Example: GNBA for ¢ = Qa

set of acceptance sets: F = Q&
o {a} {3} 2 o2

LTLMC3.2-53

-a
QOa

a

QOa
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Example: GNBA for ¢ = Qa

set of acceptance sets: F = Q&
o {a} {3} 2 o

[ T
—a a a
Oa||Oal||~Oa
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Example: GNBA for ¢ = Qa LTS 253

set of acceptance sets: F = Q&

o {a} {3} @9 o ... E Qa
S S S

a a

—a -a
Oa||Oa||~Oal|"Oa
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Example: GNBA for ¢ = Qa LTS 253

set of acceptance sets: F = Q&

o {a} {3} @9 o ... E Qa
S S S

a a accepting

—a -a
Oa||Oal||7Oa||~Oa| " run
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Soundness of the GNBA for ¢ = Oa LTS, 2-53A

L g

for all words 0 = Ag A1 A2 As ... € L,(G): A ={a}
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Soundness of the GNBA for ¢ = Oa LTS, 2-53A

Pl

for all words 0 = Ag A1 A2 As ... € L,(G): A ={a}

proof:
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Soundness of the GNBA for ¢ = Oa LTS, 2-53A

Pl

for all words 0 = Ag A1 A2 As ... € L,(G): A ={a}
proof: Let By By B; ... be an accepting run for o.
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Soundness of the GNBA for ¢ = Oa LTS, 2-53A

nr
for all words 0 = Ag A1 A2 As ... € L,(G): A ={a}
proof: Let By By B; ... be an accepting run for o.

= (Qae€ B

178 /527



Soundness of the GNBA for ¢ = Oa LTS, 2-53A

nr
for all words 0 = Ag A1 A2 As ... € L,(G): A ={a}
proof: Let By By B; ... be an accepting run for o.

= (Da € By and therefore a € B,
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Soundness of the GNBA for ¢ = Oa LTS, 2-53A

nr
for all words 0 = Ag A1 A2 As ... € L,(G): A ={a}
proof: Let By By B; ... be an accepting run for o.
= (Da € By and therefore a € B,

=—> the outgoing edges of B; have label {a}
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Soundness of the GNBA for ¢ = Oa

LTLMC3.2-53A

LS D
for all words 0 = Ag A1 A2 As ... € L,(G): A ={a}
proof: Let By By B; ... be an accepting run for o.
= (Da € By and therefore a € B,
=—> the outgoing edges of B; have label {a}

- {a} = B NAP = A

181/527



Example: GNBA for ¢ =aUb UriMe3.2-54
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Example: GNBA for ¢ =aUb UriMe3.2-54

a,b,aUb —a,b,—(aU b)
a,~b,aUb a,~b,~(aU b)
—-a, b,aUb

locally inconsistent: {a, b,~(aUb)}
{—a, b,~(aUb)}
{—a,—b,aU b}
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Example: GNBA for ¢ =aUb UriMe3.2-54

a,b,aUb —a,b,—(aU b)
a,~b,aUb a,~b,~(aU b)
—-a, b,aUb

initial states: B withp=aUbe B
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Example: GNBA for ¢ =aUb UriMe3.2-54

—— a,b,aUb —a,b,~(al b)
—— a,nb,aUb a,~b,~(aU b)
—— -a,b,aUb

initial states: B withp=aUbe B
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Example: GNBA for ¢ =aUb UriMe3.2-54

—— a,b,aUb —a,b,~(al b)
—— a,nb,aUb a,~b,~(aU b)
—— -a,b,aUb

initial states: B withp=alUbeB

acceptance condition: just one set of accept states

F=setofall Bwithpe&BorbeB
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Example: GNBA for o = aUb «— NBA|  ucon

—— a,b,aUb

—— a,nb,aUb

—— -a,b,aUb

initial states:

acceptance condition:

—a,b,~(al b)

a,~b,—~(aU b)

B withp=aUbe B

just one set of accept states

F=setofall Bwithpe&BorbeB
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Example: (G)NBA for ¢ =aUb LT1MO3.2-54

—— a,b,aUb —a,b,~(aU b)

——( a,~b,aUb ) a, b, —~(aU b)

—— —a,b,alUb

initial states: B withp=alUbeB

acceptance condition: just one set of accept states

F=setofall Bwithpe&BorbeB
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Example: (G)NBA for ¢ =aUb LT1MO3.2-54

—— a,b,aUb —a,b,~(al b)
——( a,~b,aUb ) a, b, —(aU b)
—— —a,b,aUb

transition relation: B’ € §(B, B N AP) iff
aUbeB < (beB V (a€eB A aUbe B'))
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Example: (G)NBA for ¢ =aUb LT1MO3.2-54

—— a,b,aUb —a,b,~(al b)

——( a,~b,aUb )

a,~b,—~(aU b)

-aAb

transition relation: B’ € §(B, B N AP) iff
aUbeB < (beB V (a€eB A aUbe B'))
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Example: (G)NBA for ¢ =aUb LT1MO3.2-54

aAbO aAb

—— a,b,aUb Qﬂb,ﬂ(auw
——( a,~b,aUb ) a,~b,—(aU b)
—— —a,b,aUb

transition relation: B’ € §(B, B N AP) iff
aUbeB < (beB V (a€eB A aUbe B'))
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Example: (G)NBA for ¢ =aUb LT1MO3.2-54

—— a,b,aUb —a,b,~(al b)
—( a,"b, a@/\ b a, b, —(aU b)
—— —a,b,aUb

transition relation: B’ € §(B, B N AP) iff
aUbeB < (beB V (a€eB A aUbe B'))
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Example: (G)NBA for ¢ =aUb LT1MO3.2-54

— a) b) a U b *_|a/\_'b _______ _la, —.b‘, _:(a U b)

—— —a,b,aUb

transition relation: B’ € §(B, B N AP) iff
aUbeB < (beB V (a€eB A aUbe B'))
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Example: (G)NBA for ¢ =aUb LT1MO3.2-54

—— a,b,aUb —a,b,~(al b)

——( a,~b,aUb ) a, b, —~(aU b)

Ua/\—-b

—— —a,b,aUb

transition relation: B’ € §(B, B N AP) iff
aUbeB < (beB V (a€eB A aUbe B'))
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Example: (G)NBA for ¢ =aUb

a/\bo

aban R




Example: (G)NBA for ¢ =aUb

an bO P n._—-a A —b

aban . |a, —-b —-(an)

{a} {a} {a,b} @ @ @ ... E aUb
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Example: (G)NBA for ¢ =aUb

a/\bo

aban R

{a} {a} {a,0} @ o

197 /527



Example: (G)NBA for ¢ =aUb

a/\bo

aban R

! !
a a
—b| | =b
AR
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Example: (G)NBA for ¢ =aUb

a/\bo

aban R

{a} {a} {a,b} o
! ! !
a a a
—b| |=b| | b
el | e e

g @ ... F aUb
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Example: (G)NBA for ¢ =aUb

a/\bo

aban R

{a} {a} {ab} o
S

! !
a a a —a
—b| |=b| | b| | -b
el el el |

g @ ... F aUb
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Example: (G)NBA for ¢ =aUb

a/\bo

aban R

{a} {a} {ab} @ o
! ! ! !

a a a —a —a
—b| |=b| |b| |=b| b
el el le] |~y

A
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Example: (G)NBA for ¢ =aUb

a/\bo

aban R

{a} {a} {a,b} © @ o = aUb
1 (A R A S

a al| |a| |-a||-a| —a

-b| |=b| |b| |=b| -b|| b

o | ¢l |e| [~y
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Example: (G)NBA for ¢ =aUb

a/\bo

aban R

_|ma, —Ib —-(aU b)

2 —b,~(aUDb)

()aAﬂb

{a} {a} {a,b} @ @ @ ... E aUb
l | A A S
a a a —a || ma || ma | accepting
=b| |=b| |b| |2b| b | b run
P Pl 1P| | PP ¥ o




Example: (G)NBA for ¢ =aUb LTIMO3.2-56

an bO o n._—-a A b

a,b,aUb [ -a, —-b —-(an)

{at{a}{a}{a} ... o
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Example: (G)NBA for ¢ =aUb

{at{a}{a}{a} ... o

only 1 infinite run: qo qo qo - - -

LTLMC3.2-56

ﬂa,

=b,~(aUB)

2, b, ~(aUDb)

()aAﬂb
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Example: (G)NBA for ¢ =aUb LTIAO3.2-56

O6S . e

25,305 — o« --J72,2b,2(aUB)

do /
—{(a,nb,aUb )
{a}U\
— —-a,b,aUb [ --- a,—b,—(aU b)

U{b}\m U{a}

{at{a}{a}{a} ... o

only 1 infinite run: qo qo qo - - -
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Example: (G)NBA for ¢ =aUb LTIAO3.2-56

O{a S [ e

—{ a,b,aUb ces - «4m@, mb, =(aU b)

do / U

—(Gahalb)
{a}U\

— —-a,b,aUb [ --- a,—b,—(aU b)

Oy 7 (A3}

{at{a}{a}{a} ... o

only 1 infinite run: qo qo qo - - . not accepting
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GNBA for LTL-formula ¢

G =(Q,2%",6,Q, F)
state space: Q@ = {B C cl(y) : B is elementary }
initial states: @Qp = {B EQ:p€ B}
transition relation: for B € Q and A € 24P:
if A# BN AP then §(B,A) =2
if A= BN AP then §(B, A) = set of all B' € Q s.t.
Oy eB iff pebB
Uy € B iff (o€ B)V (11 € BAY1 Uty € B)

acceptance set F = {Fy,uy, : 1 Ut € cl(¢)}
where Fy,yy, = {B € Q: 91 Uy» ¢ BV € B}
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s 0 U n d n eSS LTLMC3.2-SOUNDNESS-LTL-2-GNBA

. of the construction LTL formula ¢ ~» GNBA G
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s 0 U n d n eSS LTLMC3.2-SOUNDNESS-LTL-2-GNBA

Let ¢ be an LTL-formula and G = (@, 24P, 4, Qo, F) be
the constructed GNBA.

Claim: Words(yp) = L,(G)
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s 0 U n d n eSS LTLMC3.2-SOUNDNESS-LTL-2-GNBA

Let ¢ be an LTL-formula and G = (@, 24P, 4, Qo, F) be
the constructed GNBA.

Claim: Words(yp) = L,(G)

“C" show: each infinite word Ag A; A, ... € (2AP)~
with AgA; As ... |= ©

has an accepting run in G
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s 0 U n d n eSS LTLMC3.2-SOUNDNESS-LTL-2-GNBA

Let ¢ be an LTL-formula and G = (@, 24P, 4, Qo, F) be
the constructed GNBA.

Claim: Words(yp) = L,(G)

“C" show: each infinite word Ag A; A, ... € (2AP)~
with AgA; As ... |= ©

has an accepting run in G

“D"  show: for all infinite words Ag Ay Az ... € L,(G)
Ao A1 A2 |= (72
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SOU nd ness LTLMC3.2-SOUNDNESS-LTL-2-GNBA

Let ¢ be an LTL-formula and G = (@, 24P, 4, Qo, F) be
the constructed GNBA.

Claim: Words(yp) = L,(G)

“C" show: each infinite word Ag A; A, ... € (2AP)~
with AgA; As ... |= )

has an accepting run in G

“D"  show: for all infinite words Ag Ay Az ... € L,(G)
Ao A1 A2 |= (72
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Accepting runs for the elements of Words(p) ...ci»mcon
LTL formula ¢ ~» GNBA G for Words(¢)

states of G = elementary formula-sets B C cl(yp)
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Accepting runs for the elements of Words(p) ...ci»mcon
LTL formula ¢ ~» GNBA G for Words(¢)

states of G = elementary formula-sets B C cl(yp)

s.t. each word o0 = Ag Ay A,... € Words(yp) can be
extended to an accepting run By B1 B,...in G
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Accepting runs for the elements of Words(p) ...ci»mcon
LTL formula ¢ ~» GNBA G for Words(¢)

states of G = elementary formula-sets B C cl(yp)

s.t. each word o0 = Ag Ay A,... € Words(yp) can be
extended to an accepting run By B1 B,...in G

Example: ¢ = aU(—aA b)
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Accepting runs for the elements of Words(p) ...ci»mcon
LTL formula ¢ ~» GNBA G for Words(¢)

states of G = elementary formula-sets B C cl(yp)

s.t. each word o0 = Ag Ay A,... € Words(yp) can be
extended to an accepting run By B1 B,...in G

Example: ¢ = aU(—aA b)

{a} {a} {ab} {b} @ @ ..F¢

217 /527



Accepting runs for the elements of Words(p) ...ci»mcon
LTL formula ¢ ~» GNBA G for Words(¢)

states of G = elementary formula-sets B C cl(yp)

s.t. each word o0 = Ag Ay A,... € Words(yp) can be
extended to an accepting run By B1 B,...in G

Example: ¢ = aU(—aA b)
G () (ab B B o ko
1 ! ! 1 1 !
B, Bi B B By Bs
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Accepting runs for the elements of Words(p) ...ci»mcon
LTL formula ¢ ~» GNBA G for Words(¢)

states of G = elementary formula-sets B C cl(yp)

s.t. each word o0 = Ag Ay A,... € Words(yp) can be
extended to an accepting run By B1 B,...in G

Example: ¢ = aU(—a A b) Yp=-aAb

{a} {a} {a,b} {b} @ o ..Fy
! ! ! ! ! !
Bp, B B B B B

where the B;'s are states in G, i.e., elementary
subsets of {a, na, b, ~b, ¥, ), @, ~p}
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Accepting runs for the elements of Words(p) ...ci»mcon

LTL formula ¢ ~ GNBA G for Words(y)

states of G = elementary formula-sets B C cl(yp)

s.t. each word o0 = Ag Ay A,... € Words(yp) can be
extended to an accepting run By B1 B,...in G

Example: ¢ = aU(—a A b) Yp=-aAb

{i} {a} {ab} {b} & & ... kv

a
-b

—
©®
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Accepting runs for the elements of Words(p) ...ci»mcon

LTL formula ¢ ~ GNBA G for Words(y)

states of G = elementary formula-sets B C cl(yp)

s.t. each word o0 = Ag Ay A,... € Words(yp) can be
extended to an accepting run By B1 B,...in G

Example: ¢ = aU(—a A b) Yp=-aAb

{a}y {a} {ap} {)} & @ ... ko

l |
a a
-b| | mb
| |-
ol e
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Accepting runs for the elements of Words(p) ...ci»mcon

LTL formula ¢ ~ GNBA G for Words(y)

states of G = elementary formula-sets B C cl(yp)

s.t. each word o0 = Ag Ay A,... € Words(yp) can be
extended to an accepting run By B1 B,...in G

Example: ¢ = aU(—a A b) Yp=-aAb

{a}y {a} {ap} {)} & @ ... ko

l | l
a a a
-b| | mb b
| || |-
ol e @
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Accepting runs for the elements of Words(p) ...ci»mcon

LTL formula ¢ ~ GNBA G for Words(y)

states of G = elementary formula-sets B C cl(yp)

s.t. each word o0 = Ag Ay A,... € Words(yp) can be
extended to an accepting run By B1 B,...in G

Example: ¢ = aU(—a A b) Yp=-aAb

{a} {a} {ap} {)} & @ ... ko

V| ! !
a a al |—a
-b| | b b b
I e A B I
4 $ 4 4
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Accepting runs for the elements of Words(p) ...ci»mcon

LTL formula ¢ ~ GNBA G for Words(y)

states of G = elementary formula-sets B C cl(yp)

s.t. each word o0 = Ag Ay A,... € Words(yp) can be
extended to an accepting run By B1 B,...in G

Example: ¢ = aU(—a A b) Yp=-aAb

{a}y {a} {ap} {)} @ @ ... ko

! ! ! Lol
a a a —a —a
-b| | b b b| | -b
ol T B I 2 O B B B
P Pl 1P
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Accepting runs for the elements of Words(p) ...ci»mcon

LTL formula ¢ ~ GNBA G for Words(y)

states of G
s.t. each word o0 = Ag Ay A,... € Words(yp) can be

extended to an accepting run By B, B> . ..

Example: ¢ = aU(—aA b) Y=-aAb
{a} {a} {ab} {b} o o
! ! ! Lol !
a a a| |-al| | na| |-a
-b| | -b b b| | -b| | -b
ol I I 22 I O B B 0 I
$ Y P ol B

elementary formula-sets B C cl(y)

F o
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GNBA for LTL-formula ¢

G =(Q,2%",6,Q, F)
state space: Q@ = {B C cl(y) : B is elementary }
initial states: @Qp = {B EQ:p€ B}
transition relation: for B € Q and A € 24P:
if A# BN AP then §(B,A) =2
if A= BN AP then §(B, A) = set of all B' € Q s.t.
Oy eB iff pebB
Uy € B iff (o€ B)V (11 € BAY1 Uty € B)

acceptance set F = {Fy,uy, : 1 Ut € cl(¢)}
where Fy,yy, = {B € Q: 91 Uy» ¢ BV € B}
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Elementary formula-sets

B C cl(yp) is elementary iff:
(i) B is maximal consistent w.r.t. prop. logic,
i.e., if ¥, U1 Ay € cl(p) then:

véEB iff - € B
AN, €EB iff Y € B and Yy € B
true € cl(p) implies true € B

(ii) B is locally consistent with respect to until U,
i.e., if 11 Uty € cl(yp) then:

if 1 U1y € B and ¥ & B then ¢, € B
if o € B then ¥, Uy € B
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SOU nd ness LTLMC3.2-SOUNDNESS-LTL-2-GNBA2

Let ¢ be an LTL-formula and G = (@, 24P, 4, Qo, F) be
the constructed GNBA.

Claim: Words(yp) = L,(G)

“C" show: each infinite word Ag A; A, ... € (2AP)~
with AgA; As ... |= ©

has an accepting run in G

“D"  show: for all infinite words Ag Ay Az ... € L,(G)
Ao A1 A2 |= (72

228 /527



SOU nd ness LTLMC3.2-SOUNDNESS-LTL-2-GNBA2

Let ¢ be an LTL-formula and G = (@, 24P, 4, Qo, F) be
the constructed GNBA.

Claim: Words(yp) = L,(G)
“C" show: each infinite word Ag A; A, ... € (2AP)~

with Ag A1 Ay ... |= @

has an accepting run in G

“D"  show: for all infinite words Ag A Az ... € L,(G)
Ao A1 A2 |= (72

229 /527



Proof of £,(G) C Words(y) PTLME 259

Claim: If By A B, A B, A isa path in G s.t.

VFeF 3j>0.B€F
then for all formulas ¢ € cl(y):

v eBy iff AgALAr ... |=¢
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Proof of £,(G) C Words(y) PTLME 259

Claim: If By A B, A B, A isa path in G s.t.

VFeF 3j>0.B€F
then for all formulas ¢ € cl(y):

v eBy iff AgALAr ... |=¢

The claim yields that for each 0 = Ag A1 Az ... € L,(G):
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Proof of £,(G) C Words(y) PTLME 259

Claim: If By A B, ABA . isa path in G s.t.

VFeF 3j>0.B€F
then for all formulas ¢ € cl(y):

v eBy iff AgALAr ... |=¢

The claim yields that for each 0 = Ag A1 Az ... € L,(G):
=—> there is an accepting run By B; B, ... for o
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Proof of £,(G) C Words(y) PTLME 259

Claim: If By A B, ABA . isa path in G s.t.

VFeF 3j>0.B€F
then for all formulas ¢ € cl(y):

v eBy iff AgALAr ... |=¢

The claim yields that for each 0 = Ag A1 Az ... € L,(G):
=—> there is an accepting run By B; B, ... for o

=>Bo—>Bl—> A ..isapathing
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Proof of £,(G) C Words(y) PTLME 259

Claim: If By A B, ABA . isa path in G s.t.

VFeF 3j>0.B€F
then for all formulas ¢ € cl(y):

v eBy iff AgALAr ... |=¢

The claim yields that for each 0 = Ag A1 Az ... € L,(G):
=—> there is an accepting run By B; B, ... for o

=>Bo—>Bl—> A, ..isapathinGst. ¢ € By
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Proof of £,(G) C Words(y) prives.

2-59

Claim: If By A B, A4 is a path

VFeF 3j>0.B€F
then for all formulas ¢ € cl(y):

v eBy iff AgALAr ... |=¢

in G s.t.

The claim yields that for each 0 = Ag A1 Ay ...

=> there is an accepting run Bo B B, ...

for o

=>Bo—>Bl—> A, ..isapathinGst. ¢ € By

1

€ L,(9):

as By € Q
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Proof of £,(G) C Words(y) PTLME 259

Claim: If By A B, ABA . isa path in G s.t.
VFEfEIjZO.BjeF (*)
then for all formulas ¢ € cl(y):
YEeBy iff AAA ... EY
The claim yields that for each 0 = Ag A1 Az ... € L,(G):
= there is an accepting run By B B, ... for o

=>Bo—)Bl—> A, ..isapathinGst. ¢ € By

and (*) holds

n

as By € Q
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Proof of £,(G) C Words(y) PTLME 259

Claim: If By A B, ABA . isa path in G s.t.
VFE}'EIjZO.BjeF (*)
then for all formulas ¢ € cl(y):
YEeBy iff AAA ... EY
The claim yields that for each 0 = Ag A1 Az ... € L,(G):
=—> there is an accepting run By B; B, ... for o

=>Bo—>Bl—> A, ..isapathinGst. ¢ € By

and (*) holds
- O‘=A0A1A2...|=Q0

n

as By € Q
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Proof of £,(G) C Words(y) PTLME 259

Claim: If By A B, ABA . isa path in G s.t.

VFeF3j>0.B€F (*)
then for all formulas ¢ € cl(y):

e By iff AgAAr ... |=’¢)

The claim yields that for each 0 = Ag A1 Az ... € L,(G):
=—> there is an accepting run By B; B, ... for o

== Bo—)Bl—> A, ..isa path in G s.t. | € By
d (*) hold 1
and (*) holds 2s By € Q

=>0‘=A0A1A2...|=Q0

238 /527




Proof of £,(G) C Words(y) PTLME 259

Claim: If By A B, A B, A isa path in G s.t.

VFeF3j>0.B€F (*)
then for all formulas ¢ € cl(y):

v eBy iff AgALAr ... |=’l,b

Proof by structural induction on ¥
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Proof of £,(G) C Words(y) PTLME 259

VFeF3j>0.B€F (*)
then for all formulas ¢ € cl(y):

v eBy iff AgALAr ... |=¢

Claim: If By A B, ABA . isa path in G s.t.

Proof by structural induction on ¥

base of induction:
1 = true
1 =a€ AP
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Proof of £,(G) C Words(y) PTLME 259

VFeF3j>0.B€F (*)
then for all formulas ¢ € cl(y):

v eBy iff AgALAr ... |=¢

Claim: If By A B, A B, A isa path in G s.t.

Proof by structural induction on ¥

base of induction: induction step:
Y = true Y=

Yp=a€AP V=11 A1
v=0v

P =11 U
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Base of induction LTLMC3.2-60

Claim: If By A B, A B, A isa path in G s.t.

VFeF 3j>0.BjeF
then for all formulas ¢ € cl(y):
bEBy iff AgAiAs... U

Base of induction:
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Base of induction LTLMC3.2-60

Claim: If By A B, A B, A isa path in G s.t.

VFeF 3j>0.BjeF
then for all formulas ¢ € cl(y):
bEBy iff AgAiAs... U

Base of induction:

Suppose 9 = true € cl(p).
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Base of induction LTLMC3.2-60

Claim: If By A B, A B, A isa path in G s.t.

VFeF 3j>0.BjeF
then for all formulas ¢ € cl(y):
bEBy iff AgAiAs... U

Base of induction:
Suppose 1 = true € cl(y). Then true € By

note: true is contained in all elementary formula-sets
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Base of induction LTLMC3.2-60

Claim: If By A B, A B, A isa path in G s.t.

VFeF 3j>0.BjeF
then for all formulas ¢ € cl(y):
bEBy iff AgAiAs... U

Base of induction:

Suppose 1 = true € cl(y). Then true € By and
AjAlA... |= true

note: true is contained in all elementary formula-sets
true holds for all paths/traces
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Base of induction LTLMC3.2-60

Claim: If By A B, A B, A isa path in G s.t.

VFeF 3j>0.BjeF
then for all formulas ¢ € cl(y):
bEBy iff AgAiAs... U

Base of induction:

Suppose 1 = true € cl(y). Then true € By and
AjAlA... |= true

Let » = a € AP.
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Base of induction LTLMC3.2-60

Claim: If By A B, A B, A isa path in G s.t.

VFeF 3j>0.BjeF
then for all formulas ¢ € cl(y):
bEBy iff AgAiAs... U

Base of induction:

Suppose 1 = true € cl(y). Then true € By and
AjAlA... |= true

Let 1) = a € AP. Then:
a€ By
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Base of induction LTLMC3.2-60

Claim: If By A B, A B, A isa path in G s.t.

VFeF 3j>0.BjeF
then for all formulas ¢ € cl(y):
bEBy iff AgAiAs... U

Base of induction:

Suppose 1 = true € cl(y). Then true € By and
AjAlA... |= true

Let 1) = a € AP. Then:
a€EB) <= acA
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Base of induction

LTLMC3.2-60

Claim: If

Boi()’Bl

A A . .
= B, 3 ... is apathin G s.t.

Y e By

VFeF 3j>0.BjeF
then for all formulas ¢ € cl(y):
iff Ao ALAg ... =

Base of induction:
Suppose 1 = true € cl(y). Then true € By and

AjAlA... |= true

Let 1) = a € AP. Then:
a€EB) <= acA
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Base of induction

LTLMC3.2-60

Claim: If

Boi()’Bl

A A . .
= B, 3 ... is apathin G s.t.

Y e By

VFeF3j>0.Bi€F | Ay=BynNAP
then for all formulas ¥ € cl(y):
iff Ao ALAg ... =

Base of induction:
Suppose 1 = true € cl(y). Then true € By and

AjAlA... |= true

Let 1) = a € AP. Then:
a€EB) <= acA
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Base of induction LTLMC3.2-60

Claim: If | By A B, A B, A isa path in G s.t.

VFeF3j>0.Bi€F | Ay=BynNAP
then for all formulas ¥ € cl(y):
bEBy iff AgAiAs... EU

Base of induction:

Suppose 1 = true € cl(y). Then true € By and
AjAlA... |= true

Let 1) = a € AP. Then:
Aa€EB) < a€A <= AAA .. .Fa

251 /527



Induction step: negation LTLMCB.2-61
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Induction step: negation LTLMCB.2-61

Claim: If By A B, ABA . isa path in G s.t.

VFeF 3j>0.BeF
then for all formulas ¢ € cl(y):
YveBy iff AjALAr... |:'¢

Induction step: for 1) = —)/":
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Induction step: negation LTLMCB.2-61

Claim: If By A B, ABA . isa path in G s.t.

VFeF 3j>0.BeF
then for all formulas ¢ € cl(y):
YveBy iff AjALAr... |:'¢

Induction step: for 1) = —)/":
Y € By
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Induction step: negation LTLMCB.2-61

Claim: If By A B, ABA . isa path in G s.t.

VFeF 3j>0.BeF
then for all formulas ¢ € cl(y):
YveBy iff AjALAr... |:'¢

Induction step: for 1) = —)/":
Y € By
iff ' & By (maximal consistency)
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Induction step: negation LTLMCB.2-61

Claim: If By A B, ABA . isa path in G s.t.

VFeF 3j>0.BeF
then for all formulas ¢ € cl(y):
YveBy iff AjALAr... |:'¢

Induction step: for 1) = —)/":
Y € By
iff ' & By (maximal consistency)
iff AgAyAy...HE1" (induction hypothesis)
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Induction step: negation LTLMCB.2-61

Claim: If By A B, ABA . isa path in G s.t.

VFeF 3j>0.BeF
then for all formulas ¢ € cl(y):
YveBy iff AjALAr... |:'¢

Induction step: for 1) = —)/":
Y € By
iff ' & By (maximal consistency)
iff AgAyAy...HE1" (induction hypothesis)
iff AgA1Az... =1 (semantics of )
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Elementary formula-sets
B C cl(yp) is elementary iff:

(i) B is maximal consistent w.r.t. prop. logic,
i.e., if ¥, ¥ A € cl(p) then:

ve€B iff wpeB
AU €B iff Yy €Bandin €B
true € cl(p) implies true € B

(ii) B is locally consistent with respect to until U,

i.e., if 1 Uty € cl(yp) then:

if 1 U, € B and ¥ € B then ¢, € B
if 9o € B then ¥, U1, € B
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Elementary formula-sets
B C cl(yp) is elementary iff:

(i) B is maximal consistent w.r.t. prop. logic,
i.e., if ¥, ¥ A € cl(p) then:

ve€B iff wpeB
AN, €B iff Yy € Band iy €B
true € cl(p) implies true € B

(ii) B is locally consistent with respect to until U,

i.e., if 1 Uty € cl(yp) then:

if 1 U, € B and ¥ € B then ¢, € B
if 9o € B then ¥, U1, € B
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Induction step: conjunction LTLMCB.2-61A

Claim: If By A B, ABA . isa path in G s.t.

VFeF 3j>0.BeF
then for all formulas ¢ € cl(y):
YveBy iff AjALAr... |:'¢

Induction step: for ¥ = 11 A
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Induction step: conjunction LTLMCB.2-61A

Claim: If By A B, ABA . isa path in G s.t.

VFeF 3j>0.BeF
then for all formulas ¢ € cl(y):
YveBy iff AjALAr... |:'¢

Induction step: for ¥ = 11 A
Y € By
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Induction step: conjunction LTLMCB.2-61A

Claim: If By A B, ABA . isa path in G s.t.

VFeF 3j>0.BeF
then for all formulas ¢ € cl(y):
YveBy iff AjALAr... |:'¢

Induction step: for ) = 11 Ao
Y € By
iff 1,1 € By (maximal consistency)
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Induction step: conjunction LTLMCB.2-61A

Claim: If By A B, ABA . isa path in G s.t.

VFeF 3j>0.BeF
then for all formulas ¢ € cl(y):
YveBy iff AjALAr... |:'¢

Induction step: for ) = 11 Ao
Y € By
iff 1,1 € By (maximal consistency)
iff AgA1Ar...Ev1 and AgALAr ... E s (IH)
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Induction step: conjunction LTLMCB.2-61A

Claim: If By A B, A B, A isa path in G s.t.

VFeF 3j>0.BeF
then for all formulas ¢ € cl(y):
YveBy iff AjALAr... |:'¢

Induction step: for ) = 11 Ao
Y € By
iff 1,1 € By (maximal consistency)
iff AgA1Ar...Ev1 and AgALAr ... E s (IH)
iff AgALAr...EY (semantics of A)
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Induction step: next step

Claim: If By A B, ABA isa path in G s.t.

VF e F Eljzo.BjeF
then for all formulas ¥ € cl(y):
bEBy iff AgAiAs... U

Induction step: for 1 = Q"
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