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Contents & Goals
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Last Lecture:

Undecidability Results for TBA

This Lecture:
Educational Objectives: Capabilities for following tasks/questions.
How can we relate TA and DC formulae? What's a bit tricky about that?

Can we use Uppaal to check whether a TA satisfies a DC formula?

Content:
An evolution-of-observables semantics of TA
A satisfaction relation between TA and DC

Model-checking DC properties with Uppaal
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You Are Here
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Content
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Introduction

First-order Logic

Duration Calculus (DC)

Semantical Correctness
Proofs with DC

DC Decidability
DC Implementables

PLC-Automata

obs : Time — Z(0bs)

Timed Automata (TA), Uppaal
Networks of Timed Automata
Region /Zone-Abstraction
Extended Timed Automata
Undecidability Results

(0bs0, 10}, to =% (0bs1,v1) b1 ...

Automatic Verification...

...whether TA satisfies DC formula, observer-based

Recap
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Tying It All Together
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Require- ~ Duration
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,',' satisfied by T I
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compilerl \/
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Observer-based Automatic Verification of DC Properties
for TA
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Model-Checking DC Properties with Uppaal
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—" here?

First Question: what is the

Second Question: what kinds of DC formulae can we check with Uppaal?

Clear: Not every DC formula.
(Otherwise contradicting undecidability results.)

Quite clear: F' = [off| or F = ={[light]

(Use Uppaal's fragment of TCTL, something like V[ off,
but not exactly (see later).)

Maybe: F=/{>5 = {[off]°

Not so clear: F' = ={([bright] ; [light])
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Example: Let’s Start With Single Runs
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press?

press!

| WD) B -oflight]

>3

0 2.0

2.9

Construct interpretation Lz(£) : Time — {off, light, bright}:

Lz(§)
bright ——
light o— e
off — 0 | | | |
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Example 2: Another Single Run
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press?

press!

| WD) B -oflight]

>3

_,off 2.5, off T, light T, bright T, off 1.0
#»;sé
) «
LI.(f) s / ot 7444
bright 6 s
light of G,/
Off ‘— | | “‘o. | ‘O | | | |
o 1 2 3 4 5 ¢ 7 [lime

We know this problem from the exercises...
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Observing Timed Automata
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DC Properties of Timed Automata
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Wanted: A satisfaction relation between networks of timed automata and DC
formulae, a notion of A\ satisfies F', denoted by N = F.

Plan:
Consider network N consisting of TA
Aci = (Li, Ci, B, Ui, X3, Vi, I, By Uini i)

Define observables Obs(\) of N.

Define evolution Z¢ of Obs(N) induced by computation path
¢ € CompPaths(N) of N,
CompPaths(N) = {£ | € is a computation path of '}

Say N & F if and only if V& € CompPaths(N) : Ze = F.

11/38



Observables of TA Network
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Let N be a network of n extended timed automata

Ae,i — (L’La C’ia Bia U’ia Xia ‘/jia I’ia E’éa gznz,z)

For simplicity: assume that the L; and X, are pairwise disjoint and that each
V; is pairwise disjoint to every L; and X; (otherwise rename).

R vesiables
Definition: The observables Obs(N\) of N are

{tr,....030 | Vi

\ 1<i<n
with ciyent /aca"é'dh d/ ')Ve,1

D(&;):L.i, (c\)au((/é-c less Cm»vfcc.oh;
D(v) as given, v € V. L e o, f@n'/@«.i
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Observables of TA Network: Example
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Aeci = (Li, Cs, Bi, Uy, X3, Vi, I, By lini i).

The observables Obs(N) of A are {f1,...,ln} UU;<;<, Vi with
D(¢;) = Li,
D(v) as given, v € V.

x> 3 4"‘" a+q

Oas(ﬂ)’{c@u 62,43

) =5, byl kgt | D)= 563
@(d) = 30,.., 5'5
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