
C e n t r u m  v o o r  W i s k u n d e  e n  I n f o r m a t i c a

MAS
Modelling, Analysis and Simulation

 Modelling, Analysis and Simulation

Reachability of affine systems on polytopes in the plane

L.C.G.J.M. Habets, J.H. van Schuppen

REPORT MAS-E0423 DECEMBER 2004



CWI is the National Research Institute for Mathematics and Computer Science. It is sponsored by the 
Netherlands Organization for Scientific Research (NWO).
CWI is a founding member of ERCIM, the European Research Consortium for Informatics and Mathematics.

CWI's research has a theme-oriented structure and is grouped into four clusters. Listed below are the names 
of the clusters and in parentheses their acronyms.

Probability, Networks and Algorithms (PNA)

Software Engineering (SEN)

Modelling, Analysis and Simulation (MAS)

Information Systems (INS)

Copyright © 2004, Stichting Centrum voor Wiskunde en Informatica
P.O. Box 94079, 1090 GB Amsterdam (NL)
Kruislaan 413, 1098 SJ Amsterdam (NL)
Telephone +31 20 592 9333
Telefax +31 20 592 4199

ISSN 1386-3703



Reachability of affine systems on polytopes in the
plane

ABSTRACT
In this paper a problem related to reachability analysis of piecewise-affine hybrid systems is
considered. We focus on one discrete mode of a hybrid system, and study the continuous
dynamics in this mode, described by an affine autonomous system on a polytope. As soon as
the continuous state leaves the polytope, a discrete event is triggered, transferring the hybrid
system to a different mode. This discrete event depends on the facet through which the
polytope is left. In this paper, the domains of attraction of these so-called exit facets are
determined. This result describes the interplay between the continuous and discrete dynamics
of a hybrid system, and may be useful in some approaches to reachability analysis for hybrid
systems, proposed in the literature. The method presented in this paper is restricted to affine
systems on two-dimensional polytopes. Since some results are based on argumentsfrom planar
geometry, generalization of the approach to higher dimension srequires a rather extensive and
detailed mathematical study that does not at all seem promising.

2000 Mathematics Subject Classification:  93C05, 52A10,93B03,93B05.
Keywords and Phrases: Affine system, polytope, co-reachability, exit set, domain of attraction.
Note: This work was carried out under project MAS2 - CONTROL. It was sponsored in part by the European
Commission via the project Control and Computation (IST-2001-33520).
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