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Contents & Goals

Last Lecture:

e Timed automata syntax

e TA operational semantics

This Lecture:
¢ Educational Objectives: Capabilities for following tasks/questions.

e what's the (syntactical) parallel composition of TA?

e Content:
e parallel composition of TA

e Uppaal demo
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Recall: Plan
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Pure TA syntax

e channels, actions

e (simple) clock constraints
o Def. TA

Pure TA operational semantics
e clock valuation, time shift, modification

e operational semantics

e discussion

Transition sequence, computation path, run

Network of TA

e parallel composition (syntactical)

e restriction

e network of TA semantics

Uppaal Demo

Region abstraction; zones

Extended TA; Logic of Uppaal

Network of TA
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Recall: Pure Timed Automaton

Example
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Recall: Light Controller and User
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Parallel Composition
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/
Definition 4.12.

The parallel composition A; || A2 of two timed automata
Ay = (g 1B 2% Mo 18 sl B = 9
with disjoint sets of clocks X; and X yields the timed automaton
A= (L1 X Ly, By U By, X1 U X3, I, E, (lini1,¥ini2))

where
o I(y,0) :=1(£1) NI(¥2), and

e FE consists of handshake and asynchronous communication.
(— next slide)
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Helper: Action Complementation
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e The complementation function
T Act — Act

is defined pointwise as

o al =a?
e a?=al
o T=T

e Note: & = «a for all @ € Act.



Parallel Composition: Handshake and Asynchrony
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A1 || A2 = (L1 X L2, By U By, X1 U Xo, I, E, (£ini 1, ini,2)) With

e Handshake:
If there is a € By U By such that

(b1,0,01,Y1.0)) € Eq, and (o, @, @2, Ya, l5) € En,

and {a!,a?} ={a,a}, then

(41, 62), 7,01 A 2, Y1 U Yo, (£4,05)) € E.

e Asynchrony:

If (41,0, ¢1,Y1,0)) € Ey then for all £y € Lo,

((£17£2)a a, P, YI’ (€i7€2)) ek

If (l2, v, 2, Ya,lh) € E then for all 41 € Ly,

Example
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LU = (L1 XLy, B1UBs, X1UX5, I, E, (Uini1: bini,2))

o Ifa € By UBs s.t. (fl,a,gol,Yl,Z’l) € kB
and (la, @&, p2,Ys,05) € Es and {al,a?} = {a,d}'
then ((617Z2)7T7 P1 A @27YI U }/27 (ZII’ZIZ)) €E

o If ([1,0&,(,01,1/1,[,1) € E then for all 45 € Lo, '
((01,62), a0, 1, Y1, (¢4,42)) € E, and conversely
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Example
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L||U = (L1 X Ly, ByUBy, X1UX5, I, E, (Uin; 1, ini2))

o Ifa € By UBs s.t. (61,&,%1,“,[’1) (SO

| and (o, 02, Y2, &) € By and {al,a?} = {a,a} | |
S| then ((€1,62), 7,01 A2, Y1 UYa, (0}, 6)) € E
g o If (El,a, <,01,Y1,f’1) € Fj then for all {5 € Lo,
‘E ((£1,£2), 0, p1,Y1, (¢,¢2)) € E, and conversely '
Restriction
7
Definition 4.13.
A local channel b is introduced by the restriction operator which,
for a timed automaton A = (L, B, X, I, E, {;y;) yields
chanbe A:= (L,B\ {b}, X, I, E' l;n;)
where
o (lya, 0, Y W) € E
if and only if (¢,c,,Y,¢') € E and « ¢ {b!,b7}.
L
= o Abbreviation:
5 chanb;...b,, ® A:=chanbje...chanb,, e A
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Example
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L||U = (L1 X Ly, ByUBy, X1UX5, I, E, (Uin; 1, ini2))

o Ifac B U By s.t. (Zl,a,gol,Yl,Z’l) SN
and (b3, G, 02, Y2, 64) € By and {a!, a?} = {a,a} | |
then ((817£2)7T7 Y1 A @2,Y'1 U }/27 (le’élz)) ekl

o If ([1,0&,4,01,Y1,f’1) € F then for all {5 € Lo, '
((£1,£2), 0, p1,Y1, (¢,¢2)) € E, and conversely
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Networks of Timed Automata
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e A timed automaton N is called network of timed automata if and only if

it is obtained as
chanby ... by, @ (A1 ... | An)
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Closed Networks

e A network

N =chanby...by, e (A ] ... ] An)

is called closed if and only if

{bl,...,bm}:UBi.

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:

chan presse '\e

is closed.
13/20
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Operational Semantics of Networks
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Lemma 4.16. Let Al = (L“ Bi,Xi,Ii,Ei,Zim,i)
with ¢ = 1,...,n be a set of timed automata with disjoint clocks.
Then the operational semantics of the network

chanbl...bmo(Al |||| .An)

yields the labelled transition system
(Conf(N), Time U By, {25| A € Time U B}, Cini)

with
X = U?:l Xi,
B=U.,Bi\{b1,...,bm},
Conf(N) = {(L,v) |
lelyx - xLyAv:X = TimeAvE= Ar_; Te(l)},

Gy = Wiy - - o o Los o) Py (0 Gl (4Y)
where v, (z) = 0 for all z € X,

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

L g

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

(i) Local transition:

(v & (2,0

if there is i € {1,...,n} such that

o (bi,a,0,Y,l)) € E;, a € By, (i-th automaton has corresp. edge)
o vEp, (guard is satisfied)
o U =1l; = 2], (only i-th location changes)
o V' =v[Y :=0], and (A;'s clocks are reset)
o V= I(1). (destination invariant holds)

Jo
V‘\ﬁﬁcm‘ﬁ\
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Op. Semantics of Networks: Synchronisation

(i) Synchronisation transition:

(Cov) T (2,0)

if there are 4,5 € {1,...,n}, i # j, and b € B; N Bj, such that

(4i, ), i, Y3, £7) € By and (45,07, 05, Y5, 0%) € Ej,
vIEpi A,

o O =10t; = ][5 = 01],

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

v = L) N (8.
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Op. Semantics of Networks: Delay

(iii) Delay transition:

(L) = (L +1)
if for all ' € [0,¢],
o v+t N T,
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Uppaal [Larsen et al., 1997, Behrmann et al., 2004]
Demo, Vol. 1

Uppaal Architecture
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3 A
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