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Real-Time Systems

Ledure 15: The Universality Problem for TBA
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Last Lecture:

Extended Timed Automata

This Lecture:

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?

Content:
Uppaal Query Language

Timed Biichi Automata and timed regular languages [Alur and Dill, 1994].

The Universality Problem is undecidable for TBA [Alur and Dill, 1994]
Why this is unfortunate.

Timed regular languages are not everything.
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The Logic of Uppad

341

The Uppad Fragment of Timed Computation TreelLogic
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Consider N' = C(Ay,...,A,) over data variables V.

e basic formula:
atom = A; L | ¢

where ¢ € L; is a location and ¢ a constraint over X; and V.

e configuration formulae:
term ::= atom | —term | termy A termsg
» existential path formulae: (“exists finally”, “exists globally")
e-formula ::= 30 term | 30 term
o universal path formulae: (“always finally”, “always globally”, “leads to")
a-formula ::= VO term | VO term | term; — termg

o formulae:
F ::= e-formula | a-formula
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Configuationsat Timet 1

o Recall: computation pay/or ath) st

§= <€0,7/0> t0—><[ ).t 9, Va), by = ..
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which is infinite or maximally finite.

o Given £ and ¢ € Time, we use £(t) to denote the set
() | FieNg:t; <t <ty Al=0l; Av=uv; +t—t;}.
of configurations at time t.

e Why is it a set?
o Can it be empty?

0=
E(0)= <7, y+020>

E30) ={<&m. <&}
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Saisfaction o Uppad-Logic by Configuations
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We define a satisfaction relation

<E_E]7 V0>7t0 'Z F

between time stamped configurations

<‘Z()7 V0>7t0

of a network C(Ay,...,.A,) and formulae F' of the Uppaal logic.

o It is defined inductively as follows: A locaba, vn Z
o (Lo, v, to = Ayl iff by, =&

o (lo,vo),to = ¢ iff b £ ¢

° (lz),yo),to E —term iff <(2,V°),{o V‘ om

- e J7?
(Lo, v0), to = termq A termsy iff <f0/%>~'¢ [:7@\‘1,‘,
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Saisfaction o Uppad-Logic by Configuations
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Exists finally:
o (E;,I/O),to E 30 term iff Jpath £ of N starting in <%,y0>,t0
3t € Time, <l7: v) € Conf :
to <tA(L,v) € ) A V), t = term
Example: 3¢ ¢
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Saisfaction o Uppad-Logic by Configuations
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pole, : wares 7am»{',§/7
Exists globally: /_‘_\ W Cluents """f({}
o (lo, o), to = I term iff Jpath & of A stafting in (o, o), to
YVt € Time, (Z v) € Conf :
to <tA V) € E(t) = (0,v),t = term

Example: 300 ¢
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Saisfaction o Uppad-Logic by Configuations

— 15 — 2013-06-26 — Sutl —

o Always finally: “V"HL“J{

é‘TI‘l‘\l‘
o (lo, o), to = VO term iff (0o, 1), to B 30 —term
o Always globally:
o (K_E), Vo), to = VO term iff (6_2),1/0>,t0 K 30 —term

\S «
Vel YteTi”

Saisfaction o Uppad-Logic by Configuations
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CTL: AG(om, > AFdew,)

Leads to:
o <£_E),Z/0>,t0 = termy —> termy iff Vpath £ of A starting in (E),Z/()),to
Vit € Time, (£,v) € Conf :
o e o< tA (L) € €(t)
A (L, v),t = termy
implies (0, v),t = VO terms

Example: o1 — o (%,1/@,1&0
Y1, P2

7% ';[ "o'ljfh'o.

A1

A1,1,1
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Saisfaction o Uppad-Logic by Networks

o We write
N E e-formula
if and only if
for some <%, vg) € Cini, <Z0, vy),0 = e-formula, (1)
and
N k= a-formula
if and only if

for all (€, o) € Cini, (£o, 10),0 = a-formula, (2)

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

o If Cin; =10, (1) is a contradiction and (2) is a tautology.

o If Cips # 0, then
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N = F if and only if (Zmi,um«),o = F.
11/a:

ffﬁf ! y<i

Y1/ !

Y<3600
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Example
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T

Dt ksl I
2
-~ Pt s

z<3

o LU, X bt — L ? //
mﬂv
o N30 Lobright? %am
o N 30 L.bright? X (e mst be s Lkl Lefoe duisl#) e ’g;/MS
c NEFLom VO ﬂo{‘;on,e/u{,
A1l
o N V0O Llight? X (becawx ®) %)

o NV FVDM X o I'A»JU aid x<3)
“om

o N | L.bright — L.off?
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Timed Bichi Automata

[Alur andDill, 1994

... vs. Timed Automata
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A

press?

press? @ press?

z:=0 r <3

press?
>3

fodlces

¢ = (off,0),0 = (off, 1),1
e (ight, 0),1 2 (light, 3), 4
(bright,3),4 = ...

press?

& is a computation path and run of A.

13/a1

a
So S92
Ti= 0 Q

blla a, x:=0||bx <2

~
accept
New: Given a tided word

(a" 1)7 (b’ 2)? (a7 3)’ (b7 4)’ (a" 5)7 (b5 6)7 MR
does A accept it?

New: acceptance criterion is
visiting accepting state infinitely often.

14/41



Timed Languages
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time values 7; € R7, satisfying the following constraints:

(i) Monotonicity:
T increases strictly monotonically, i.e. 7; < 741 for all ¢ > 1.

Definition. A time sequence T = 71, 7T2,... is an infinite sequence of

(ii) Progress: For every t € ]R(J{, there is some 7 > 1 such that 7; > t.

et 0[ lln#u'/c_uyt{_s WZ

Definition. A timed wo%r an alphabet X is a pair (o, 7) where

0 =01,02, -+ € X is an infinite word over X, and

T is a time sequence.

words over 3.

Definition. A timed language over an alphabet X is a set of timed

Example: Timed Languagp
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Timed word over alphabet X: a pair (o, 7) where
o = 01,02,... is an infinite word over ¥, and
T is a time sequence (strictly (!) monotonic, non-Zeno).

a Could be ‘sqshew beops’
s
b could be ogohe Jleskas Liht !

Lewe = {((ab)?,7) | Fi Vi > i (125 < 751 +2)}

rooA
'6"‘“'5'5"*? "Bll'léétmf
00 o'[a \bl AF Hee '’ w

1\a\ba5«b...akqlon6...

T O T T T bty B G

LA’—V_-./———/ M
T Tp<hyt2

doot wadt hesy oflec e 4 bQﬁV‘(
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..:La{' most (wt M&AL}IJ) 2 e s
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Timed Biichi Automata kot ghompC ! (MJ,,,,(,H od po
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Definition.  The set ®(X) of clock constraints over X is defined
inductively by
du=x<clc<z|d]|d Ad2

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

4

)

s
Definition. A timed Biichi automaton (TBA) A is a tuple
(%, S, S0, X, E, F), where

3. is an alphabet,

S is a finite set of states, Sy C S is a set of start states,

X is a finite set of clocks, and

EC S xS x%x2¥ x ®(X) gives the set of transitions.

An edge (s,s’,a, )\, 8) represents a transition from state s to state
s’ on input symbol a. The set A C X gives the clocks to be reset
with this transition, and § is a clock constraint over X.

F C S is a set of accepting states.

N

vents )

Example: TBA
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A=(%,8,8,X,E,F)
(s,8',a,\,0) € E

b,xr <2
Oﬁrga,kg BE:{(\S@S'),Q 49"'/7144)7 !

'\S‘:T‘sﬂléblsz,-s)] (S'IS"Ib ”/?(M(}
. "?53 ('57 2z, )ZK( "*4.)/

oo (52,5,6, 2, x<2),
‘X""?d

i (} $2,4,3x), -Iu]f

ZEZ:O
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