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Contents & Goals

Last Lecture:
 Extended Timed Automata

Real-Time w\mﬁm«.ﬂm This Lectur:

« Educational Objectives: Capabilities for following tasks/questions.
© What's a TBA and what's the difference to (extended) TA?
» What's undecidable for timed (Biichi) automata?
* What's the idea of the proof?

Ledure 15: The Universality Problem for TBA

« Content:
20130626 « Uppaal Query Language
« Timed Biichi Automata and timed regular languages [Alur and
« The Universality Problem is undecidable for TBA [Alur and Dill, 1994]
= Why this is unfortunate.
+ Timed regular languages are not everything.

Dr. Bernd Westphal
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The Uppad Fragment of Timed Computation TreeLogic Configuations at Time ¢

2
D 30 30 B 3.0 1o
Consider N = C(Ay, ..., A,) over data variables V. * Recall: computation uéﬁi& mnN\n vn\:. Q?:&Nﬁ
« basic formula: &= Ty, o)y to 25 (B, )ty 22 (T, va) oty 25 .
atom == A;.l | ¢ which is infinite or maximally finite.

where £ € L; is a location and ¢ a constraint over X; and V.
. . . « Given ¢ and ¢ € Time, we use £(t) to denote the set
configuration formulae:

term := atom | ~term | termy A terms {{Gv) [3ieNg:ti <t <tipi Al=LAv=vi+t—t}
of configurations at time .

existential path formulae: (“exists , “exists globally")

© Why s it a set?

e-formula = 3¢ term | 30 term
» Can it be empty?

« universal path formulae:  (“always finally”, “always globally”, “leads to”) $0)=1 w3}
a-formula ::= Y term | VOl term | term; — termy 3 E0)= <, uroat
EQ0) ={<@w . <Guf

formulae:

F = e-formula | a-formula

, 1994]
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The Logic of Uppad

Sdisfaction o Uppad-Logic by Configuations

« We define a satisfaction relation
(lo.vo) to = F
between time stamped configurations
on, Vo), to

of a network C(Ay,..., Ay,) and formulae F' of the Uppaal logic.
o It is defined inductively as follows:  i-lL locahinn s N
o (lo, vo),to = Aul iff 4,
o (lo,vo),to iff P
o (Bo, o). to |= ~term it <8upto [ Ao
o (o vo)uto = termy A terms iff LB d Ay w72




Saisfaction o Uppad-Logic by Configuations

Exists finally: \u\|\/

o (B, v}, to |= 30 term iff Tpath € of A" starting in (7o, o). fo

,(\\& € Time, ({,v) € Conf :

to <A (L w) € () A (L v), t = term

Example: 30 ¢

Sdisfaction o Uppad-Logic by Configurations

L+ A (Jomy > AFdem,)

Leads to:
o (B, 1), to = termy —> termy iff ¥ path & of A starting in ({y, vg), to
_&mn vt € Time, (7,v) € Conf :
f cass) to S EA (L) €&(1)
A vt termy
implies (0, ), t = VO termy
Example: o — ¢ (fo. o) to
P12
% \\.Sx\.ﬁ.
A1
$1, P2
AL Qa2
@2
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Saisfaction of Uppad-Logic by Configurations
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ot Winasoy guah sy
Exists globally: \’/ «\ o Clteents g )
tafting in

o (ly, vo), to = W0 term iff 3path & of A s (Zo, vo), to

N VteTime(l,v) € Conf:

to <tA(Lv) €€(t) = (L)t term

Example: 30¢ Gt
0,0} to

Satisfaction o Uppad-Logic by Networks

« We write

N [ e-formula
if and only if
for some (o, vo) € Cinis (€0, 0), 0 = e-formula, (1)
and
N = a-formula
if and only if
for all (7o, vo) € i, o, o}, 0 |- a-formua, @

where C',; are the initial configurations of 7.(A).

If Cini = 0, (1) is a contradiction and (2) is a tautology.
o If Cipi # 0, then

N = F if and only if (Zn, vini), 0 = F.
11lja

Saisfaction o Uppad-Logic by Configuations

« Always finally: VP

\ \w:s..i,

o (o, vo), to |= VO term iff (Co, v0), to W I ~term
« Always globally:

o (fo,v0)s to T\<D/§s iff (0o, o), to b= 30 —term

.<1.r. Vier”
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Example \:t e bae 4 \gﬂ\g

... vs. Timed Automata

A

press?

4 (i) acept

New: Given a tihed word

does A accept it?
£ = (off,0),0 2 (off, 1), 1 New: acceptance criteriol

press?

227, ight,0),1 2 (light,3),4

press?

2 bright, 3),4 < ..

& is a computation path and run of A.

12/

M?&.xm (a,1),(b,2), (a,3), (b,4), (a,5), (b,6),...,

visiting accepting state infinitely often.
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Timed Biichi Automata
e
DL [Alur andDill, 1994
>3
2, e — o7
Upev/
o« N 30 Lbright? Ammnﬂw
o N30 Lbright? X (s et be & U1 Jofon Jift) ass S poky
N EIOLom VK ;M%.\\Ws
o N Vo Liightt X (becaux &Y 4 :
Lo N VO bright — 2> 3 X (cun have Yotk sd x3] .
© O N Lobight— Lo ™
i 12/m ¥ 13/a1
Timed Languags Example: Timed Langua@
Timed word over alphabet 3 a pair (7, 7) where
© 0 =01,00,... is an infinite word over ¥, and
on. A time sequence 7 = 71,7,... is an infinite sequence of © 7 is a time sequence (strictly (!) monotonic, non-Zeno).
time values 7; € Ry, satisfying the following constraints: @ old ke sgkn baops’
(i) Monotonicity: b ocoud be oo flaks bt/
7 increases strictly monotonically, i.e. 7; < i+ forall i > 1. Lo = {((ab)*,7) | 3i ¥Vj > i (ro < 7aj_1 +2)}
(ii) Progress: For every t € Ry, there is some i > 1 such that 7; > £. N ! ’
bt M hp
Strmp e,
et of infinite upvds ow X “0 Faly o He'a by
Definition. A timed word/Gver an alphabet > is a par (0,7) where A/n /r ab abuwabab a b
o 0=01,00,-- €X¥ isani word over %, and WO BT G Gyl GG
« 7 is a time sequence. — —
a Talytl
; ; fe pecfix ,
i : Ycshuags  fom wbat most (wt inhidig) 2 oo et
H Definition. A timed language over an alphabet ¥ is a set of timed 3 RV hesy, et o afre
words over X, On.
15/a1 ' 16/a1




Timed Biichi Automata

wt gl ! ?&3&:\ Gd

/
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lock constraints over X is defined

Definition.  The set $(X) of
inductively by

du=z<clc<a|=d|d1A%

where z € X and ¢ € Q is a rational constant.

Lfuncs)

with this transition, and § is a clock constraint over X .

o F CSis aset of accepting states.

17/a

3

Example: TBA

A= (%,8,5, X,E, F)

(5,5',a,\,0) € B

18/a1

Definition. A timed Biichi automaton (TBA) A is a tuple \
(3,8, S0, X, B, F), where 3 e
o 3 is an alphabet, ¢ B=fabf eE<{ (s, §,8, 8,4 )” !
« S'is a finite set of states, So C S is a set of start states, 0 =055, S, VL (1,550, 9 L)
« X is a finite set of clocks, and =1 (s 324,41, 3
« ECSxSx%x2% x B(X) gives the set of transitions. (5,51,6, P, xc2),
An edge (s, s',a,\, 8) represents a transition from state s to state 3 X =i4 AW 2,4, ), )
s/ on input symbol a. The set A C X gives the clocks to be reset P I e w :

References
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