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Module 1:
Automata-based LTL

model-checking
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Does Transition system satisfy LTL formula φ ?

Negation ¬ φ

NBAA¬φNBAAT .S

Is L(AT .S.) ∩ L(A¬φ) empty ?

Is L(AT .S. × A¬φ) empty ?
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Here: Converting LTL formulas to NBA

Coming next: Examples
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Atomic propositions AP = { p1, p2 }

Alphabet:

{ { }, { p1 }, { p2 }, { p1,p2 } }
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F p1 Words where p1 occurs sometime

{ p2 } { } { p2 } { p1,p2 } { p2 } { p2 } { p2 } . . .

{ p1,p2 } { } { } { p1 } { p1 } { p1,p2 } . . .
...

q0 q1

{ },{p2}

{p1},{p1,p2}

*
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F p1 Words where p1 occurs sometime

{ p2 } { } { p2 } { p1,p2 } { p2 } { p2 } { p2 } . . .

{ p1,p2 } { } { } { p1 } { p1 } { p1,p2 } . . .
...

q0 q1

{ },{p2}

{p1},{p1,p2}

*
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G p1 Words where p1 occurs always

{ p1 } { p1,p2} { p1 } { p1,p2 } { p1 } { p1 } { p1 } . . .

{ p1,p2 } { p1,p2} { p1 } { p1 } { p1 } { p1,p2 } . . .
...

q0

{ p1},{p1,p2}
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...

q0
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p1 ∧ ¬p2 Words starting with {p1}

{ p1 } { } { p2 } { p1,p2 } { p2 } { p2 } { p2 } . . .

{ p1 } { } { } { p1 } { p1 } { p1,p2 } . . .
...

q0 q1

{p1}

*
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{ p1 } { } { p2 } { p1,p2 } { p2 } { p2 } { p2 } . . .

{ p1 } { } { } { p1 } { p1 } { p1,p2 } . . .
...

q0 q1

{p1}

*
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p1 ∧ X ¬p2

{ p1 } { } { p2 } { p1,p2 } { p2 } { p2 } { p2 } . . .

{ p1,p2 } { p1} { } { p1 } { p1 } { p1,p2 } . . .
...

q0 q1 q2

{ p1},{p1,p2} { },{p1}

*

9/17



p1 ∧ X ¬p2

{ p1 } { } { p2 } { p1,p2 } { p2 } { p2 } { p2 } . . .

{ p1,p2 } { p1} { } { p1 } { p1 } { p1,p2 } . . .
...

q0 q1 q2

{ p1},{p1,p2} { },{p1}

*
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XX ( p1 ∧ X ¬p2)

{ }{ }{ p1 } { } { p2 } { p1,p2 } { p2 } { p2 } { p2 } . . .

{ p2 }{ p1 }{ p1,p2 } { p1} { } { p1 } { p1 } { p1,p2 } . . .
...

q0 q1 q2 q3 q4
* * { p1},{p1,p2} { },{p1}

*
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XX ( p1 ∧ X ¬p2)

{ }{ }{ p1 } { } { p2 } { p1,p2 } { p2 } { p2 } { p2 } . . .

{ p2 }{ p1 }{ p1,p2 } { p1} { } { p1 } { p1 } { p1,p2 } . . .
...

q0 q1 q2 q3 q4
* * { p1},{p1,p2} { },{p1}

*
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p1 U p2

{ p1 } { p1 } { p2 } { p1,p2 } { p2 } { p2 } { p2 } . . .

{ p1,p2 } { } { } { p1 } { p1 } { p1,p2 } . . .
...

q0 q1

{ p1 }

{p2},{p1,p2}

*
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p1 U p2

{ p1 } { p1 } { p2 } { p1,p2 } { p2 } { p2 } { p2 } . . .

{ p1,p2 } { } { } { p1 } { p1 } { p1,p2 } . . .
...

q0 q1

{ p1 }

{p2},{p1,p2}

*
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(X p1) U p2

{ p2 } { } { p2 } { p1,p2 } { p2 } { p2 } { p2 } . . .

{ } { p1} { p1 } { p1 } { p1,p2 } { p1,p2 } . . .

{ } { p1,p2} { } { } { p2 } { p1,p2 } . . .
...

q0 q1

q2 q3

{p1,p2},{p2}

{ },{p1}
{p1,p2}

{ p1,p2 }

*

{ p1 }
{ p1 }

12/17



(X p1) U p2

{ p2 } { } { p2 } { p1,p2 } { p2 } { p2 } { p2 } . . .

{ } { p1} { p1 } { p1 } { p1,p2 } { p1,p2 } . . .

{ } { p1,p2} { } { } { p2 } { p1,p2 } . . .
...

q0 q1

q2 q3

{p1,p2},{p2}

{ },{p1}
{p1,p2}

{ p1,p2 }

*

{ p1 }
{ p1 }
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F p1 ∧ ¬ F p2

{ } { } { p1 } { p1 } { } { p1 } { p1 } . . .

{ p1 } { } { } { } { } { } . . .
...

q0 q1

{ }

{p1}

{ },{p1}
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F p1 ∧ ¬ F p2

{ } { } { p1 } { p1 } { } { p1 } { p1 } . . .

{ p1 } { } { } { } { } { } . . .
...

q0 q1

{ }

{p1}

{ },{p1}
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p1 ∧ X ¬p1 ∧ G ( p1 ↔ XX p1 )

p1 p1 p1 p1 p1¬p1 ¬p1 ¬p1 ¬p1

q0 q1

{ p1 },{ p1,p2 }

{ },{ p2 }
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p1 ∧ X ¬p1 ∧ G ( p1 ↔ XX p1 )

p1 p1 p1 p1 p1¬p1 ¬p1 ¬p1 ¬p1

q0 q1

{ p1 },{ p1,p2 }

{ },{ p2 }
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G F p1 Words where p1 occurs infinitely often

{ } { p1 } { p2 } { p1,p2 } { p2 } { p1 } { p2 } . . .

{ } { } { } { p1 } { p1 } { p1 } . . .
...

q0 q1

{p1},{p1,p2} { },{p2} { },{p2}

{p1},{p1,p2}

15/17



G F p1 Words where p1 occurs infinitely often
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G (p1 → XF p2)

p1

F p2

p1 p1 p1

F p2

p1 p1 p1 p1

p2 p2 p2 p2

q0 q1 q2
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Summary

LTL model-checking

Method

LTL to NBA examples
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