Hybrid Automata in Twin Activate

Hybrid systems define a very wide class of dynamical systems that involve the interaction of heterogeneous data
types and dynamics especially the interaction of continuous-time dynamics described by differential equations,
with discrete dynamics described by a finite state under automata or other models of computation. Examples
include mechanical systems with collisions, circuits with ideal diodes and switches, chemical processes con-
trolled by valves or pumps, and most importantly, embedded computation systems where digital devices inter-
act with an analog environment.

Early works on formal models for hybrid systems includes phase transition systems and hybrid automata. A
hybrid automaton is a state machine augmented with differential equations. It is a standard model for describing
a hybrid system. Hybrid automata come in several forms: The Alur-Henzinger hybrid automaton is a popular
model that was developed primarily for algorithmic analysis of hybrid systems model checking [1, 2, 3]. In this
document we will explain the way Twin Activate environment can be used to model and simulate hybrid sys-
tems, and in particular, hybrid automata.

Hybrid automata have been introduced by Xavier Nicollin et al. in [5] and an analysis of linear hybrid automata
are givenin [2, 4]. They modeled a hybrid system as a finite automaton that is expanded with a set of real valued
variables. These variables can be tested and modified at transitions. At an automaton mode the value of varia-
bles change continuously with time according to evolution laws which are associated with the mode. The tran-
sition relations are specified by guarded commands; the activities by differential equations; and the invariants
by logical formulas. We now present the relevant definition of a hybrid automaton from Henzinger’s theory [4]
that will be used in the construction of our formal semantics for Twin Activate automaton block.

H is a tuple which is defined as:

H = (VE, X EInvariant,Initial Jump), where
¢ Vis the set of control modes {v4,...,vu} where M is the number of control modes;

e FEisthe set of control switches which identify the source mode and a destination mode during a transition.
e Xis a set of real-valued variables {xy,..,Xx} where N is the dimension of H. X is first time derivative of X;

e Fis a predicate over {X,X. } assigned to each control mode; Invariant defines the admissible range for

{X,X. }in each mode;

e [nitial defines initial values of {X,X' } in each mode.

e Jump is an edge labeling function which assigns a predicate over {X,X. } to each edge.

As an example consider the model of the bouncing ball

o= v
vo= —g

The model of this bouncing ball has been implemented in Twin Activate looks as follows
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The output of the block JumpStateSpace is a vector of size two consisting of [x,v]t. Whenever the condition
(x < 0) is satisfied, an event is generated by the Zero-crossing (+ to - ) block. This event makes the Jump block
do a reinitialization, i. e., v:= —=0.9v and x := x. The Clock block generates periodic events (activation signals) to
activate the Scope block which displays x and v.

This hybrid system can also be modeled as an automaton with a single control mode. The graphical representa-
tion of this automaton is depicted in
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There are two variables x and v whose initial values are given at t = 0. There are also two event sources; a zero-
crossing event and a periodic time event. Only the zero-crossing event causes discontinuity in variables.

Although it is often possible to model hybrid automata with generic Twin Activate blocks, it is not an easy and
efficient way to develop a hybrid automaton especially when the number of control modes is high. In a hybrid
automaton composed of several control modes, at any time instant, only one mode or subsystem is active and
the others should stay inactive. In Twin Activate, even though it is possible to generate an activation signal to
activate conditionally a subsystem via If-Then-Else blocks, the variables are still present in the state vector of
the model and reduce the performance of the numerical solver. Another difficulty is in detecting the jumps; in
each control mode of the hybrid automaton, zero-crossing functions should be evaluated for monitoring the
jump conditions. If we develop a hybrid automaton with several subsystems activated by If-Then-Else blocks,
all zero-crossing functions are active and it will be difficult to distinguish the zero-crossing functions that have
to be monitored. Using switches and selector blocks, to activate or deactivate the zero-crossings, increases the
model size and reduces the simulation speed.

Twin Activate is a hybrid system simulator which means that Twin Activate can simulate mixed continuous-time
and discrete-time subsystems. Developing hybrid automata containing large number of modes and continuous-



time states [using generic Twin Activate blocks] is a cumbersome, timeconsuming, and difficult task. The Au-
tomaton block provides a modular way to model a general hybrid automaton in Twin Activate. This block pro-
vides an interface to model and encode the graphical representation of an automaton to be used by the simu-
lator and consequently by the numerical solver in a completely transparent way.
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