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Signal-Event (Timed) Automata

Asarin - Caspi - Maler 2002

g2, alarm
1.5

Signal-event word : ok®? p fault® alarm®® r...

» States emit (possibly hidden) signals
» Transitions emit (instantaneous, possibly silent) events

» Clocks are used for time constraints




Signal-Event (Timed) Automata
Alur - Dill 1990

x: clock

time-event automata and time-event words:
8.2 p 4.5 r ... or equivalently (p,8.3)(r,12.7)...

» Transitions emit (instantaneous, possibly silent) events

» Clocks are used for time constraints
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(O
» 3. finite set of (instantaneous) events

» Y finite set of signals

» T time domain, T = T U {co}

» X =% U (X xT)

Notation: a? for (a,d) € ¥y x T

» >°° : set of finite and infinite words over X

Signal stuttering

1
aias ..., a>® = a?a?a?. ..

v

1
2

el

a“a® ~ a°, al ~a

e Observation of signal a is not interrupted
by an internal (instantaneous) action &
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Unobservable signal 7

» Useful to hide signals:
hiding signals
niding signals

Signal-event word time-event word

a’fblgfa®f s frigfr*f = (f,3)(9,4)(f,4)(f,6)
» 79 = ¢ : a hidden signal with zero duration is not observable.
a® 3% € : a signal, even of zero duration, is observable.

72 5% ¢ : we still observe a time delay but the actual signal has been hidden.
Example : a?7%! fr0g7! fb?0%b% - - - ~ a3 fgr! fD>®

» SE(X) =X/ ~ : signal-event words
» SEL. : languages accepted by SE-automata

» SEL : languages accepted by SE-automata without e-transitions
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Closure under intersection

Classes SEL and SEL, are closed under intersection

» Easy for the class SEL or for time-event languages.

» More difficult with signals and e-transitions due to stuttering and
unobservability of 79.

» Asarin, Caspi and Maler 97 does not handle signal stuttering and considers
finite runs only.
Asarin, Caspi and Maler 02 deals with the intersection of time-event automata
only.

» Dima 00 gives a construction to remove stuttering for automata with a single
clock.

» Durand-Lose 04 gives a construction for intersection taking stuttering into
account but restricted to finite runs and without zero-duration signals.
His approach does not extend to infinite runs since it would introduce Zeno
runs leading to transfinite problems.
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Classes SEL and SEL. are closed under intersection

Basic technique for SEL or time-event words

P1, P2 gAh, f,aUB (" qq,q2
a, Il/\I2 g b,Jl/\J2
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Closure under intersection

SEL. is closed under intersection

Problem 1 : stuttering with unobservability of 7°
&)
. € "- € .
(>
. g . .
G

Problem 2 : finite and infinite runs

r>1, ¢ a
(DD )

L(A;) N L(A2) = {a'} a' ~ azaias ..




Stuttering with unobservability of 7°

Connecting modules for a-blocks with synchronous transitions

All transitions reset a new clock z




Stuttering with unobservability of 7°

Building maximal a-blocks

States : (a,p, q,1), where i is the synchronization mode.

with a # 7 and asynchronous e-transitions that reset clock z.
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Example
The a-block for B; and By
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A 4 Y
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a a

A A
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To be completed with a 7-block and a b-block.




Example (cont.)

Connecting the blocks

<
<

|
|
|
|
a,p2,q2, 1 Iy, T,P3,q1, 1
|
|
|
|

Y

a7p27q1a2 CL,p3,Q1,2
7, 2<0 T, 2<0

aap3aq272
7, 2<0

Y

b p37‘135 b p4aQ37 b p4aqla b7p37q150
7, 2 <0 7, 2<0 7, 2<0
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replacing for instance an infinite e-loop producing az, a%, a5 ... by a finite
run producing a'.

» Easy if Zeno runs or e-transitions are forbidden.

» The result is interesting in itself to obtain a more realistic implementation of
an arbitrary SE-automaton.
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‘ gO7f7a0 e g,&, & .




Example

Simulating the loop

e L
y <3
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Conclusion

» Extending classical results to SE-automata is not always easy due to
e-transitions, signal stuttering, unobservability of 70, Zeno runs, ...

» We have proved closure under intersection for the general case of languages
accepted by SE-automata.

» Signal-event words are natural objects for studying refinements and
abstractions, see next talk.
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