complex systems: Systems as dataflow machines. Fundamenta Informaticae, 91:1–24, 2009. doi: 10.3233/FI-2009-0001.
[3] Heinrich Rust. Operational Semantics for Timed Systems: A Non-standard Approach to Uniform Modeling of Timed and Hybrid Systems, volume 3456 of Lecture Notes in Computer Science. Springer,
2005. ISBN 3-540-25576-1. doi: 10.1007/978-3-540-32008-1.
[4] Bernard P. Zeigler and Jong Sik Lee. Theory of quantized systems: formal basis for DEVS/HLA
distributed simulation environment. In SPIE Proceedings, volume 3369, pages 49–58, 1998.

