LTL model checking

LTLMC3.2-38

given: finite TS 7, LTL-formula ¢
question: does T = ¢ hold ?

construct an NBA A for = and the product 7 ® A

check whether 7 ® A |= OO~F «—| persistence
IF7T ® A OO-F Chezkgi -
THEN return “yes” neste

ELSE compute a counterexample

<$07 p0> o0 (Sn, Pn) te (Sm Pn)
for T ® A and QO0-F

return “no” and sy...S,...S,
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LTL model checking LTLMCS 22

LTL formula ¢

finite transition

system 7
\ / NBA A for ¢

LTL model checking

persistence checking

TRAEOO-F?

S N

yes no + counterexample
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LTL model checking LTLMCS 22

LTL formula ¢

finite transition

system 7
\ NBA A for =g
/[

LTL model checking

persistence checking

TRAEOO-F?

S N

yes no + counterexample
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From LTL to NBA LTLMC3.2-46
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From LTL to NBA LTLMC3.2-46

For each LTL formula ¢ there is an NBA A s.t.
L,(A) = Words(y)
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From LTL to NBA

LTLMC3.2-46

For each LTL formula ¢ there is an NBA A s.t.
L,(A) = Words(y)

LTL formula ¢

NBA A s.t.
L,(A) = Words(y)

nondeterministic
Buchi automaton
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From LTL to NBA LTLMC3.2-46

For each LTL formula ¢ there is an NBA A s.t.
L,(A) = Words(y)

LTL formula ¢

GNBA G s.t. generalized NBA
L.,(G) = Words(p) several acceptance sets

nondeterministic

L |\(|35A_A£s.’z.g) Buchi automaton

wwewoo 1 acceptance set
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From LTL to NBA

LTLMC3.2-46

For each LTL formula ¢ there is an NBA A s.t.
L,(A) = Words(y)

LTL formula ¢

GNBA G s.t.
L.,(G) = Words(y)

NBA A s.t.

generalized NBA
k acceptance sets

k copies of G

nondeterministic
Buchi automaton
1 acceptance set
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Encoding of LTL semantics in a GNBA LTLMC3.2-39



Encoding of LTL semantics in a GNBA LTLMC3.2-39

idea: encode the semantics of the operators appearing
in ¢ by appropriate components of the GNBA G
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idea: encode the semantics of the operators appearing
in ¢ by appropriate components of the GNBA G

semantics of ... encoding

propositional logic
true, =, A

next O

until U




Encoding of LTL semantics in a GNBA LTLMC3.2-39

idea: encode the semantics of the operators appearing
in ¢ by appropriate components of the GNBA G

semantics of ...

encoding

propositional logic
true, =, A

in the states

next O

until U
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Encoding of LTL semantics in a GNBA LTLMC3.2-39

idea: encode the semantics of the operators appearing
in ¢ by appropriate components of the GNBA G

semantics of ...

encoding

propositional logic
true, =, A

in the states

next O

in the transition relation

until U
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Encoding of LTL semantics in a GNBA LTLMC3.2-39

idea: encode the semantics of the operators appearing
in ¢ by appropriate components of the GNBA G

semantics of ...

encoding

propositional logic

in the states

true, 0, A
next O in the transition relation
until U via expansion law
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Encoding of LTL semantics in a GNBA LTLMC3.2-39

idea: encode the semantics of the operators appearing
in ¢ by appropriate components of the GNBA G

semantics of ...

encoding

propositional logic

in the states

true, 0, A
next O in the transition relation
until U via expansion law

viUvs = V(1 AO(Y1U1))
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Encoding of LTL semantics in a GNBA LTLMC3.2-39

idea: encode the semantics of the operators appearing
in ¢ by appropriate components of the GNBA G

semantics of ...

encoding

propositional logic

in the states

true, 0, A
next O in the transition relation
until U via expansion law

viUvs = V(1 AO(¥1U))
NS

encoded in
the states
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Encoding of LTL semantics in a GNBA LTLMC3.2-39

idea: encode the semantics of the operators appearing
in ¢ by appropriate components of the GNBA G

semantics of ...

encoding

propositional logic

in the states

true, 0, A
next O in the transition relation
until U via expansion law

viUvs = V(U1 AO(Y1U))
NS T

encoded in
the states

encoded in the
transition relation
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Encoding of LTL semantics in a GNBA LTLMC3.2-39

idea: encode the semantics of the operators appearing
in ¢ by appropriate components of the GNBA G

semantics of ...

encoding

propositional logic

in the states

true, 0, A
next O in the transition relation
until U expansion law, least fixed point

vl = V(U1 AO(Y1U)) T
NS T

encoded in
the states

encoded in the acceptance
transition relation condition
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LTL ~ GNBA LTLMC3.2-46A
LTL formula ¢ ~ GNBA G for Words(y)
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LTL ~ GNBA LTLMC3.2-46A
LTL formula ¢ ~ GNBA G for Words(y)

states of G = (certain) sets of subformulas of ¢
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LTL ~ GNBA LTLMC3.2-46A
LTL formula ¢ ~ GNBA G for Words(y)

states of G = (certain) sets of subformulas of ¢
s.t. each word 0 = Ag A As... € Words(p) can be
extended to an accepting run By B1B>...in G
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LTL ~ GNBA LTLMC3.2-46A
LTL formula ¢ ~ GNBA G for Words(y)

states of G = (certain) sets of subformulas of ¢
s.t. each word 0 = Ag A As... € Words(p) can be
extended to an accepting run By B1B>...in G

A A A A3 ... € WOde(QO)
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LTL ~ GNBA LTLMC3.2-46A
LTL formula ¢ ~ GNBA G for Words(y)

states of G = (certain) sets of subformulas of ¢
s.t. each word 0 = Ag A As... € Words(p) can be
extended to an accepting run By B1B>...in G

A A A A3 ... € WOde(QO)

L
By By By, B;s ... accepting run

where B; = {'¢ € d(p) : AiAit1Aiz2... = %b}
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LTL ~ GNBA LTLMC3.2-46A
LTL formula ¢ ~ GNBA G for Words(y)

states of G = (certain) sets of subformulas of ¢
s.t. each word 0 = Ag A As... € Words(p) can be
extended to an accepting run By B1B>...in G

A A A A3 ... € WOde(QO)
11 1
By By By, B;s ... accepting run
where B; = {'1/9 € CI(QO) : AjAi1Aiso... |= ’l,b}
T

set of subformulas of ¢ and their negations
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LTL ~ GNBA LTLMC3.2-47
LTL formula ¢ ~ GNBA G for Words(y)

states of G = (certain) sets of subformulas of ¢
s.t. each word 0 = Ag A As... € Words(p) can be
extended to an accepting run By B1B>...in G

Example: ¢ = aU(—aA b)
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LTL ~ GNBA LTLMC3.2-47
LTL formula ¢ ~ GNBA G for Words(y)

states of G = (certain) sets of subformulas of ¢
s.t. each word 0 = Ag A As... € Words(p) can be
extended to an accepting run By B1B>...in G

Example: ¢ = aU(—aA b)

{ay {a} {ab} {B} @& @ .. k¢
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LTL ~ GNBA LTLMC3.2-47
LTL formula ¢ ~ GNBA G for Words(y)

states of G = (certain) sets of subformulas of ¢
s.t. each word 0 = Ag A As... € Words(p) can be
extended to an accepting run By B1B>...in G

Example: ¢ = aU(—aA b)

{a} {a} {ab} {b} & 2 ..Fy
! ! ! ! ! !
Bb B B B B B
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LTL ~ GNBA LTLMC3.2-47
LTL formula ¢ ~ GNBA G for Words(y)

states of G = (certain) sets of subformulas of ¢
s.t. each word 0 = Ag A As... € Words(p) can be
extended to an accepting run By B1B>...in G

Example: ¢ = aU(—a A b) Yp=-aAb

{a} {a} {ab} {b} & 2 ..Fy
! ! ! ! ! !
Bb B B B B B

where the B;'s are subsets of
{a) —a, ba _'b’ "p, _'¢7 P, _'(P}
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LTL ~ GNBA LTLMC3.2-47
LTL formula ¢ ~ GNBA G for Words(y)

states of G = (certain) sets of subformulas of ¢
s.t. each word 0 = Ag A As... € Words(p) can be
extended to an accepting run By B1B>...in G

Example: ¢ = aU(—a A b) Yp=-aAb

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

l

a
—b just for better readability:
_':ﬁ tuple rather than set notation
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LTL ~ GNBA LTLMC3.2-47
LTL formula ¢ ~ GNBA G for Words(y)

states of G = (certain) sets of subformulas of ¢
s.t. each word 0 = Ag A As... € Words(p) can be
extended to an accepting run By B1B>...in G

Example: ¢ = aU(—a A b) Yp=-aAb

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

1 !
a a
-b| | b
| [
p p
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LTL ~ GNBA LTLMC3.2-47
LTL formula ¢ ~ GNBA G for Words(y)

states of G = (certain) sets of subformulas of ¢
s.t. each word 0 = Ag A As... € Words(p) can be
extended to an accepting run By B1B>...in G

Example: ¢ = aU(—a A b) Yp=-aAb

{a} {a} {ap} {)} @ @ ... k¢

l ! l
a a a
-b| | b b
Y| || | Y
p p P
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LTL ~ GNBA LTLMC3.2-47
LTL formula ¢ ~ GNBA G for Words(y)

states of G = (certain) sets of subformulas of ¢
s.t. each word 0 = Ag A As... € Words(p) can be
extended to an accepting run By B1B>...in G

Example: ¢ = aU(—a A b) Yp=-aAb

{a} {a} {ap} {)} @ @ ... k¢

l ! l l
a a al| [-a
-b| | b b b
w2 I e I R O I
p p P P
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LTL ~ GNBA LTLMC3.2-47
LTL formula ¢ ~ GNBA G for Words(y)

states of G = (certain) sets of subformulas of ¢
s.t. each word 0 = Ag A As... € Words(p) can be
extended to an accepting run By B1B>...in G

Example: ¢ = aU(—a A b) Yp=-aAb

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

1 ! 1 1
a a a —a —a
-b| | b b b| | -b
ol T B O 2 N B R B
p p P Pl P
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LTL ~ GNBA LTLMC3.2-47
LTL formula ¢ ~ GNBA G for Words(y)

states of G = (certain) sets of subformulas of ¢
s.t. each word 0 = Ag A As... € Words(p) can be
extended to an accepting run By B1B>...in G

Example: ¢ = aU(—a A b) Yp=-aAb

{a} {a} {ab} {8} & & ... ko
1 ! S S

a a a —a —a —a
-b| | b b b| | -b| | —-b
0 I I 728 I O B e 0 I B

p p P Pl 1P| [P
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Closure of LTL formulas LTLMC3.2-48
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Closure of LTL formulas LTLMC3.2-48

Let ¢ be an LTL formula. Then:

subf () %t set of all subformulas of ¢

122 /527



Closure of LTL formulas

LTLMC3.2-48

Let ¢ be an LTL formula. Then:

subf () %t set of all subformulas of ¢

cd(p) = subf(p)U {1y € subf(y)}
where ¥ and =—) are identified
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Closure of LTL formulas LTLMC3.2-48

Let ¢ be an LTL formula. Then:
subf () %t set of all subformulas of ¢
cd(p) = subf(p)U {1y € subf(y)}

where ¥ and =—) are identified

Example: if ¢ = aU(—a A b) then

CI(SO) = {31 b) naA b7 QO} U {_'a, _'b, _'(_'a A b)7 _'90}
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Closure of LTL formulas LTLMC3.2-48

Let ¢ be an LTL formula. Then:
subf () %t set of all subformulas of ¢
cd(p) = subf(p)U {1y € subf(y)}

where ¥ and =—) are identified

Example: if ¢ = aU(—a A b) then

CI(SO) = {31 b) naA b7 QO} U {_'a, _'b, _'(_'a A b)7 _'90}

Example: if ¢' =0a
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Closure of LTL formulas LTLMC3.2-48

Let ¢ be an LTL formula. Then:
subf () %t set of all subformulas of ¢
cd(p) = subf(p)U {1y € subf(y)}

where ¥ and =—) are identified

Example: if ¢ = aU(—a A b) then

CI(SO) = {31 b) naA b7 QO} U {_'a, _'b, _'(_'a A b)7 _'90}

Example: if ¢’ = 0a = ~Q—a = —(true U —a)
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Closure of LTL formulas LTLMC3.2-48

Let ¢ be an LTL formula. Then:
subf () %t set of all subformulas of ¢
cd(p) = subf(p)U {1y € subf(y)}

where ¥ and =—) are identified

Example: if ¢ = aU(—a A b) then
CI(SO) = {31 b,—a A b, QO} U {_'a, —b, _'(_'a A b)7 _'90}
Example: if ¢’ = 0a = ~Q—a = —(true U —a) then

cl(¢') = {a, —a, true, ~true, Oa, ~a}




Elementary formula-sets LTLACB.2-50
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Elementary formula-sets LTLACB.2-50

Let B C cl(yp). B is called elementary if:
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Elementary formula-sets LTLACB.2-50

Let B C cl(yp). B is called elementary if:

(1) B is consistent w.r.t. propositional logic

(2) B is maximal consistent

(3) B is locally consistent with respect to until U:
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Elementary formula-sets LTLACB.2-50

Let B C cl(yp). B is called elementary if:

(1) B is consistent w.r.t. propositional logic

if € B then mp ¢ B

(2) B is maximal consistent

(3) B is locally consistent with respect to until U:
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Elementary formula-sets LTLACB.2-50

Let B C cl(yp). B is called elementary if:

(1) B is consistent w.r.t. propositional logic
if € B then mp ¢ B
if 1 Ao € B then —); ¢ B and 0o ¢ B

(2) B is maximal consistent

(3) B is locally consistent with respect to until U:
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Elementary formula-sets LTLACB.2-50

Let B C cl(yp). B is called elementary if:

(1) B is consistent w.r.t. propositional logic
if € B then mp ¢ B

if 1 Ao € B then —); ¢ B and 0o ¢ B
if , € B and 15 € B then ~(¥1 A ) ¢ B

(2) B is maximal consistent

(3) B is locally consistent with respect to until U:
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Elementary formula-sets LTLACB.2-50

Let B C cl(yp). B is called elementary if:

(1) B is consistent w.r.t. propositional logic
if € B then mp ¢ B

if 1 Ao € B then —); ¢ B and 0o ¢ B
if , € B and 15 € B then ~(¥1 A ) ¢ B
if false € cl(y) then false ¢ B

(2) B is maximal consistent

(3) B is locally consistent with respect to until U:
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Elementary formula-sets LTLACB.2-50

Let B C cl(yp). B is called elementary if:

(1) B is consistent w.r.t. propositional logic
if € B then mp ¢ B

if 1 Ao € B then —); ¢ B and 0o ¢ B
if , € B and 15 € B then ~(¥1 A ) ¢ B
if false € cl(y) then false ¢ B

(2) B is maximal consistent
if 1 € cl(p) \ B then =) € B
(3) B is locally consistent with respect to until U:

135 /527



Elementary formula-sets LTLACB.2-50

Let B C cl(yp). B is called elementary if:

(1) B is consistent w.r.t. propositional logic
if € B then mp ¢ B

if 1 Ao € B then —); ¢ B and 0o ¢ B
if , € B and 15 € B then ~(¥1 A ) ¢ B
if false € cl(y) then false ¢ B

(2) B is maximal consistent
if 1 € cl(p) \ B then =) € B
(3) B is locally consistent with respect to until U:

if vy U1y € B and —)» € B then -1 € B
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Elementary formula-sets LTLACB.2-50

Let B C cl(yp). B is called elementary if:

(1) B is consistent w.r.t. propositional logic
if € B then mp ¢ B

if 1 Ao € B then —); ¢ B and 0o ¢ B
if , € B and 15 € B then ~(¥1 A ) ¢ B
if false € cl(y) then false ¢ B

(2) B is maximal consistent
if 1 € cl(p) \ B then =) € B
(3) B is locally consistent with respect to until U:
if vy U1y € B and —)» € B then -1 € B
if 2 € B and 9, U, € cl(yp) then =(y1 Uhy) € B
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Elementary formula-sets LTLMCB 2504

B C cl(yp) is elementary iff:
(i) B is maximal consistent w.r.t. prop. logic,
i.e., if ¥, Y1 A € cl(p) then:

v¢EB iff - € B
AN, €EB iff Y € Band Y € 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 U1y € B and ¥ & B then ¢, € B
if Yo € B then ¢, Uy € B

138 /527



Elementary or not? LTLMCB.2-49
Let ¢ = aU(—a A b).

B, ={a,b,ma A b, p}
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Elementary or not? LTLMCB.2-49
Let ¢ = aU(—a A b).

B, ={a,b,ma A b, p} not elementary
propositional inconsistent
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Elementary or not? LTLMCB.2-49
Let ¢ = aU(—a A b).

B, ={a,b,ma A b, p} not elementary
propositional inconsistent

B2 = {_'a7 b7 30}
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Elementary or not? LTLMCB.2-49
Let ¢ = aU(—a A b).

B, ={a,b,ma A b, p} not elementary
propositional inconsistent

B, = {—a, b, v} not elementary, not maximal
as ~aAb &€B,
~(maAb) ¢ B
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Elementary or not?
Let ¢ = aU(—a A b).

B, ={a,b,ma A b, p}

B2 = {_'a7 b7 30}

B;s = {—a, b,ma A b, ~p}

LTLMC3.2-49

not elementary
propositional inconsistent

not elementary, not maximal
as ~aAb &€B,
~(~aAb) & B,
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Elementary or not? LTLMCB.2-49
Let ¢ = aU(—a A b).

B, ={a,b,ma A b, p} not elementary
propositional inconsistent

B, = {—a, b, v} not elementary, not maximal
as ~aAb &€B,
~(maAb) ¢ B

B3 = {—a, b,ma A b,~¢} not elementary
not locally consistent for U
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Elementary or not? LTLMCB.2-49
Let ¢ = aU(—a A b).

B, ={a,b,ma A b, p} not elementary
propositional inconsistent

B, = {—a, b, v} not elementary, not maximal
as ~aAb &€B,
~(maAb) ¢ B

B3 = {—a, b,ma A b,~¢} not elementary
not locally consistent for U

By = {—a, ~b,~(—a A b), ~p}
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Elementary or not? LTLMCB.2-49
Let ¢ = aU(—a A b).

B, ={a,b,ma A b, p} not elementary
propositional inconsistent

B, = {—a, b, v} not elementary, not maximal
as ~aAb &€B,
~(maAb) ¢ B

B3 = {—a, b,ma A b,~¢} not elementary
not locally consistent for U

By = {—a, b, ~(—a A b),~p} elementary
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Example: elementary formula-sets

LTLMC3.2-51

closure cl(p):
e set of all subformulas of ¢ and their negations
e 1 and ~—% are identified

elementary formula-sets: subsets B of cl(¢y)
e maximal consistent w.r.t. propositional logic
e locally consistent w.r.t. U

For ¢ = aU(—a A b), the elementary sets are:

{ a, b,—~(—aAb),y} { a, b,—(—aAb),~yp}
{ a,—b,—~(—aAb),p} { a,—b,—(—aA b),~p}
{-a, b, —aAb, ¢} {—a, -b,~(—a A b), ~p}
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Encoding of LTL semantics in a GNBA ..o

idea: encode the semantics of the operators appearing
in ¢ by appropriate components of the GNBA G:

semantics of ...

encoding

propositional logic

in the states

true, 0, A
next O in the transition relation
until U expansion law, least fixed point

iU = ¥V (4 A1 Us)) 1
N1

encoded in
the states

encoded in the acceptance
transition relation condition

1487752




Encoding of LTL semantics in a GNBA ..o

idea: encode the semantics of the operators appearing
in ¢ by appropriate components of the GNBA G:

semantics of ... encoding
propositional logic 0 the states elementary
true, 0, A\ formula sets
next O in the transition relation
until U expansion law, least fixed point
iUy = V(% AO(Y1UY2)) T
A4 1
elementary encoded in the acceptance

formula sets transition relation condition
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GNBA for LTL-formula ¢
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GNBA for LTL-formula ¢
g == (Q, 2AP751 QO)‘F)
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GNBA for LTL-formula ¢

g == (Q, 2AP751 QO)‘F)
state space: Q@ = {B C cl(y) : B is elementary }
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GNBA for LTL-formula ¢

g == (Q, 2AP751 QO)‘F)
state space: Q@ = {B C cl(y) : B is elementary }
initial states: @y = {B EQ:pe€ B}
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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: @y = {B EQ:pe€ B}
transition relation: for B € Q and A € 24P:
if A# BN AP then §(B,A) =2
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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: @y = {B EQ:pe€ 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 e B iff (o€ B)V (1 € BAY1 Uty € B)
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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: @y = {B EQ:pe€ 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 e B iff (o€ B)V (1 € BAY1 Uty € B)

acceptance set F = {Fy,uy, : 1 Ut € cl(¢)}
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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: @y = {B EQ:pe€ 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 e B iff (o€ B)V (1 € BAY1 Uty € B)

acceptance set F = {Fy,uy, : 1 Ut € cl(¢)}
where Fy,yy, = {B € Q: 91Uy ¢ BV € B}
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Example: GNBA for ¢ = QOa LA 2.52
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Example: GNBA for ¢ = QOa LA 2.52
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Example: GNBA for ¢ = QOa LA 2.52

initial states: formula-sets B with (Qa € B
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Example: GNBA for ¢ = QOa LA 2.52

~2,0a

initial states: formula-sets B with (Qa € B

transition relation:

if Oa € B then §(B,BN{a}) = {B': a € B}
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Example: GNBA for ¢ = QOa LA 2.52

~()? ,
(2,04 )

initial states: formula-sets B with (Qa € B

transition relation:

if Oa € B then 8(B,BN{a}) = {B': a € B}
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Example: GNBA for ¢ = QOa LA 2.52

initial states: formula-sets B with (Qa € B

transition relation:

if Oa € B then 8(B,BN{a}) = {B': a € B}
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Example: GNBA for ¢ = QOa LA 2.52

initial states: formula-sets B with (Qa € B
transition relation:
if Oa € B then §(B,BN{a})={B':a€ B’}
if OQa ¢ B then §(B,BN{a})={B':a¢ B'}
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Example: GNBA for ¢ = QOa LA 2.52

__________________ oo

initial states: formula-sets B with (Qa € B
transition relation:
if OQa € B then §(B,BN{a})={B':a€ B’}
if OQa ¢ B then §(B,BN{a})={B':a¢ B'}

165 /527



Example: GNBA for ¢ = QOa LA 2.52

initial states: formula-sets B with (Qa € B
transition relation:
if OQa € B then §(B,BN{a})={B':a€ B’}
if OQa ¢ B then §(B,BN{a})={B':a¢ B'}
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Example: GNBA for ¢ = Oa LA 253

set of acceptance sets:
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Example: GNBA for ¢ = Oa LA 253

set of acceptance sets: F = Q&

hence: all words having an infinite run are accepted
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Example: GNBA for ¢ = Oa LA 253

set of acceptance sets: F = Q&

o {a} {3} @9 o ... E Qa
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Example: GNBA for ¢ = Oa LA 253

set of acceptance sets: F = Q&

l@ {a} {a} © @ ... E Qa

-a
QOa
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Example: GNBA for ¢ = Oa

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 ¢ = Oa

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

[
—a a a
Oa||Oal||~Oa
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Example: GNBA for ¢ = Oa LA 253

set of acceptance sets: F = Q&

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

a a

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

set of acceptance sets: F = Q&

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

a a accepting

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

L g

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

.l

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

proof:
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Soundness of the GNBA for ¢ = Oa LTEACS. 2-53A

.l

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

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

= (ae€ B
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Soundness of the GNBA for ¢ = Oa LTEACS. 2-53A

nr
for all words 0 = Ag A1 A As ... € L,(G): Al ={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 LTEACS. 2-53A

nr
for all words 0 = Ag A1 A As ... € L,(G): Al ={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

LD
for all words 0 = Ag A1 A As ... € L,(G): Al ={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
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Example: GNBA for ¢ =aUb UriMe3.2-5
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Example: GNBA for ¢ =aUb UriMe3.2-5

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 UriMe3.2-5

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 UriMe3.2-5

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

initial states: B withp=aUbe B
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Example: GNBA for ¢ =aUb UriMe3.2-5

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

initial states: B withp=aUbeB

acceptance condition: just one set of accept states

F=setofall Bwithp&BorbeB
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Example: GNBA for o = aUb «—|NBA| e

—— a,b,aUb

—— a,nb,aUb

—— -a,b,aUb

initial states:

acceptance condition:

—a, b, (aU b)

a, b, ~(aU b)

B withp=aUbeB

just one set of accept states

F=setofall Bwithp&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,aUb

initial states: B withp=aUbeB

acceptance condition: just one set of accept states

F=setofall Bwithp&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,aUb

transition relation: B’ € §(B, B N AP) iff
aUbeB < (beB V (a€eB A aUbeB'))
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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)

-aAb

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

a/\bO 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 aUbeB'))
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Example: (G)NBA for ¢ =aUb LT1MO3.2-54

—— a,b,aUb —a, b, (aU 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 aUbeB'))
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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 aUbeB'))
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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)

Ua/\—-b

—— —a,b,aUb

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

a/\bO

aban R




Example: (G)NBA for ¢ =aUb

an bO P x._—-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
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Example: (G)NBA for ¢ =aUb

a/\bO

aban R

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

a/\bO

aban B

! l
a a a
—b| |=b| | b
el | e e
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Example: (G)NBA for ¢ =aUb

a/\bO

aban . |a, —-b —-(an)

{a} {a} {a,b} @ @ @ ... E aUb
L . |

a —a
—b| |=b| |b| | -b
e |

200 /527




Example: (G)NBA for ¢ =aUb

a/\bo

aban R

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

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

A
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Example: (G)NBA for ¢ =aUb

a/\bo

aban R

{a} {a} {a,b} © @ @ = aUb
l L A A S

a al |a| |ma| mal| —a

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

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

a/\bo

aban R

_]a, —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 ¥ s




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

an bO P x._—-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

_Ia,

~b,~(aUB)

2, b, ~(aUDb)

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

O6d . e

[ 2,b,30b — - - --J52,2b,=(aUB)

do /
—{(a,7b,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{" S ;e

—1{ a,b,aUb ces - «42a, mb, =(aU b)

do / .

—(Gabalb)
{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 e B iff (o€ B)V (1 € BAY1 Uty € B)

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