Real-Time Systems

Lecture 12: Networks of Timed Automata

2017-12-12

Dr. Bernd Westphal

Albert-Ludwigs-Universitat Freiburg, Germany



Content

-12 - 2017-12-12 - Scontent -

e Parallel Composition of TA

e handshake edges
e asynchronous edges

e Restriction / Channel Hiding

o Networks of Timed Automata

L(o closed networks

e Operational Semantics
of Networks of Timed Automata

e asemantical approach

e The Uppaal tool
e Demoll:

‘:o Model Editor
e Simulator

2/26



Parallel Composition of TA
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Parallel Composition
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f
Definition 4.12.
The parallel composition A; || A, of two timed automata

A = (Li, Bi, Xi, Ii, i Uini i), ©=1,2,

where

® I(fl,gg) = I(fl) A\ I(EQ), and

e I consists of handshake (or rendezvous) and
asynchronous communication edges.

&

with disjoint sets of clocks X; and X5 yields the timed automaton

,A = (Ll X LQ,Bl U BQ,Xl UXQ,I,E7 (Eini,lagini,Q))

(— next slide)

J

J
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Helper: Action Complementation
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e The complementation function

~: Act — Act

is defined pointwise as follows:

e al =a?
.a_:a'
®oT=T

e Note:a = aforalla € Act.
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Parallel Composition: Handshake and Asynchrony
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A1 A2 = (L1 X Lo, B1 UBo, X1 UXo, ILE, (ini1,lini2))

e Handshake Edges:
If there is « € B; U B5 such that

(5(1901,3/1,5’1) € Iy, and (§2@¢2,¥2,€’2) € ko,

TN ‘ e

—_—
~ ~—~ 7 P

and {a,a} = {a!, a7}, then = ~ = > ==

VRN ’
// \I p ( / \ |

(01, 2),(7) @1 A o2, ViUYa, (6,63) € E.
e Asynchronous Edges:
If (61, «, Qp1, Yl,gll) = E1 then for all 62 c LQ,

((61762% @, @i, Yl, (,1762>)€E
If (03, v, o, Yo, 0h) € Ey thenforall ¢/, € Ly,

((61762)7 &, ©Q2, Y2, (61,6/2))EE
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LU=
(L1 X Loy, B1UB2, X1U X2, I, E, (4ini1,%ini,2))

° 1(61,62) = I(fl) VAN 1(62),

o Ifa e B1 U By s.t. (El,oz,gpl,Yl,E'l) € k1
and (62,54, SOQ,YQ,E/Q) € E-> and {CL!,CL?} = {Oz, 5(}
then ((61762)7 T, P1 /\9027 Y1 UY27 ( /17£/2>) S

o If (61,0&,(,01,}/1,6/1) € E, thenforall 5 € Lo,
((1,€2), a, p1, Y1, (¢1,02)) € E, same for E,.

7726



-12 - 2017-12-12 - Staparcomp -

@ press! e press!
y =

LU=
(L1 X Lo, B1UB2, X1 U X9, I, E, (bini1,%ini2))

° I(ﬁl,fz) = I(€1> VAN I(fz),

o Ifae B UB;,st. (El,a,gol,Yl,E'l) € Fq
and (42, a, SOQ,YQ,EIQ) € Fyand {a!,a?} = {a, &}
then ((€1,£62), T, w1 A2, YiUYa, (41,65)) €E

o If (El,a,gol,Yl,Ell) € E, thenforall 5 € Lo,
((1,€2), a, p1, Y1, (¢1,02)) € E, same for E,.

light,¢o bright,{
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Example
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LU=
(L1 X Lo, B1UB2, X1 U X9, I, E, (bini1,%ini2))
° [(51,62) = I(fl) VAN 1(62),
e Ifa e By U B st. (él,a,gpl,Yl,ﬁ'l) € k1
and (02, @, p2, Y2, 45) € Es and {a!,a?} = {a, a}
then ((61762)7 T, v1 A2, Y1 UYs, ( /176/2)) S

o If (fl,oz,gol,Yl,E’l) € E, thenforall 5 € Lo,
((01,02), o, @1, Y1, (£1,02)) € E, same for E.
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Example
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LU=
(L1 X Lo, B1UB2, X1 U X9, I, E, (bini1,%ini2))

° [(61,62) = I(fl) VAN 1(62),

o Ifae B UB;,st. (El,a,gol,Yl,Ell) € Fq
and (fz,@,QOQ,YQ,f’Q) € Fyand {a!,a?} = {a, &}
then ((£17£2)7 T, Y1\ P2, Yi UY27 ( ,176/2)) S

o If (El,oz,gol,Yl,E’l) € E1 then forall£2 € LQ,
((€1,€2), a, 1, Y1, (¢1,02)) € E, same for E.

press’

,
L (light e

y
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LU=
(L1 X Lo, B1UB2, X1 U X9, I, E, (bini1,%ini2))

° 1(61,62) = I(fl) VAN 1(62),

o Ifa e B1 U By s.t. (El,oz,gpl,Yl,E'l) € k1
and (62,54, SOQ,YQ,E/Q) € E-> and {CL!,CL?} = {Oz, 5(}
then ((61762)7 T, P1 /\9027 Y1 UY27 ( /17£/2>) S

o If (61,0&,(,01,}/1,6/1) € E, thenforall 5 € Lo,
((41,42), o, 1, Y1, (£1,£2)) € E, same for Es.
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LU=
(Ll X LQ, B]_ U BQ,XI U X2717 E7 (gin’i717£i7Li,2))

o [(£1,02) :=1(61) N I(L2),

o Ifa e B1 U By s.t. (él,a,gpl,Yl,E'l) € k1
and (62,0_4, SOQ,YQ,E/Q) € E-> and {CL!,CL?} = {Oz, 54}
then ((¢1,€2), 7, p1 A, Y1UYa, (61,45)) €E

o If (51, a,<p1,Y1,£’1) € E, thenforall 5 € Lo,
((1,€2), a, p1, Y1, (¢1,02)) € E, same for E,.
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LU=
(L1 X Lo, B1UB2, X1 U X9, I, E, (bini1,%ini2))

° 1(61,62) = I(fl) VAN I(ﬁz),

o Ifa e B1 U By s.t. (61,04,@1,Y1,f’1) € k1
and (62,0_4, QOQ,YQ,E/Q) € E-> and {CL!,CL?} = {Oz, 54}
then ((61762)7 T, P1 /\9027 Y1 UY27 ( /176/2)) S

o If (51, a,<p1,Y1,£’1) € E, thenforall 5 € Lo,
((1,€2), a, p1, Y1, (¢1,02)) € E, same for E,.
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Restriction / Channel Hiding
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Restriction
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f

Definition 4.13.
A local channel b is introduced by the restriction operator which, for a
timed automaton A = (L, B, X, I, E, {;,;) yields

/Chanb. AJ:: (LﬂB \ {b}7X7 Ia Ela£ini>

where

o (l,a,p, Y, 0) e F
ifandonlyif (/,a, ¢, Y, ¢') € Eand a ¢ {b!,b7}.

N

e Abbreviation:

chanb;...b,, ® A:=chanb; e ...chanb,, e A
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Example
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|

x> 3

chan press o L || U
(L, a,p, Y, 0') € E'ifandonlyif (¢, ,p, Y, V') € Eand a ¢ {press!, press?}.

/26



Example
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chan press e L || U

(L, a,p, Y, 0') e E'ifandonlyif (¢, a,p, Y, V') € Eand a ¢ {press!, press?}.

/26
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Network of TA
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Networks of Timed Automata
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o A timed automaton N is called network of timed automata if and only if it is

obtained as
chanb;...b,, e (AL ... [ An)
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Closed Networks
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e A network
N =chanb;...b, e (A1 ... | A)
is called closed if and only if
{br,...,bm} = | Bi
i=1

where B; is the alphabet of A,;.

e Then, by Lemma 4.16 (later), local transitions don't occur (since B = ().

Transitions are thus either internal actions 7 or delay transitions.

Example:
press?
chan press o pres? (light) e
is closed. v
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Operational Semantics of Networks of TA: The Plan

N
chanby,... b, e A; || Az

Def. 4.12 + 4.13

A
é Def. 4.4
T(A)

(Gof ), T80T} 35 Ael3C)
I8 Ton .

Lemma 4.16
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Operational Semantics of Networks
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Lemma 4.16. Let A; = (L;, Bi, Xi, I, Ei, bini i)

Then W of the network
Ly
DQY[ L_han bi...bm @ (./41 ” ” An )

he labelled transﬂW

with
o X = U:L:1 Xir
) B:U:”L:le\{bl,,bm}v

Conf(N) = {(£,v)

» and three types of transition relations (— next slides).

withi = 1,...,n be a set of timed automata with disjoint clocks.

T(A )

(Conf(N), TimeU Bqy, {—)\)\ETlmeUBm} Cini)

|
E_’GLl><---><Ln/\1/:X—>Time/\V):/\Z’:1

I.(4x)},
Cam = {((&'m’,l, 0 00 ,fim,n), Vzm>} M Conf(N) where Vm,(a:) = Oforallx € X,

)

\
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Op. Semantics of Networks: Local Transitions
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For each \ € Time U By, the transition relation 2 C Conf(N) x Conf(N)
has one of the following three types:

(i) Local transition:

vy = V)
if thereisi € {1,...,n} such that

o (bij,a, 0, Y, 0)) € Ej, o € By, (-th automaton has corresp. edge)
o v E o, (guard is satisfied)
o 0 =10l0; =1, (only i-th location changes)
o V' =v[Y :=0],and (A;’s clocks are reset)

o vV = L;(1). (destination invariant holds)
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Op. Semantics of Networks: Synchronisation
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(i) Synchronisation transition:
(Gv)y 5 (0,0
if therearei,j € {1,...,n},7 # j,and b € B; N By, such that

° (Ei,/\lz!’, goi,Yi,fD € F; and (@&Z,g@,%,%) € Ly,
° Vi Npj,

o 0 =(t; = L][t; = 1],

o vV =v[Y;UY; :=0],and

o V= Li(6) NI (L),
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Op. Semantics of Networks: Delay
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(iii) Delay transition:

—

(V) 5 (v +t)
if for all ¢/ < [0, 1),
o v+t = Npoy Te(ly).
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Uppaal Larsen et al. (1997); Behrmann et al. (2004)
Demo, Vol. 1
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Uppaal Architecture

St?lx(l%

Javen [ALT wof dlocle |
T
oLl
| L]
-+
(Lot
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Tell Them What You’ve Told Them. . .
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e The parallel composition

e of two timed automata

e is again a timed automaton.

IOW: the set of timed automata
is closed under parallel composition.

e Channel restriction introduces local channels.

e Hiding all channels yields a closed network.
e Uppaal always interprets a network as closed.

o Behaviour of a network can alternatively

be characterised semantically.

e The Uppaal tool is one way to
model and simulate (networks of) timed automata.

(And to verify — next lecture(s).)
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