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Topics
e Syntax of Linear Time Logic (LTL). Basic and derived operators. Examples.
e Semantics of LTL: satisfaction of a formula by an infinite word. Examples.

Semantics of LTL: satisfaction of a formula by a maximal path fragment of a transition system.
Examples.

Semantics of LTL: satisfaction of a formula by a transition system.

e Exercises on LTL formula semantics and satisfaction relations.

Material
Reading:

Chapter 5 of the book, Sections 5.1.1, 5.1.2, 5.1.3

More:

The slides in the following pages are taken from the material of the course “Introduction to Model Check-
ing” held by Prof. Dr. Ir. Joost-Pieter Katoen at Aachen University.
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Temporal logics LrLse3.1-1

extend propositional or predicate logic by
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Temporal logics LrLse3.1-1

extend propositional or predicate logic by
temporal modalities, e.g.

Ly  “¢p holds always”, i.e., now and forever
in the future

Oy "¢ holds now or eventually in the future”
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Temporal logics LrLse3.1-1

extend propositional or predicate logic by
temporal modalities, e.g.

Ly  “¢p holds always”, i.e., now and forever
in the future

Oy "¢ holds now or eventually in the future”

here: two propositional temporal logics:

LTL: linear temporal logic

CTL: computation tree logic
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Linear Temporal Logic (LTL) Urise. 1
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Linear Temporal Logic (LTL) Urise. 1

p = true| a |<p1/\<p2|ﬂ<p

where a € AP
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Linear Temporal Logic (LTL) Urise. 1

p = true| a |<p1/\902|ﬂ90| Op

where a € AP O = next
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Linear Temporal Logic (LTL) Urise. 1

p = true| a |<p1/\<,02|ﬂ<p| O<p|<,01U902

where a € AP O = next U= until
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Linear Temporal Logic (LTL) Urise. 1

p = true| a |<p1/\<,02|ﬂ<p| O<p|<,01U902

where a € AP O = next U= until

atomic
proposition a
ac AP @—0O—0O—0O—0—-0
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Linear Temporal Logic (LTL) Urise. 1

p = true| a |<p1/\<,02|ﬂ<p| O<p|<,01U902

where a € AP O = next U= until
atomic

proposition a

ac AP @—0O—0O—0O—0—-0
next operator a

Oa O—@—0—0—0—0
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Linear Temporal Logic (LTL)

LTLSF3.1-2

p = true| a |<p1/\<,02|ﬂ<p| Og0|<,01U902

U= until

where a € AP O = next
atomic
proposition a
ac AP @—0O—0O—0O—0—-0
next operator a
Oa O—@—0—0—0—0
: a a a b»p
until operator ~ A
aub 00 0 OO
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Derived operators in LTL LTLSF3.1-2

Q n= true|a|<p1/\<p2|—-go| O<p|g01Ug02

derived operators:

V,—,... as usual

13 /416



Derived operators in LTL LTLSF3.1-2

p = true|a|<p1/\<p2|—-<p| O<p|<,01U902

def
derived operators: Op = trueUyp eventually

V,—, ... as usual
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Derived operators in LTL LTLSF3.1-2

p = true|a|<p1/\<p2|—.<p| O<P|<P1U<P2

def
derived operators: Op = trueUyp eventually

V,—,... as usual

until operator a a a b

alb  @—@—@—@—0—O
eventually b
Ob O—0—0—0—0—0
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Derived operators in LTL

LTLSF3.1-2A

p = true|a|<p1/\<p2|—.<p| O‘Pl‘PlUSOz

def
derived operators: Op = trueUyp eventually

V,—,... as usual Op = —-0-¢ always

until operator a a a b
aUb 0 -0 -0 -0O—-0O

eventually b
Ob O—0—0—0—0—0
always a a a a a a

02 000000
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Next O, until U and eventually ¢ UrLSE3. 13
O (try_to_send — ) delivered)

try  del
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Next O, until U and eventually ¢ UrLSE3. 13

O (try_to_send — ) delivered)

try  del

O (try_to_send — try_to_send U delivered)

- ——0—0—0—0 —0— -
try try ty del
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Next O, until U and eventually ¢ UrLSE3. 13
O (try_to_send — ) delivered)

try  del

O (try_to_send — try_to_send U delivered)

- ——0—0—0—0 —0— -
try try ty del

O (try_to_send — ¢ delivered)

- —@ @ @ @ @ o— -
try del
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Examples for LTL formulas LTLSFS. 1-4A

p = true|a|<p1/\<p2|—-<p| O<p|<,01U<P2

eventually always

Qp *f true U @ O ef Q-
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Examples for LTL formulas LTLSFS. 1-4A

p = true|a|<p1/\<p2|—-<p| O<p|<,01U<P2

eventually always

Qp *f true U @ O ef Q-

Examples for LTL formulas:

mutual exclusion: D(—-crit1 \ —-critg)

21 /416



Examples for LTL formulas LTLSFS. 1-4A

p = true|a|<p1/\<p2|—-<p| O<p|<,01U<P2

eventually always

Qp *f true U @ O ef Q-

Examples for LTL formulas:
mutual exclusion: D(—-crit1 \ —-critg)

railroad-crossing: D(train_is_near — gate_is_closed)
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Examples for LTL formulas LTLSFS. 1-4A

p = true|a|<p1/\<p2|—-<p| O<p|<,01U<P2

eventually always

Qp *f true U @ O ef Q-

Examples for LTL formulas:
mutual exclusion: D(—-crit1 \ —-critg)
railroad-crossing: D(train_is_near — gate_is_closed)

progress property: [(request — {response)
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Examples for LTL formulas LTLSFS. 1-4A

p = true|a|<p1/\<p2|—-<p| O<p|<,01U<P2

eventually always

Qp *f true U @ O ef Q-

Examples for LTL formulas:
mutual exclusion: D(—-crit1 \ —-critg)

railroad-crossing: train_is_near — gate_is_closed)

O
progress property: [

(
(request — Oresponse)
traffic light: |:|(

\% O—-red)
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Infinitely often and eventually forever LTLSFS. 14

p = true|a|<p1/\<p2|—-<p| O<p|<,01U<P2

eventually Q¢ dof true U ¢

always O def Q-

25 /416



Infinitely often and eventually forever

LTLSF3.1-4

p = true|a|<p1/\<p2|—-<p| O<p|<,01U<P2

eventually Q¢ ¢ trueU 7
always O def Q-
infinitely often 0o ¢
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Infinitely often and eventually forever

LTLSF3.1-4

p = true|a|<p1/\<p2|—-<p| O<p|<,01U<P2

eventually Q¢ ¢ trueU 7
always Op = -0
infinitely often 0o ¢

e.g., unconditional fairness [crit;

strong fairness OO wait; — OOcrit;
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Infinitely often and eventually forever

LTLSF3.1-4

p = true|a|<p1/\<p2|—-<p| O<p|<,01U<P2

eventually Q¢ ¢ trueU 7
always Op = 0
infinitely often 0o ¢
eventually forever OO

e.g., unconditional fairness [crit;
strong fairness OO wait; — OOcrit;

weak fairness O0wait; — Ocrit;
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LTL-semantics LTLSF3.1-6A
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LTL-semantics LTLSF3.1-6A

interpretation of LTL formulas over traces, i.e.,
infinite words over 24P
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LTL-semantics LTLSF3.1-6A

interpretation of LTL formulas over traces, i.e.,
infinite words over 24P

formalized by a satisfaction relation |= for

e LTL formulas and
e infinite words 0 = Ag A1 Ay ... € (2Ap)w
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Semantics of LTL over infinite words

foro =ApA1 Ay ... € (2AP)w:
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Semantics of LTL over infinite words

foro =ApA1 Ay ... € (2AP)w:

o [ true
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Semantics of LTL over infinite words

foro =ApA1 Ay ... € (2AP)w:

LTLSF3.1-6

o [ true

olEa

iff Ap |= a,.e., a€A
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Semantics of LTL over infinite words

foro =ApA1 Ay ... € (2AP)w:

o [ true
a|=a iff A0|=a,i.e.,a€Ao
oclEpiNps iff o ando = o
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Semantics of LTL over infinite words

foro =ApA1 Ay ... € (2AP)w:

olEa

oE-p

o [ true

iff Ap |= a,.e., a€A

oclEpiNps iff o ando = o

iff o~
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Semantics of LTL over infinite words

foro =ApA1 Ay ... € (2AP)w:

o [ true

olEa

o
o= Oy

iff Ap |= a,.e., a€A

oclEpiNps iff o ando = o

iff o~
iff suffix(o,1)=A1AA; ...
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Semantics of LTL over infinite words

foro =ApA1 Ay ... € (2AP)w:

o [ true

olEa iff ApfEa.e,a€A
oclEpiNps iff o ando = o
oE-p iff o~

ok Qp iff suffix(o,1)=A1AA; ...

ol p1Uyp, iff there exists j > 0 such that
suffix(o,j) = AjAis1 Ajy2 - .. E 2 and
suffix(o,i) = Aj A1 Aiya ... E 1 for0<i<j
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Semantics of LTL over infinite words e 1TSS

foro =ApA1 Ay ... € (2AP)w:

o [ true

olEa iff ApfEa.e,a€A
oclEpiNps iff o ando = o
oE-p iff o~

ok Qp iff suffix(o,1)=A1AA; ...

ol p1Uyp, iff there exists j > 0 such that
suffix(o,j) = AjAis1 Ajy2 - .. E 2 and
suffix(o,i) = Aj A1 Aiya ... E 1 for0<i<j
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LT property of LTL formulas
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LT property of LTL formulas

interpretation of LTL formulas over traces, i.e.,
infinite words over 24P

formalized by a satisfaction relation |= for

e LTL formulas and
e infinite words 0 = Ag A1 Ay ... € (2Ap)w
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LT property of LTL formulas

interpretation of LTL formulas over traces, i.e.,
infinite words over 24P

formalized by a satisfaction relation |= for

e LTL formulas and
e infinite words 0 = Ag A1 Ay ... € (2Ap)w

LT property of formula ¢:

Words(<p) { e (2*P): 0 E ¢}
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LTL-semantics of derived operators  and [0 ..o
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LTL-semantics of derived operators  and [0 ..o

foro =ApA1 Ay ... € (2AP)w:

o= p1Uyp, iff there exists j > 0 such that
Aj Aj_|_1 Aj.|_2 N |= ©2 and
A,‘A,'_|_1A,'.|_2...|=Q01 for0§i<j
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LTL-semantics of derived operators  and [0 ..o

foro =ApA1 Ay ... € (2AP)w:

o= p1Uyp, iff there exists j > 0 such that
AiAis1Ajz2 ... E @2 and
AiAif1Aipr ... E o1 for0<i<j
o Oy iff there exists j > 0 such that
AjAit1 Az - @
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LTL-semantics of derived operators  and [0 ..o

foro =ApA1 Ay ... € (2AP)w:

o= p1Uyp, iff there exists j > 0 such that
AiAis1Ajz2 ... E @2 and
AiAif1Aipr ... E o1 for0<i<j
o Oy iff there exists j > 0 such that
AjAit1 Az - @
o EOp iff for all j > 0 we have:
AjAi1Apa - E @

46 /416



LTL Semantics Over TS LTLSF3.1-LTL-WORDS-PATHS
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LTL Semantics Over TS LTLSF3.1-LTL-WORDS-PATHS

given a TS T = (S, Act, —, Sp, AP, L)
define satisfaction relation |= for
e LTL formulas over AP

e the maximal path fragments and states of 7
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LTL Semantics Over TS LTLSF3.1-LTL-WORDS-PATHS

given a TS T = (S, Act, —, Sp, AP, L)
define satisfaction relation |= for
e LTL formulas over AP

e the maximal path fragments and states of 7

assumption: T has no terminal states, i.e.,
all maximal path fragments in 7 are infinite
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LTL Semantics over paths Of TS LTLSF3.1-LTL-WORDS-PATHS
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LTL Semantics over paths Of TS LTLSF3.1-LTL-WORDS-PATHS

given: TS T = (S, Act,—,Sp, AP, L)
without terminal states
LTL formula ¢ over AP
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LTL Semantics over paths Of TS LTLSF3.1-LTL-WORDS-PATHS

given: TS T = (S, Act,—,Sp, AP, L)
without terminal states
LTL formula ¢ over AP

interpretation of ¢ over infinite path fragments

T =55%...F¢ iff trace(r) | ¢
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LTL Semantics over paths Of TS LTLSF3.1-LTL-WORDS-PATHS

given: TS T = (S, Act,—,Sp, AP, L)
without terminal states
LTL formula ¢ over AP

interpretation of ¢ over infinite path fragments

T=585%...F¢ iff trace(r) ¢
iff trace(mw) € Words(y)
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LTL Semantics over paths Of TS LTLSF3.1-LTL-WORDS-PATHS

given: TS T = (S, Act,—,Sp, AP, L)
without terminal states
LTL formula ¢ over AP

interpretation of ¢ over infinite path fragments

T=585%...F¢ iff trace(r) ¢
iff trace(mw) € Words(y)

remind: LT property of an LTL formula:
Words(p) = {o € (2*F)" : o |& ¢}
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Example: LTL-semantics over paths

(Sl To)——(1)
a3 & {ah)

LTLSF3.1-9

AP = {a, b}



Example: LTL-semantics over paths LTLSF3.1-0

(0 Ts——2) AP = {a, b}
{a} 2] {a, b}

pathm=551999%...
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Example: LTL-semantics over paths LTLSF3.1-0

(0 Ts——2) AP = {a, b}
{a} 2] {a, b}

pathm =ss1 9595 ... trace(r)={a}o{a, b}*

TlEa
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Example: LTL-semantics over paths LTLSF3.1-0

(0 Ts——2) AP = {a, b}
{a} 2] {a, b}

pathm =ss1 9595 ... trace(r)={a}o{a, b}*

w = a, but w £ b as L(s) = {a}
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Example: LTL-semantics over paths LTLSF3.1-0

() Tsv——2D AP = {a, b}

{a} g {ab}
pathm =ss1 9595 ... trace(r)={a}o{a, b}*
w = a, but w £ b as L(s) = {a}

™= O(~aA-b)
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Example: LTL-semantics over paths LTLSF3.1-0

() Tsv——2D AP = {a, b}

{a} g {ab}
pathm =ss1 9595 ... trace(r)={a}o{a, b}*
w = a, but w £ b as L(s) = {a}

7= OQ(—aA-b) as L(s1)) =@
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Example: LTL-semantics over paths LTLSF3.1-0

() Tsv——2D AP = {a, b}

{a} g {ab}

pathm =ss1 9595 ... trace(r)={a}o{a, b}*
w = a, but w £ b as L(s) = {a}
7= OQ(—aA-b) as L(s1)) =@

= O O (aAb)
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Example: LTL-semantics over paths LTLSF3.1-0

() Tsv——2D AP = {a, b}

{a} g {ab}
pathm =ss1 9595 ... trace(r)={a}o{a, b}*
w = a, but w £ b as L(s) = {a}
7= OQ(—aA-b) as L(s1)) =@

T O O (aAb) as L(sy) = {a, b}
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Example: LTL-semantics over paths LTLSF3.1-0

(Sl To)——(1)
a3 & {ah)

pathm=551999%...

AP = {a, b}

trace(n) = {a} & {a, b}*

w = a, but w £ b
™= O(-aA-b)

T OO (aAb)
7 = (~b) U(a A b)

as L(s0) = {a}
as L(s1)) =@

as L(s;) = {a, b}




Example: LTL-semantics over paths LTLSF3.1-0

(0 Ts——2) AP = {a, b}
{a} 2] {a, b}

pathm =ss1 9595 ... trace(r)={a}o{a, b}*
w = a, but w £ b as L(s) = {a}
7= OQ(—aA-b) as L(s1)) =@
T O O (anb) as L(sy) = {a, b}
7 |= (—b) U(a A b) as sp, 51 = b
and sEaAb
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Example: LTL-semantics over paths LTLSF3.1-0

(Sl To)——(1)
a3 & {ah)

pathm=551999%...

AP = {a, b}

trace(n) = {a} & {a, b}*

w = a, but w £ b
™= O(-aA-b)
T O O (aAb)

w = (—b) U(aA b)
7 = (—b) U O(a A b)

as L(s0) = {a}
as L(s1)) =@

as L(s;) = {a, b}
as sp, 5 = b
and s|EaAb




Correct or wrong ? LTLSFS. 17

(0 Ts——2) AP = {a, b}
{a} 2] {a, b}

pathm=ss1551%5S1 ---
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Correct or wrong ? LTLSFS. 17

) s)——=2) AP = {a, b}
{a} 2] {a, b}

path m = sy 51551551 - - - trace(n) = ({a} @)~
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Correct or wrong ? LTLSFS. 17

& s—=D) AP = {a, b}

{a} g {ab}

path m = sy 51551551 - - - trace(n) = ({a} @)~
mlEaUb?
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Correct or wrong ? LTLSFS. 17

& s—=D) AP = {a, b}

{a} g {ab}

path m = sy 51551551 - - - trace(n) = ({a} @)~
wEaUb asspEbands fEFavhb
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Correct or wrong ? LTLSFS. 17

) s)——=2) AP = {a, b}

{a} o {ab}
path m = sy 51551551 - - - trace(n) = ({a} @)~
wEaUb asspEbands fEFavhb

m = Ob— (aUb) ?
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Correct or wrong ? LTLSFS. 17

) s)——=2) AP = {a, b}

{a} o {ab}
path m = sy 51551551 - - - trace(n) = ({a} @)~
wEaUb asspEbands fEFavhb

mEOb— (aUb) asw EOb
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Correct or wrong ? LTLSFS. 17

) s)——=2) AP = {a, b}

{a} o {ab}
path m = sy 51551551 - - - trace(n) = ({a} @)~
wEaUb asspEbands fEFavhb

mEOb— (aUb) asw EOb
TEQO-b?
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Correct or wrong ? LTLSFS. 17

) s)——=2) AP = {a, b}

{a} o {ab}
path m = sy 51551551 - - - trace(n) = ({a} @)~
wEaUb asspEbands fEFavhb

mEOb— (aUb) asw EOb
rEQQ-b as s = —b
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Correct or wrong ? LTLSFS. 17

) s)——=2) AP = {a, b}
{a} 2] {a, b}

path m = sy 51551551 - - - trace(n) = ({a} @)~
wEaUb asspEbands fEFavhb
mEOb— (aUb) asw EOb

rEQQ-b as s = —b
mEOa?
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Correct or wrong ? LTLSFS. 17

) s)——=2) AP = {a, b}
{a} 2] {a, b}

path m = sy 51551551 - - - trace(n) = ({a} @)~
wEaUb asspEbands fEFavhb
mEOb— (aUb) asw EOb

rEQQ-b as s = —b
7 £ Oa as s [~ a
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Correct or wrong ? LTLSFS. 17

) s)——=2) AP = {a, b}

{a} o {ab}
path m = sy 51551551 - - - trace(n) = ({a} @)~
wEaUb asspEbands fEFavhb

mEOb— (aUb) asw EOb

rEQQ-b as s = —b
7 £ Oa as s [~ a

m = 0O0a ?
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Correct or wrong ? LTLSFS. 17

) s)——=2) AP = {a, b}

{a} o {ab}
path m = sy 51551551 - - - trace(n) = ({a} @)~
wEaUb asspEbands fEFavhb

mEOb— (aUb) asw EOb
rEQQ-b as s = —b

7 £ Oa as s [~ a

m = O¢Ca as [JQ = infinitely often

77/ 416



Correct or wrong ? LTLSFS. 17

) s)——=2) AP = {a, b}

{a} o {ab}
path m = sy 51551551 - - - trace(n) = ({a} @)~
wEaUb asspEbands fEFavhb

mEOb— (aUb) asw EOb
rEQQ-b as s = —b

7 £ Oa as s [~ a

m = O¢Ca as [JQ = infinitely often
m = o0a?
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Correct or wrong ? LTLSFS. 17

& Ts)——2 AP = {a, b}

{a} o {ab}

path m = sy 51551551 - - - trace(n) = ({a} @)~
wEaUb asspEbands fEFavhb
mEOb— (aUb) asw EOb

rEQQ-b as s = —b

7 £ Oa as s [~ a

m = O¢Ca as [JQ = infinitely often

m £ O0a as Q0= eventually forever
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LTL-semantics of derived operators T S —.

foro =ApA1 Ay ... € (2AP)w:
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LTL-semantics of derived operators T S —.

foro =ApA1 Ay ... € (2AP)w:

o= Qp iff there exists j > 0 such that
AjAin Az ... E o

olEDOp iff forall j >0 we have:
AiAis1 A2 ... E o
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LTL-semantics of derived operators T S —.

fOI’O‘=A0A1A2 .

e ().

olEOp iff

ocEOp iff

o EOOp iff

there exists § > 0 such that
AiAis1Aisr ... E

for all j > 0 we have:

AiAis1Aize ... E

there are infinitely many j > 0 s.t.
AiAis1Ais2 ... E o
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LTL-semantics of derived operators T S —.

for o = Ao Al A2

e ()

o= Op

o EDOg

o |E OO0

o | OOy

iff

iff

iff

iff

there exists § > 0 such that
AjAin Az ... E o

for all j > 0 we have:

AiAis1Aize ... E

there are infinitely many j > 0 s.t.
AiAis1Ais2 ... E o

for almost all j > 0 we have:
AjAin Az ... E o
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LTL-semantics over paths LTLSF3.1-8

(0 Ts——2) AP = {a, b}
{a} 2] {a, b}

pathm =551 999%...
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LTL-semantics over paths LTLSF3.1-8

(0 Ts——2) AP = {a, b}
{a} 2] {a, b}

pathm =ss1 999 ... trace(r) = {a} 2 {a, b}
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LTL-semantics over paths LTLSF3.1-8
(] Ts)——(=2) AP = {a, b}
{a} z  {ab}
pathm =ss1 999 ... trace(r) = {a} 2 {a, b}

7 O((~aA-b)U(aA b)) ?
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LTL-semantics over paths LTLSF3.1-8

(0 Ts——2) AP = {a, b}
{a} 2] {a, b}

pathm =ss1 999 ... trace(r) = {a} 2 {a, b}

m = OQ((—maA-b)U(aA b)) ass |E—-aA-b
ssEanb
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LTL-semantics over paths LTLSF3.1-8

() Tsv——2D AP = {a, b}

{a} o {ab}
pathm =ss1 999 ... trace(r) = {a} 2 {a, b}
m = OQ((—maA-b)U(aA b)) ass |E—-aA-b

ssEanb
m = QO(a b) ?
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LTL-semantics over paths LTLSF3.1-8

() Tsv——2D AP = {a, b}

{a} o {ab}
pathm =ss1 999 ... trace(r) = {a} 2 {a, b}
m = OQ((—maA-b)U(aA b)) ass |E—-aA-b
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() Tsv——2D AP = {a, b}

{a} o {ab}
pathm=ss1999s ... trace(r)={a}o{a, b}*
m = OQ((—maA-b)U(aA b)) ass |E—-aA-b

ssEanb

m |E OQO(a < b) as s, FEaeb
m = aU(-bUa) as sp, % = a, s1 |E b
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LTL semantics over the states of a TS

given: TS T = (S, Act,—,Sp, AP, L)
without terminal states
LTL formula ¢ over AP

interpretation of ¢ over infinite path fragments

T =58%...F¢ iff trace(r) | ¢

interpretation of ¢ over states:

s ¢ iff trace(m) | ¢ for all m € Paths(s)
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Which formulas hold for 77 LrLsF3.1-11
(o) Ts)——(=21) AP = {a, b}
{a} o {a, b}

T E a asspgfFaand s Ea
T ¥ o0a as sp 51591 --- fF O0a
T = O0Ob v O0(—aA-b) ass, = b, 51 ~a, b
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Which formulas hold for 77?

S T)——2)
{a} o {ab}
T E a
T ¥ o0a

T £ 00b v O0(=a A -b)
T E O>@— (O—a Vv b))

LTLSF3.1-11

AP = {a, b}

asspgfFaand s Ea
as sp 51591 --- fF O0a
ass = b, sy Ea, b

assEb ssEQa
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Correct or wrong? LTLSFS. 112

For each path m we have: m =@ or 7 ¢
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Correct or wrong? LTLSFS. 112

For each path m we have: m =@ or 7 ¢

correct, since 7 = g iff £ @

For each state s we have: s|E¢ or s -y

wrong.

S %)
st OQa and s EQa

{a} o
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LTL-formulas for MUTEX protocols LTLSF3.1-16
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LTL-formulas for MUTEX protocols LTLSF3.1-16

LTL formulas over AP = {waitl,critl,waitz,critg}
e the mutual exclusion property

?

Pmutex =
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LTL formulas over AP = {waitl,critl,waitz,critg}
e the mutual exclusion property
Cmutex = O(—crity V crity)

e ‘“every process enters the critical section infinitely
often”

DLlive = D(}critl N D(}CfitQ

e starvation freedom
“every waiting process finally enters its critical section”

osf = O(waity — Qcrit;) A O(waity; — Ocrity)
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Provide an LTL formula over AP = {a, b} for ... ...

e set of all words Ay Aj Ay ... € (2AP)w such that:

VIZO(QEA, - iZ]./\bEAi_l)
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Provide an LTL formula over AP = {a, b} for ... ...

e set of all words Ay Aj Ay ... € (2AP)w such that:
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Vj>0.(beA V agAj1)
= Words( O(bVv Oma) )
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Provide an LTL formula over AP = {a, b} for ... ...

e set of all words Ay Aj Ay ... € (2AP)w such that:
Vi>0.(aeA = i>21AbeA_)
Vi>0.(beA V ag A1)
= Words( O(bVv Oma) )

e set of all words of the form

{b}™{a} {b}™{a}{b}™{a}...

where m,m,nm,... 2 0
= Words( O((bA—a) U (aA-b)))
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