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Continuous and Hybrid Systems 

There are systems that: 

 

 Admit symbolic models 

 - Autonomous Systems (no input) 

  - Timed Automata [Alur and Dill, 1992] 

  - Multirate Automata [Alur et al., 1993] 

  - Rectangular Automata [Henzinger et al., 1998]  

  - o-minimal hybrid systems [Lafferriere et al., 2000]  

  - Discrete-time linear control systems [Tabuada et al., 2006]   
 

 Can be approximated by symbolic models 

 - Incrementally stable nonlinear control systems [Pola et al., 2008] 

 - Incrementally stable switched nonlinear systems [Girard et al., 2008] 

 - Incrementally stable nonlinear control systems with disturbances 

   [Pola et al. 2008] 

 

 Do not admit symbolic models 
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Rectangular Automata 

Taken from: Agung Julius, Notes for the course on Hybrid Systems at UPENN, USA 

Rectangular hybrid automata are initialized if the following holds: 

 

After a discrete transition, if the differential equation for a variable changes, then the 

variable must be reset to a fixed interval. 
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Rectangular Automata 
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Multirate Automata 

Rectangular set 

Rectangular set 

Rectangular set 

Rectangular set 

Singleton set 

Singleton set 

Rectangular set 
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Multirate Automata 

Taken from: John Lygeros, Notes for an ENSIETA short course, February, 2004  

Singleton set 

Rectangular set 

Rectangular set 
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Multirate Automata 

Taken from: John Lygeros, Notes for an ENSIETA short course, February, 2004  
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Timed Automata 

Taken from: John Lygeros, Notes for an ENSIETA short course, February, 2004  

Singleton set 

Rectangular set 

Rectangular set 

Singleton set 

Clock f(q,x) = 1 
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Timed Automata 

Taken from: Agung Julius, Notes for the course on Hybrid Systems at UPENN, USA 
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Summarizing … 

Hybrid Systems 
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Timed Automata 

Taken from: John Lygeros, Notes for an  

ENSIETA short course, February, 2004  

                                     Region Graph 

I can partition the state space in  

 open (possibly infinite) rectangles 

 open triangles  

 open lines 

 points 

 

Timed Automata admit 

Finite Bisimulation! 
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Multirate Automata 

Inizialized Multirate Automata admit Finite Bisimulation! 
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Rectangular Automata  

Inizialized Rectangular Automata do not admit Finite Bisimulation! 
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Rectangular Automata  

Inizialized Rectangular Automata do not admit Finite Bisimulation! 

 

 

 

 

 

 

 

 

 

 

 

 

 

Taken from: Agung Julius, Notes for the course  

on Hybrid Systems at UPENN, USA 

… but 

 

 

 

… all initialized rectangular 

automata admit a finite language 

equivalence quotient which can 

be constructed effectively. 
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… bad news  

Taken from: Agung Julius, Notes for the course on Hybrid Systems at UPENN, USA 
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