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Module 1:
Introduction to LTL



Unit: 4 Unit: 5,6 Unit: 7,8 Unit: 9 Unit: 10
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AP={p,p, }

Transition System Property

{pi} Q{/’pPz}

request=1 request=1
ready busy

request=0 request=0
ready busy

Transition system 7§ satisfies property P if

Traces(7S) C P
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Specifying properties

| ! l

G,F X, GF Finite Automata  cw-regular expressions
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Specifying properties

| ! l

G,F X, GF Finite Automata  w-regular expressions

Here: Another formalism - Linear Temporal Logic



{1,102}

{1,102}

@)

O

ok

O



{p1.02} {1,102} {p2} {1,102} {p2}

N N N Y
-0 U O O 9

¢ := true
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P2 A{p1spa} {1,102} {p2} {1,102} {p2}
P1 —>C G O O O
b= truel p |

p;EAP
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P2 {pipa} {1,102} {p2} {1,102} {p2}
 ~O——O——0——0——0
PN P2

¢ = true| p; | ¢; A ¢,
p; €EAP &1, ¢, : LTL formulas
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P2 {pipa} {1,102} {p2} {1,102} {p2}
 ~O——O——0——0——0
PN P2

$:= true| p; | ¢y A |0 |

p; €EAP &1, ¢, : LTL formulas



P2 {pipa} {1,102} {p2} {1,102} {p2}

P1 —>C G O O O
PN P2

1 {pa} {r1} {r2} {r2} {p2}

-0 O O O O

$:= true| p; | ¢y A |0 |

p; €EAP &1, ¢, : LTL formulas



P2 {pipa} {1,102} {p2} {1,102} {p2}

P1 —>C G O O O
PN P2

P {pa} {r1} {r2} {r2} {p2}

Xp =0 O O O O

= true| p; | ¢ A, | ¢, | X & |

p; €EAP &1, ¢, : LTL formulas



P2 Apipa} {102} {p2} {p1p2} {p2}
r =0 O O O O
1A P
1 {pod {p} {p2} {p2} {p.}
Xp >0 O O O O
X (p1 N =p2)

= true| p; | ¢ A, | ¢, | X & |

p; €EAP &1, b, : LTL formulas



P2 A{p1spa} {1,102} {p2} {1,102} {p2}
P1 —>C G O O O
PN P2
P {pa} {r1} {r2} {r2} {p2}
Xp =0 O O O O
X (py A —p2)
{p1} {p1} {p1} {2} {1}
P UP >0 O O O O

= true| p; | ¢ Ay [=d | XP |4 U,

p; €EAP &1, ¢, : LTL formulas



| P A b2l ] -
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$:= true| p; | S A S| -d | X¢ | b U,

{p1} {1} {1 {p2} {p1}
—(p1 Up,) —’O O O O O
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$:= true| p; | S A S| -d | X¢ | b U,

{1} {1} { {p2} {p1}

=(p1 U py) —>O O O O O
1,03} {1} {1} {2} {p1:p3}

PIU(Pz/\XP,s)—’O O O G G
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$:= true| p; | S A S| -d | X¢ | b U,

{p1} {1} {1 {p2} {p1}

=(p1 U py) —>O O O O O
{p1:03} {p:} {p:} {p2} {103}

PIU(Pz/\XP,s)—’O O O G G

{11} {1 {} {p2} {1}

X(=p1 Up,) _’O O O G G




$:= true| p; | S A S| -d | X¢ | b U,

{p1} {1} {1 {p2} {p1}

=(p1 U py) —>O O O O O
{p1:03} {p:} {p:} {p2} {103}

PIU(Pz/\XP,s)—’O O O G G

{11} {} {} {p2} {1}

X(=p1 Up,) _’O O O G G

{p2} {ps} {p2} {} {r1}

true U p, —)O O O G G




$:= true| p; | S A S| -d | X¢ | b U,

{p1} {1} {1 {p2} {p1}

=(p1 U py) —>O O O O O
{p1:03} {p:} {p:} {p2} {103}

PIU(Pz/\XP,s)—’O O O G G

{11} {} {} {p2} {1}

X(=p1 Up,) _’O O O G G

{p2} {ps} {p2} {} {r1}

true U p, —)O O O G G

{1} {p1,p2} {1} {p1:p2}

2y
—(true U —py) =0 O O O O



$:= true| p; | S A S| -d | X¢ | b U,

{p1} {1} {1 {p2} {p1}

=(p1 U py) —>O O O O O
{p1:03} {p:} {p:} {p2} {103}

PIU(Pz/\XP,s)—’O O O G G

{11} {} {} {p2} {1}

X(=p1 Up,) _’O O O G G

{p2} {ps} {p2} {} {r1}

Fpl true U p, —)O O O G G

{1} {p1,p2} {1} {p1:p2}

2y
—(true U —py) =0 O O O O



$:= true| p; | S A S| -d | X¢ | b U,

{p1} {1} {1 {p2} {p1}

=(p1 U py) —>O O O O O
{p1:03} {p:} {p:} {p2} {103}

PIU(Pz/\XP,s)—’O O O G G

{11} {} {} {p2} {1}

X(=p1 Up,) _’O O O G G

{p2} {ps} {p2} {} {r1}

Fpl true U p, —)O O O G G

{1} {p1,p2} {1} {p1:p2}

{p1}
Gpl —(true U —p,) —)O O ) ) O



Derived operators

> PV $yr =(=¢ A =¢y) (Or)
> ¢y = ¢y —P V ¢, (Implies)
> Fo:true U ¢ (Eventually)

> Go: = F-g (Always)
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GF ¢ (Infinitely often)

¢ ¢ ¢
O0——>0—— - O— - O O
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GF ¢ (Infinitely often)

¢ ¢ ¢
O0—0— - O— - O e

FG ¢ (Eventually forever)

¢ ¢ 4 ¢
~0——0—> + O——0——0——0
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Coming next: More examples
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Atomic propositions AP = { crit|, wait,, crit,, wait, }

crit;: prl.location=crit

crit,: pr2.location=crit

non-crit wait

yi=y+1 y>0:y:=y-1

exiting 4—@

wait,: pri.location=wait

wait,: pr2.location=wait
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> Safety: both processes cannot be in critical section simultaneously

G (—erit; V —erity)

> Liveness: each process visits critical section infinitely often

GFcrity N GF crit,
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Summary

$:=true|p; | Ay [~¢ | Xb | U,

F : true U ¢ (Eventually) G¢p:=F—d (Always)
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