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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 Uppaal
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The Uppaal Fragment of Timed Computation Tree Logic
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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.

o configuration formulae:

term ::= atom | =term | termy A terms
o existential path formulae: (“exists finally”, “exists globally”)
e-formula ::= 3O term | A0 term

o universal path formulae: (“always finally”, “always globally”, “leads to")
a-formula ::= VO term | VO term | term; — terms

e formulae:
F ::= e-formula | a-formula
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Configurations at Time

— 15 - 2013-06-26 — Sutl -

T
D 30

30 Io
Recall: computation pay/(or ath) st tu% Eo,yy/y
), A

f:<Z),V0> to —><

which is infinite or maximally finite.

t1—2><€_)2,V2> t2—>...

Given £ and t € Time, we use £(t) to denote the set

{<£_;V>|HiEIN()ZtiStfti+1AZ:Z;AV:Vi+t—ti}.

of configurations at time ¢.

Why is it a set?
Can it be empty?

§(0)=‘£<Z, l)o7§
E(02))=§<, p+0233§
E(30) ={<&0.<Ep>f
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Satisfaction of Uppaal-Logic by Configurations
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We define a satisfaction relation

<€_E)7V0>7t0 |: F

between time stamped configurations

<£_E)7 V0>7t0

of a network C(A4,...,A,) and formulae F' of the Uppaal logic.

It is defined inductively as follows: AL locabor, wa Z

(0o, o), to = Aj.l iff &, =&

(0o, vo), to = @ iff 1B, P

(€0, v0), to |= —~term i CEh Uty [ Aom

<€_€)7 L), to = termy A termy iff <Z,;/D>.—(0 /_—,lgw,l-' =12
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Satisfaction of Uppaal-Logic by Configurations
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Exists finally: //—-"’\

(%, Vo), to |E 30 term iff Jpath £ of NV starting in (%, V), to
3¢ € Time, ({, 1) € Conf :
_—— — —
to <tA{lv)ye&(t)N{Lv),t = term

Example: 30 ¢
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Satisfaction of Uppaal-Logic by Configurations
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nole. : UMVQ.SJ% 74 74%/;’7

Exists globally: s ~. / OV CloterenTs w &)
(%, Vo), to = 0 term iff Jpath £ of N/ stgfting in (%, V), to

Vt e Time, (£,v) € Conf :

to <tA (L) € E(t) = (L)t = term

Example: J ¢
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Satisfaction of Uppaal-Logic by Configurations
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o Always finally: \\\/P""L

/ /‘aféTi.u"

o (0, o), to = VO term iff (0o, 1), to = A0 —term

o Always globally:

o (0, 1), to = VO term iff (0o, o), to B~ 3O ~term

[\

D W
V(wu\& V{ € iy !
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Satisfaction of Uppaal-Logic by Configurations

— 15 - 2013-06-26 — Sutl -

CTL: AG (dem, D AFder,)

Leads to:
(E_E), Vo), to FE termlﬁ termq iff ¥V path £ of N starting in <€_E), Vo), to
o e Vi e TlmeL(E, v) € Conf :
o cause) to <t A (l,v) € £(1)
AL, v),t = termy
implies (0, V), t = VO terms
Example: P11 — P2 <£_E)7 I/O>,t0

©1, P2

‘7% If ot f!h:o,

10/41


westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift


Satisfaction of Uppaal-Logic by Networks
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We write
N E e-formula
if and only if
for some (E_;), Vo) € Cing, (E_;), vy),0 = e-formula,
and
N E a-formula
if and only if

for all (E_E), Vo) € Cing, (%, Vo), 0 = a-formula,

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

If Cin; =0, (1) is a contradiction and (2) is a tautology.

If Cni # 0, then

—

(1)

(2)
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Example
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oL
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Example
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/rwu e bart 4 dosed ngtsymy,
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Example
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2 % %z oz 2

T LNU, L bt — &L o V/

30 L. bright? V. (bec are

01 L. bright? X (e west be m Gt before sl USes = peks
_a0c.om V& et conp. pu
_ o L. light? X (becaw (¥))

— VD(C.bright — T > 3)? X ((M hawe Y&Ju aro x(3/
| o

= L.bright — L.off? ¥
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Timed Biichi Automata

[Alur and Dill, 1994]
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vs. Timed Automata
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x> 3

¢ = (off,0),0 = (off, 1), 1

press?

P, (light, 0,1 2 (light, 3), 4

press?

—— (bright, 3),4 = . ..

¢ is a computation path and run of A.

S

s s

bl|a a, x:=0||b,x <2

N
accept
New: Given a tinhed word

(a,1),(b,2),(a,3),(b,4),(a,5),(b,6),...,
does A accept it?

New: acceptance criterion is
visiting accepting state infinitely often.
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Timed Languages
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/[

-

Definition. A time sequence 7 = 7y, 72,... iIs an infinite sequence of
time values 7; € R, satisfying the following constraints:

(i) Monotonicity:
T increases strictly monotonically, i.e. 7; < 7541 for all ¢ > 1.

(i) Progress: For every t € Ry, there is some i > 1 such that 7; > t.

J

et of infuite pvds srec 2,

Definition. A timed word/over an alphabet X is a pair (o, 7) where

o =01,02, - € X% is an infinite word over X, and

T Is a time sequence.

Definition. A timed language over an alphabet X is a set of timed
words over ..
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Example: Timed Language
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Timed word over alphabet 3: a pair (o, 7) where
o = 01,02,... IS an infinite word over X, and
7 is a time sequence (strictly (!) monotonic, non-Zeno).

a Codld be “sqshem beops’
b could be ‘gyede flaskes L'ﬂU’

L. = {((ab)w,T) | =k \V/] > (ng < T2j-1 -+ 2)}

7 A\
&Sfﬁnp "Bhén':w.f
0.0 d'[ a \bl a{ He \ql W

,l\al\bakc(bu.d)oalo a b

.0 TWT T Tpw W CyTyly Ty Z:%z
kﬁ’vv“/
Ta,(tzs-l-z
fuile gt T

st Kwestamgs  foom wbat mast (wt ;MA,L-,.J) 2 Moo e

Ju&‘l' VM#U W Q@U“‘&e a W

On ...
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Timed Blichi Automata
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e

Definition. The set ®(X) of clock constraints over X is defined
inductively by

du=x<clc<x|d|d N

where € X and c € Q) is a rational constant.

/W"z \S"V"\r(' ! (h.(_\]ll?('h/ ék/ yo

%&a&s )

|\

\_

-

L

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

>, is an alphabet,

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

X is a finite set of clocks, and

ECSx8xXx2% x ®(X) gives the set of transitions.

An edge (s,s’,a, \,d) 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
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Example: TBA
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A: (2757507X7E7F)
(s,8,a,\,0) € E

oﬁ:?a,u Bgtf (\So;sq,alﬁj,/w)f@
¢ $=T5,5,5,5) gs,, jo,e,a, i,
0 Sy = 3% % 521 2K, ha ),
) {; (32,83,6, p,xc2)
oX‘.: v (S
3, $2, 4, 3x¢)
a’,lf:iszg AR Mjf
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