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Uppaal Fragment of Timed Computation Tree Logic

Consider N = C(A; A,,) over data variables V.

« basic formula:
atom = Al | ¢
where ¢ € L; is a location and ¢ a constraint over X; and V.

« configuration formulae:

term = atom | —term | termy A terms

 existential path formulae: (“exists final

" “exists globally”)
e-formula ::= 3¢ term | 30 term

« universal path formulae: (“always finally”, “always globally”, “leads to”)

a-formula ::= YO term | VOl term | term; —» termy

o formulae:
F 2= e-formula | a-formula

Content

o Uppaal Query Language
o Syntax
«» Excursion: Transition Graph

» Satisfaction Relation
e

o A satisfaction relation between timed automata
and DC formulae

 observables of timed automata
 evolution induced by computation path

« Asimple and wrong solution.
71. ad-hoc fix for invariants

 Testable DC Properties
W- observer construction
@ untestable DC properties

2ar
Configurations at Time t
 Recall: computation path (or path) starting in AM? Vo)
€= (lowo).to 25 () ta 25 (Boyva) 2 25
which is infinite or maximally finite.
« Given¢andt € Time, we :mmummnv to denote the set
()| FieNg:ty <t <tig Al=lAv=v,+t—t}.
of configurations at time ¢.
* Whyisitaset?
« Canitbe empty?
50

The Logic of Uppaal

Example
&= (off,a = 0),0 12 (off,z = 4.2),4.2 2%, (light, z = 0),4.2
press?

21 (light, = 2.1),6.3 2%, (bright, = 2.1),6.3

29 (bright, = = 12.1),16.3 2= (off, z = 12.1),16.3

2%, light, & = 0),16.3 % (light, = = 0),16.3
(light, > = 0),16.3

[ c0-(@n|3ietitist<tmni=bav=vtt—ty |

o £(0) = { G =0 o £(4.2001) = [ < Lpet < 0,00075F
o £(0.1) = Coff, =01 o £(16.3) = { Sogld x=ler>, . §

o £(4.1999) = § <, x=11355f o g2 =§}

o £(4.2) = §cd, 3415, gt o0}



Excursion: Computation / Transition Graph Satisfaction of Uppaal-Logic by Configurations Satisfaction of Uppaal-Logic by Configurations

© Recall: operational semantics of network A of timed automata » We define a satisfaction relation » We define a satisfaction relation

is a labelled transition system 4 -

(Lo, vo), to = F {lo, o), to = F
N A .
= LT N Ti 3 Cini).- . " . " " "
TN) = (Conf, Time U {7}, {5 A € Time U {73}, Cins) between time stamped configurations between time stamped configurations

(Parts of) () can be represented as a P o

. W) P (%o, vo), to (lo vo).to

directed, edge-labelled graph

(V.E, Time U {7}) where Example: Desktop Lamp. of a network C(A, A,,) and formulae F of the Uppaal loy of anetwork C(A, ..., A,) and formulae F of the Uppaal logic.

« vertices V/ C Conf are (possibly

time-stamped) configurations, (off, 1.0),1.0 o Itis defined inductively as follows (starting with atoms and terms): « Itis defined inductively as follows (starting with atoms and terms):
« graph-edges (¢, A, ) press? . . . .
correspond to transitions ¢ 2 ¢/ o (b o = Al iff ;=0 o (lo,vo),to = Ait it ly;=(
« There may be at most o (lo,mo)oto E iff Ve o (o) to =@ iff v
one designated start vertex c, (off,1.27), 1.27 press? 7 H <z - e 7 # @
o pathsin the graph originating at ¢ (@) © (o, vo), to = ~term it <.t b~ e (lo,v0),to |= ~term iff (L. v0),t0 b= term
« represent transition sequences (or {light, 2.9), 3.9 (bright, 0),1.0 o (% E termy Aterma  iff (o0 e, =12 o (I, 10)sto |= termy A termy  iff k= termi,i = 1,2
] computation paths) of 7 (A") i H
] starting in c. H H
3 Tra7 * 847 ¥ 847
Satisfaction of Uppaal-Logic by Configurations Satisfaction of Uppaal-Logic by Configurations Satisfaction of Uppaal-Logic by Configurations
Exists finally: > Exists finally: > Exists globally: \)\/
o (fo, ), to = 30 term iff 3path & of A" startingin (7. 1), to o (fy, o), to = 30 term iff 3path & of A starting in (7o, o), to o (fo, o), to = I term iff Jpath & of A startingin (2, o), to
3t € Time, (f.v) € Conf : 3t € Time, (f,v) € Conf : Vi€ Time, (,v) € Conf :
—— to<t A ({Bv)€E(t) A (Lv),t  term " to<t A (L) eEt) A (Lv) it term to<t A (Lv) €E(t) = (L)t term
Example: 30 ¢ Example: 30 ¢ Example: 30 ¢

®) o, vo)sto

T




Satisfaction of Uppaal-Logic by Configurations Satisfaction of Uppaal-Logic by Configurations

Satisfaction of Uppaal-Logic by Configurations

Exists globally: > o Always finally: Leads to:
o (fo, ), to = I term iff 3path & of A startingin (%, 1), to B B o (fo k= termy — termy  iff Vpath § of A startingin (¢, vo). to
Vit e Time, (I,v) € Conf : o (lo, 1), to = VO term iff (£, vo). to = 30 —term Yt € Time, @ v) € Conf:
to<t A (Lv) €&(t) = (Lv),t = term to<t A (L) €€() A (Ew)t = term,
= ((,v),t E YO termy

« Always globally:

mxwau_m_urmhl P2 AN ol
0,10)to

Example: 30 ¢ B o (Lo, v0), to = VO term iff (€, vo), to B 30 —term
(€0, 10), to
—p1, 02 ; o172
A B 2, 222
111 :
O Jﬁrﬁm\ - 22 - P92
: 10747 2 s 1247
Satisfaction of Uppaal-Logic by Configurations Satisfaction of Uppaal-Logic by Networks Example press?
Leads to: * Wewrite N |= e-formula if and only if
. QAP.S_VL: f= termy — termy  iff  Vpath € of A starting in A\AP.SUVL: > > _
. Vit e Time, (7,v) € Conf : for some (4o, vo) € Cinis (£, 10),0 | e-formula, o)
(v v2focn > \,w?w: to<t A (Lv) €&(t) A {Ew),t = termy and " = a-formula if and only if
" respose = (6,v),t = VO termy = B
forall (o, v0) € Cini, (€0, 10),0 = a-formula, 2
Example: o; — @2 - ~
(€o, vo), to where C;,,; are the initial configurations of 7. (\).

o If Cyi = 0, (1) is a contradiction and (2) is a tautology.

o If iy # 0, then .
N = Fifand only if (£, vini), 0 = F.

TP P2

A22,1
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Example

o N =30 Lbright?/

o N ET0Lbiight? X (e olmge st aff. )
S NEIOLo S (chy o f L)

o N0 Llight? X ——

o N = vOlcbright — o> wq X

N be%wz - ho&q

747

Content
Introduction

+ Observables and Evolutions « Timed Automata (TA), Uppaal
« Networks of Timed Automata

« Region/Zone-Abstraction

« Duration Calculus (DC)

« Semantical Correctness Proofs >

< DC Decidabiity + TA model-checking P
_Extended Timed Automata.

+ DCImplementables
& Undecidability Results

« PLC-Automata

obs : Time — 7(obs) (e efttn 225 e zalhin
~ s
« Automatic Verification

..whether a TA satisfies a DC formula, observer-based
Recent Results:

«(Timed Sequence Diagrams) or Quasi-equal Clocks.

or Automatic Code Generation, or
omaTe ore e e

17

Uppaal Larsen et al. (1997); Behrmann et al. (2004)
Demo, Vol. 2

Tying It All Together

botraction  Tormal description semantic automatic formal descr.
al m_ﬁsﬁ_o: language | integration verification language Il
level
Require- _____ | Duration
ments Caleulls operational semantics

U \|/

Constraint __logical ) . LiveSeq.
" — 28 . DC  equiv. equiv.
Diagrams  semanti e . " Charts

satisfied by * I

H logical .
Designs ¢ - - [PLC-Automatal ———— DC  cquiv. .
semantics
SEE_L /|\

Ccode operational semantics

PLC code

Programs ----

15047

Hranshars U

Uppaal Architecture — 22+4s/

Famsior

Content

* Uppaal Query Language

* A satisfaction relation between timed automata
and DC formulae

« observables of timed automata

(e evolution induced by computation path

» Asimple and wrong solution.
71- ad-hoc fix for invariants

» Testable DC Properties

:

o observer construction

o untestable DC properties

16/




Observer-based Automatic Verification of DC Properties
for Timed Automata

Network of TA Satisfies DC Formula

Question 1: what is the “|="-relation here?
What should it mean if we say “network V' satisfies DC formula F”" (written ' |= F)?
Two main options:
« Characterise the behaviour of A" by a DC formula F)y and set
NEF i (FEy — wp
2 A
> De

(as we have done for PLC automata)

« “Transform” each computation paths ¢ of A into an evolution Z¢ and set

NEF iff VéeIij= F

that is, the evolution of each computation path of A/ realises F from 0.

In the following, we shall discuss the second one.

20747

Model-Checking DC Properties with Uppaal

DC formula

© Qs
Ay —> Fn— <> - o i)
« Question 1: what is the “="-relation here?

» Question 2: what kinds of DC formulae can we check with Uppaal?

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

—Ofoff] or
(Use Uppaals fragment of TCTL, something like (!) Y off.)

o Maybe: F =0>5 = ([off]”

o Notso clear: F' = ~0([bright]

light])

Wa

Observables of a Network of Timed Automata

Let \ be a network of n extended timed automata

Aci = (Li, Ci, Bi, Ui, Xi, Vi, i, B Uini,

For simplicity: assume that all Z; and V; are pairwise disjoint (otherwise rename).

Definition. The observables Obs(A') of A are

30 v

1<i<n

{a,

with m@s - @%
o D(t;) = Li,
* D(v) is the domain of data-variable v in A, ;.

24/

Observing Timed Automata

22
Example
presst
@=@=81CD
IEE]
» Observables: Obs(\) = {¢y, ¢, } with
o D(ty) = {off, light, bright}, D(() = {£o}. (No data variables in A1)
Consider computation path
e=(fy,0 2% (o) 05 7 (leht) o5 20, (lighty 4 5 7, (brighty 45
and construct interpretation Z; : Obs(\") — (Time — D):
Ze(tr) I
bright i —_—
. ) i Time
5 6 7 25,0



Tell Them What You’ve Told Them. ..

« whichisa tiny little fragment of Timed CTL (TCTL),
« and as such by far not as expressive as Duration Calculus.

» TCTLis another means to formalise requirements.

-

» For testable DC formulae F, we can automatically verify
whether a network " satisfies F.

» by constructing an observer automaton
« and transforming \ appropriately.

o There are untestable DC formulae.
(Everything else would be surprising)

45,47
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