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INTRODUCTION based on S-functions (The MathWorks, Inc, 2605
Both simulators are defined in terms of a so-called

The hybridy (Chi) formalism (van Beekt al., 2006; stepper, which computes the set of possible transitions
Man and Schiffelers, 2006) integrates concepts fromfor given ay process. The stepper consists of three
dynamics and control theory with concepts from com- main functions: a functios, which returns the set of
puter science. It integrates ease of modeling with action steps for given @ process, a functiofy which
a straightforward, structured operational semantics.returns the set of time steps for givenyaprocess,
Ease of modeling is ensured by means of, amongand a function Tr which returns the reduced set of
others, the following concepts: 1) different classes transitions. Action steps and time steps can be seen as
of variables: discrete, continuous and algebraic; 2) symbolic transitions. They contain all information that
strong time determinism of alternative composition in js needed to determine the transitions that the process
combination with delayable guards; 3) integration of from which they are derived can perform without
urgent and non-urgent actions; 4) differential algebraic solving predicates. An action step represents zero or

equations as in mathematics; 5) concepts for complexmore action transitions and a time step represents zero
system specification: 5a) process terms for scopingor more time transitions.

that integrate abstraction, local variables, local chan- . e
nels and local recursion definitions; 5b) process def- !n g(_aneral, the.set of transitions OVaSPeC'f'C""“O'_"_'S
inition and instantiation that enable process re—use,'nf'n'te' In F’a”'C‘,J'ar- the ngm.b(_er OT time transitions
encapsulation, hierarchical and/or modular composi-f}l’f Ia Xf process |s.usuatlly |r;f|n|te. It a pr/ocess. can
tion of processes; and 5c) different interaction mech- %€ ayl ortdt|r1e ;Jm/ts,_ then, for flz_very g_(tj Sf th it
anisms: handshake synchronization and synchronouéz"m_‘"_’tso clay ot “_”?e um_ts. 0 getrid o t ese
communication that allow interaction between pro- additional time transitions, instead of returning all
cesses without sharing variables, and shared variabledMe fransitions of a time step, for each trajectory only

that enable modular composition of continuous-time 'tafjlehtlmehtrﬁnsnl%n W'Ejh Iong?st durgtlon 1S retur.net?.
or hybrid processes. though this reduced set of transitions can still be

infinite, in practice, this is rarely the case.
The formal semantics of allows the definition of i ) i
provably correct implementations for simulation and Note .that an |mplle.mentat|on. OT the stepper functions
verification. Copyright © 2006 IFAC may impose addltlorjal restncnons on tbtesyntax.
For instance, for an implementation of function Tr, a

(symbolic) solver is needed to compute the solutions

SIMULATION OF x MODELS of action predicates, the solution of delay predicates

(differential algebraic equations), and the maximum

For simulation of hybridy models, two simulators duration of a time transition. Depending on the solver
are available: a symbolic simulator and a simulator that is used, additional restrictions may be required.

The stepper functions are defined in such a way that

1 Work partially done in the framework of the HYCON Network it IS easy to define different implementations. In case
of Excellence, contract number FP6-1ST-511368

265


FRANCO
Text Box
Copyright © 2006 IFAC



of the symbolic simulator, the symbolic solving capa- implementations have to deal with all possible combi-
bilities of Maple (MapleSoft, n.d.) are used for imple- nations of they atomic statements and the operators
menting the Tr function. The simulator based on S- that are defined on them. This is where the process al-
functions interacts with Matlab Simulink (The Math- gebraic approach of equational reasoning, that allows
Works, Inc, 2008) via a so-called DE simulator. rewriting models to a simpler form, is essential.

The DE' simulator performs action transitions until
the stepper returns a time step. This time step is then
executed by Simulink by solving the delay predicates
(ODEs) and monitoring the root functions (possibly
resulting in state-events) that are specified in the time
step. At the end of the time transition, the DEimu-
lator is called again.

Instead of defining simulation and verification imple-
mentations on the fully language, the process al-
gebraic approach of equational reasoning makes it
possible to transformy models in a series of steps
to a (much simpler) normal form (process algebraic
linearization), and to define the implementations on
the normal form. The origingt model and its normal
form are bisimilar, which ensures that relevant model
properties are preserved. The normal form has strong
syntactical restrictions, no parallel composition oper-

o fth ‘ ful i for hvbrid ator, and is quite similar to a hybrid automaton. Partial
ne ofthe most successiul formalisms for hybrid Sys- normalization, keeping the top level parallelism intact,

tem verification is the theory of hybrid automata. In is also possible. Currently, generation of the normal

(Man and Schlf'fe_zlers, 2006), _formal tr_ansl_atlons be- form is automated, and correctness of the transforma-
tweeny and hybrid automata (in both directions) have tion to the normal form is proved

been defined. The translation from hybrid automata
to x aims to show that the formalism is at least
as expressive as the theory of hybrid automata. The REFERENCES
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