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:Ontents & Goals

_ast Lecture:
Decidability of the location reachability problem:
region automaton

Zzones

This Lecture:

Educational Objectives: Capabilities for following tasks/questions.

By what are TA extended? Why is that useful?
What's an urgent/committed location? What's the difference?

What's an urgent channel?
Where has the notion of “input action” and “output action”
correspondences in the formal semantics?

Content:

Extended TA:
Data-Variables
Structuring Facilities

Restriction of Non-Determinism

The Logic of Uppaal 2/38



Extended Timed Automata
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“xample (Partly Already Seen in Uppaal Demo)

Templates: press” Extensions:
Data Variables
L / (Expressions,
Constraints, Updates)
Structuring
Urgent/Committed
/ Location,
Urgent Channel
U:
System:
4 I 4 I
x chan press
press? press! v
L J U J
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Dam-VariableS

When modelling controllers as timed automata, it is sometimes desirable
to have (local and shared) variables.
E.g. count number of open doors, or intermediate positions of gas valve.

Adding variables with finite range (possibly grouped into finite arrays) to
any finite-state automata concept is straighforward:

If we have control locations Lo = {¢1,...,4,n},
and want to model, e.g., the valve range as a variable v with D(v) = {0, .1.,2},
then just use L = Lo x D(v) as control locations, i.e. encode the current

. . . . A
value of v in the control location, and consider updates of v in the —.

; ve 17 @ Wég

Vi 0[

68 v

L is still finite, so we still have a proper TA.
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Data— Variables

When modelling controllers as timed automata, it is sometimes desirable
to have (local and shared) variables.
E.g. count number of open doors, or intermediate positions of gas valve.

Adding variables with finite range (possibly grouped into finite arrays) to
any finite-state automata concept is straighforward:

If we have control locations Lo = {¢1,...,4,n},
and want to model, e.g., the valve range as a variable v with D(v) = {0, ...,2},
then just use L = Lo x D(v) as control locations, i.e. encode the current

. . . . A
value of v in the control location, and consider updates of v in the —.

L is still finite, so we still have a proper TA.

A .
But: writing — is tedious.

So: have variables as “first class citizens” and let compilers do the work.

Interestingly, many examples in the literature live without variables: the
more abstract the model is, i.e., the fewer information it keeps track of

(e.g. in data variables), the easier the verification task.
5/38



Data Variables and Expressions G, g0, I{ ( ‘ﬁ, - ¥ ) I/
| £

Let (v,w €) V be a set of (integer) variables. / «,[6 t,= T
(YVine €) ¥(V): integer expressions over V' using func. symb. +, —, ...

(@int €) ®(V): integer (or data) constraints over V
using integer expressions, predicate symbols =, <, <,..., and
boolean logical connectives. (incl- v, 1, A, 2, &, v, )

Let (z,y €) X be a set of clocks.
(p €) (X, V): (extended) guards, defined by

© = etk | int | ©1 A\ P2

where @ € ®(X) is a simple clock constraint (as defined before)

and @i € (V) an integer (or data) constraint. . data

s
Examples: Extended guard or not extended guard? Why? (2 V;% ,|
AsC

(a)x<y/\?{>2, (b)&iy\/v>2, (c)v<1Vo>2, (d)gﬁ ®<6sz3 O

ar) cwy @) ey c¥(v) Sot)
NO
(X"‘ﬂ CO) ‘/ Nb / 338
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Modification or Reset Operation

New: a modification or reset (operation) is

T o=

: r e X,
or

V= Vint, veV, Yin € \IJ(V)
By R(X, V) we denote the set of all resets.

By 7 we denote a finite list (r1,...,7r,), n € Ny,
of reset operations r; € R(X,V);
() is the empty list.

By R(X,V)* we denote the set of all such lists of reset operations.

Examples: Modification or not? Why?
(a)z:=y, (b)xz:=v, (c)v:i=2 (d)v:=w, (e
2

AT
£X M(/O e)( wok 0 &V &Z‘P{ V) é/[/ e'f&/[// 65

Mo hO Ko / J
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tructuring Facilities

global decl.: clocks, variables, channels, constants

chan a
chan ¢ | al
5 !
|C' d?
A, chan d

broadcast chan b

Ay As
b? b?

Global declarations of of clocks, data variables, channels, and constants.
Binary and broadcast channels: chan ¢ and broadcast chan b.
Templates of timed automata.

Instantiation of templates (instances are called process).

System definition: list of processes.
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Restricting Non-determinism

Urgent locations — enforce local immediate progress.

0

Committed locations — enforce atomic immediate progress.

©

Urgent channels — enforce cooperative immediate progress.

urgent chan press;
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Jrgent Locations: Only an Abbreviation...

Replace
¢ with
urgent
© OoNz=0 61 -
é
where z is a fresh clock: M 3 03 ( Y

reset z on all in-going egdes,

nuu,éu df wau/ /OC is 20
at lbast e V-l ,aq, aul'aumvlo%

add z = 0 to invariant.

Question: How many fresh clocks do we need in the worst case for a network
of N extended timed automata?

10/3s
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“xtended Timed Automata @ il Tl — d(x)

-

Definition 4.

where L, B, X, I,¢;,; are as in Def.
variants in I are downward closed? and where

. An extended timed automaton is a structure

-’46 — (L,C,B,U,X, ValaEaein’i)

~ except that location in-

C C L: committed locations,

U C B: urgent channels,

V. a set of data variables,

ECLXDBrx®X,V)x R(X,V)* x L: aset of directed

4

edges such that .

—
- -

s P

(f,a,gp/, f’,,é’) c FE /\{chan(oz) clU = p= true)

Edges (¢, , p,7,¢") from location ¢ to ¢’ are labelled with an

N/‘701;;5[ dc

Vo K>Theo
VEY

5
(V¢€Tin o
V-t EY)

4

o

oX<3 & d<
0x>2 & wof o<

action «, a guard ¢, and a list 7 of reset operations. j

11/3s


westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift


westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift


Dperational Semantics of Networks

(" )

Definition 4.40. Let A.; = (L;,Ci, B;, Ui, X3, Vi, I, By bini i),
1 <17 < n, be extended timed automata with pairwise disjoint sets

of clocks X;.
The operational semantics of C(A¢.1,...,Acn) (closed!) is the
labelled transition system

7-6(6(“46,17 ) Ae,n))
= (Conf, Time U {7}, {5] X € Time U {7}}, Cins)

where )

X=Uim  Xiand V=U_, V; ’90)
0

Conf = {({,v) | £; € Li,v: XUV — Time, v = Al_, Ir({x)}
Cini = {<Zm'm Vini) } N Conf,

and the transition relation consists of transitions of the following

Kth ree types. j
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delpers: Extended Valuations and Timeshift

Now: v: XUV — TimeUD(V)
Canonically extends to v : W(V) — D (valuation of expression).

“=" extends canonically to expressions from ®(X, V).

Wiz v | ﬁ(‘k,, $’;)
isscme T(f): 7" —2

Tlup)=rly) e DW)

LY W)= ) ()., T )
=/

L(vew, fvn3umey] )

“I(H)( Tlyw), Tlow)) = # (06d vl
’ - 1(3,29)= 27
1338
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delpers: Extended Valuations and Timeshift

Now: v: XUV — TimeUD(V)

Canonically extends to v : W(V) — D (valuation of expression).

“=" extends canonically to expressions from ®(X, V).

Extended tlmeshlftlz/ +t, t € Time, applies to clocks only:

(v +t)(z) =v(x)+1t x € X,
(v+t)(v) =v(v),veV.

Effect of modification r € R(X,V) on v, denoted by v|r|:

0, if a =,

v(a), otherwise

vz = 0]|(a) = {

v(Yint), if a = v,
v(a), otherwise

V(U= Yintl(a) = {

We set v[(ry,...,rn)| i=v[ri] ... [ra] = ((v[r])[r2]) .- ) [l

1338
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Dperational Semantics of Networks: Internal Transitions

> - 'lumé(,

An internal transition (¢,v) — (¢, 1) occurs if there is i € {1,...,n "4
such that v Aecomaty
L fer ﬁ‘(
there is a 7-edge (fz,T 0,70 € E;, heboyly

v =, / licadio d[ He -, M’Smméh

P=0t;:=0),  odfoba & A i /0&‘7{4».
/), | 5*_35)@
(d)[if £, € C for some k € {1,...,n} then ¢; € C;. @

% % /"\'
<!'0,'4‘0 0o, 0) —9 <e°°"°o / 0>

%%(L“’o Do,b) )
<P0,Wo’0.“o>

T

Y~ 14/38


westphal
Bleistift


westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift


westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift


Dperational Semantics of Networks: Synchronisation Transitions

A synchronisation transition (¢, 1) = (¢, ') occurs if there are
i,j € {1,...,n} with ¢ # j such that

there are edges ({;, 0!, ¢;, 7, £}) € E; and (€5, 07, ¢;,75,05) € Ej,

V= i A ;. a’
- p j OV-':B>O
V= Z[Zz = Z;ng = 63], « -’b—)/:‘/ '

y : 7%
v = EM F— " seudy u,oa’aé: ae qp[,‘ccl ﬁrx‘ O-._l(: 3 >O e 44]
v L) AT(), <

() if £ € C for some k € {1,...,n} then ¢; € C; or ¥; € C}.
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Dperational Semantics of Networks: Delay Transitions

A delay transition (¢, 1) = (f,v +t) occurs if

v+t Ny Ie(fr),

(d) there are noi,j € {1,...,n} and b € U with
(fz,b',gpz,f;,fé) e E; and (gj,b?,gﬁj,f},fg) - Ej,

(&) thereisno i € {1,...,n} such that ¢; € C;.

16/3s



Restricting Non-determinism: Example

.-3 .
Va nfig GVl i ol veacille afys.
vewsTis_ <&V, VE(Rg,= yeo)’
foscindl Q & 3,
Prbperty 1 /\Eiopertx 2 Property 3

Ow=1 | vO0Q.q1 = y<0 | VOPp AQq —
(z>y = y<0))
N = PIQIR e <

N, ¢ urgent

N, q1 comm.
N, b urgent

17/38
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Restricting Non-determinism: Urgent Location

Property 1 Property 2 Property 3
Qw=1 VL Q.q1 — y <0 VD(Ppl /N\ Q.q1 —
(z>y = y<0))

N 4 X X
N, ¢ urgent v J
N, q1 comm.

N, b urgent -
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Restricting Non-determinism: Committed Location

LN R

T w =7

Property 1 Property 2 Property 3
Qw=1 VL Q.q1 — y <0 VD(Ppl /N\ Q.q1 —
(z>y = y<0))

N v X X
N, q1 urgent v v v
N, q1 comm. V4 v/

N, b urgent 10
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Restricting Non-determinism: Urgent Channel

w =7

Property 1 Property 2 Property 3
Qw=1 VL Q-Ql — y <0 VD(Ppl /N\ Q.q1 —
(z>y = y<0))

N v X X
N, q1 urgent v v v
N, q1 comm. X v v
N, b urgent Y J 200
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Extended vs. Pure Timed Automata
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Sxtended vs. Pure Timed Automata

Ae — (L7£7B7,.g7 X7X7 I7 Eafznz)
(l,a, 0,7 0") € L X By x ®(X,V) x R(X,V)" x L

VS.

.A: (L,B,X,I,E,gim;)
(0, a, 0, Y, 0'Y € ECLX By x®(X)x2% xL

A, is in fact (or specialises to) a pure timed automaton if

C =10,
U =19,
V=10,
for each 7= (ry,...,r,), every r; is of the form x := 0 with = € X.

I(¢), p € ®(X) is then a consequence of V = ().

22/38
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Dperational Semantics of Extended TA

- )
Theorem 4.41. |If A,,..., A, specialise to pure timed au-
tomata, then the operational semantics of

C(A1,..., An)
and
chanby,...,bp, e (ALl ... || An),
where {b1,...,b,} = J,_, Bi, coincide, i.e.
Te(C(Ay,..., A)) =T (chanby,....b, e (A || ... ]| An)).
U )
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Reachability Problems for Extended Timed Automata
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?ecall

Theorem 4.33. [Location Reachability] The location reachability
problem for pure timed automata is decidable.

Theorem 4.34. [Constraint Reachability] The constraint reacha-
bility problem for pure timed automata is decidable.

And what about tea “Wextended timed automata?

25/38
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