LTL Model Checking

FORMAL SYSTEMS (CS60030)

Professor,

Pallab Dasgupta
Dept. of Computer Sc & Engg

INDIAN INSTITUTE OF TECHNOLOGY KHARAGPUR



LTL Model Checking — An Overview
l System [ Negation of property ]

A 4

A persistence
property for an NBA

v A IS
Model of system LTL formula ¢ FG (“no final state”)

\ 4

Generalised Buchi Automaton G_,

A 4

Transition system TS Blchi automaton A _,
Product transition system
l TS QA_, )
'
Check
Wodel
TS @A =P
Ay F Frersia) Checker
‘Yes’ C ‘No’ (counter-example) )

INDIAN INSTITUTE OF TECHNOLOGY KHARAGPUR



Taking the Product: | TS5 ®A,,

For a transitions system TS = (S, Act, —, |, AP, L), without terminal states, and a non-blocking
NBA A=(Q, X, §, Q), F) where £ = 24P |let:

TS @A = (S, Act, -, I, AP’, L) where,

- §=SXQ,AP’ =Q, and L'(<s,q>) = {q}

S5t A qlitzp

<s,q>5' <t,p>

| L(s,)
o |={<so,q> |SOE| A 3dqy €Qy.qy — q}

« —’is the smallest relation defined by :

g is a state that is reached via a transition

from some g, € Q, labeled with L(s,)
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From LTL to GNBAs

» For LTL property ¢ (for a transition system over AP), construct GNBA G, over 24” with

£,(G,) = Words(yp).

« Assume ¢ contains operators A, =, O, U.
« States of the GNBA: Elementary sets of sub-formulas in ¢

* Transitions between states of the GNBA: derived from the O and U operator expansion laws.

* Accept states guarantee that: o is an accepting runin G, iff o = ¢

over states of the
over 24P for TS

GNBA
CEINERIEWAES)
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Elementary Sets (the states of the GNBA) for ¢

* Foro=A,A A, ... € Words(p),eachA, C AP.

 Foreach A, we construct B, (a set of sub-formula of ¢), to obtain word @ = B,
B, B, ... such that:

- P € B, “ifandonly if’ ' =A A, Ay ... EY
* What should the initial state of the GNBA contain in its elementary sets?

* o should be a run of the GNBA g, for a word o.
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Elementary Sets for ¢ : Computing Closure of ¢

Closure.

* Foran LTL-property ¢, the set closure(¢) consists of:
* All sub-formulas ¥ of ¢ and their negation —1.

- EXAMPLE: a U (—a A b)

Can we take B to be any subset of the closure(¢)?

NO!
They must be “elementary” — consistent (logically and locally) & maximal.
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“Elementary” Sets for ¢

The set B < closure(¢g) is elementary if:
1. Bis logically consistent - if for all ¢, A @, , Y € closure(¢p):

- o, NP, €EB ¢, €EBand g, € B
- YEB = Y ¢B
* true € closure(p) = true € B

2. Bis locally consistent - if for all ¢, U ¢, € closure(¢p):

* 9p,€B=¢,Up,EB
- p,Up,eEBandp, € B— ¢, €EB

3. B is maximal - for all ¥ € closure(y):

- Y ¢B= —YEB
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Examples:
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The GNBA for the LTL-property ¢

For the LTL-property ¢, let G, = (Q, 2*", 8, Q,, F), where

* Qis the set of elementary sets of formulas B < closure(¢p).
- Q={BeQ]|¢peEB}

» F={{B€Q|p,Ugp, & Borg, € B}|p,Uqp,E closure(¢p) }

* The transition relation 6: Q x 2 — Q is given by:
« 6(B,B N AP)is the set of all elementary sets of formulas B’ satisfying:
* Forevery Oy € closure(yp) :
Oye BSyYeEPR
AND
» Forevery ¢, U ¢, € closure(¢p):
pUp,eEB= (p,€B V(p,EB AU, EB'))
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GNBA for ¢ = Oa
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