Temporal Logic and State Systems

Prof. Dr. Fred Kroger

WS 2003/04

2=

nn



Verification of Finite State
Systems: Model Checking



Verification of Finite State Systems: Model Checking

Finite State Systems

Definition (Finite State System):

A finite state system (briefly: FSS) ¥ = (V, S, T) is given by
e a finite set V of system (or state) variables,

e aset S of (system) states n: V — {ff, tt},

e a total transition relation T"C § x S.

An adequate temporal logic for FSS is a propositional one (LTL, CTL, ...).
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Verification Methods

Methods for verifying a property A for a specification F¢ of an FSS ¥ = (V, S, T'):
1. Show Fy -4 as for "infinite" systems (verification by deduction).

2. Show that "A holds in all runs of ¥" (model checking).
This means:
o In linear temporal logics: Check whether all temporal structures Wy induced by ¥ satisfy A.

o In branching time logics: Check whether A is valid in Ky.

(Kg is the temporal structure (S, p) with ipj given by (n;, n;) € T forn;,n;, € S.)
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CTL Model Checking

Definition (Satisfactory Set):

Let ¥ = (V,S, T) be an FSS and F a formula of Lc11,(V). The satisfactory set
[F] of F (in V) istheset [F]={neS|nEF}.

(Notation: n=F for K\ (F) = tt.)

CTL Model checking means:
For ¥ and F': Determinine [F1].

(Then: Fis valid in Kg < [F] contains all states of V.)
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Determination of | /]

[F'] can be recursively defined according to the form of F
[v] ={n € S[nkEv}.
[false] = 0.
[A— B]={neS|nkFA— B}
={nes|KPwU) =1 or KP(B) =tt}
= (S\ [A]) v [B].
(additionally: [-A] =9\ [A].
[AV B] = [A] U [B].
[A A B] = [A] N [B].
[true] =S5.)
[HOA] ={n € S | thereis some ' € S with (n,n") € T and n’FA}
= {n € S | there is some ' € S with (n,7') € T and n’ € [A]}.
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The cases 70 A and A Juntil B are non-trivial and need some preparations:
Let W = (V,S, T) be an FSS, P(S) the power set of S and P C P(S) with
DePandS eP.

Definition (Monotonicity, Fixpoint):

A mapping 7 : P — P is called monotone if for all P, Q) € P:
PCQ=mn(P)Cn(Q).

P € P is called fixpoint of «, if 7(P) = P.

Lemma:
If 7 : P — P is monotone then for all 7 € N:

a) (D) S D).

b) x(S) D aTL(9).

Lemma:

Let 7 : P — P be monotone, LFP(w) = |,y 7' (0), GFP(m) =), ™' (5).
Then: LFP(w) € P, GFP(w) € P, and LFP(r) and GFP(x) are fixpoints of .
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Let U = (V,S,T)bean FSS and Py = {[F] | F formula of Loy, (V) be the set of
all satisfactory sets of formulas of LcrL(V). (Then: Py C P(S), 0 = [false] € Py,
S = [true] € Py.) Let A and B be formulas of Lo, (V) and the mappings
w1, T . Py — Py be defined by:

m([F]) = [AA3OF],

o ([F]) = [BV (AAIOF)].

Lemma:

m and w5 are monotone.
Theorem:

[AOA] = GFP(m).
Theorem:

[A Juntil B] = LFP(xs).
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Construction of [30A]:

Let the formulas Cy, C1, Cs, ... be given by

Co=true, C;.1=AANJOC; fori=0,1,2,...
Construct [C;] for i = 0,1,2, ... until [C;11] = [C}] for some k. Then
[304] = [Gi].

Construction of [4 Juntil B]:
Let the formulas Dy, Dy, D-, ... be given by
D, = false,
Diy1=BV(ANTOD;) fori=0,1,2,...
Construct [D;] for i = 0,1,2,... until [Dy1] = [Dy] for some k.
Then [A Juntil B]| = [ Dy].
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