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}
AP =

{
wait1, crit1,wait2, crit2

}
AP =

{
wait1, crit1,wait2, crit2

}

• the mutual exclusion property

ϕmutex =ϕmutex =ϕmutex = �(¬crit1 ∨ ¬crit2)�(¬crit1 ∨ ¬crit2)�(¬crit1 ∨ ¬crit2)
• “every process enters the critical section infinitely

often”

ϕlive =ϕlive =ϕlive = �♦crit1 ∧ �♦crit2�♦crit1 ∧ �♦crit2�♦crit1 ∧ �♦crit2
• starvation freedom

“every waiting process finally enters its critical section”

ϕsf =ϕsf =ϕsf = �(wait1 → ♦crit1) ∧ �(wait2 → ♦crit2)�(wait1 → ♦crit1) ∧ �(wait2→ ♦crit2)�(wait1→ ♦crit1) ∧ �(wait2 → ♦crit2)
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Provide an LTL formula over AP = {a, b}AP = {a, b}AP = {a, b} for ... ltlsf3.1-17
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Provide an LTL formula over AP = {a, b}AP = {a, b}AP = {a, b} for ... ltlsf3.1-17

• set of all words A0 A1 A2 . . . ∈
(
2AP

)ω
A0 A1 A2 . . . ∈

(
2AP

)ω
A0 A1 A2 . . . ∈

(
2AP

)ω
such that:

∀i > 0. ( a ∈ Ai =⇒ i > 1 ∧ b ∈ Ai−1 )∀i > 0. ( a ∈ Ai =⇒ i > 1 ∧ b ∈ Ai−1 )∀i > 0. ( a ∈ Ai =⇒ i > 1 ∧ b ∈ Ai−1 )
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Provide an LTL formula over AP = {a, b}AP = {a, b}AP = {a, b} for ... ltlsf3.1-17

• set of all words A0 A1 A2 . . . ∈
(
2AP

)ω
A0 A1 A2 . . . ∈

(
2AP

)ω
A0 A1 A2 . . . ∈

(
2AP

)ω
such that:

∀i > 0. ( a ∈ Ai =⇒ i > 1 ∧ b ∈ Ai−1 )∀i > 0. ( a ∈ Ai =⇒ i > 1 ∧ b ∈ Ai−1 )∀i > 0. ( a ∈ Ai =⇒ i > 1 ∧ b ∈ Ai−1 )

∀j > 0. ( b ∈ Aj ∨ a 6∈ Aj+1)∀j > 0. ( b ∈ Aj ∨ a 6∈ Aj+1)∀j > 0. ( b ∈ Aj ∨ a 6∈ Aj+1)
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Provide an LTL formula over AP = {a, b}AP = {a, b}AP = {a, b} for ... ltlsf3.1-17

• set of all words A0 A1 A2 . . . ∈
(
2AP

)ω
A0 A1 A2 . . . ∈

(
2AP

)ω
A0 A1 A2 . . . ∈

(
2AP

)ω
such that:

∀i > 0. ( a ∈ Ai =⇒ i > 1 ∧ b ∈ Ai−1 )∀i > 0. ( a ∈ Ai =⇒ i > 1 ∧ b ∈ Ai−1 )∀i > 0. ( a ∈ Ai =⇒ i > 1 ∧ b ∈ Ai−1 )

∀j > 0. ( b ∈ Aj ∨ a 6∈ Aj+1)∀j > 0. ( b ∈ Aj ∨ a 6∈ Aj+1)∀j > 0. ( b ∈ Aj ∨ a 6∈ Aj+1)

=̂ Words
(
�(b ∨©¬a)

)
=̂ Words

(
�(b ∨©¬a)

)
=̂ Words

(
�(b ∨©¬a)

)
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Provide an LTL formula over AP = {a, b}AP = {a, b}AP = {a, b} for ... ltlsf3.1-17

• set of all words A0 A1 A2 . . . ∈
(
2AP

)ω
A0 A1 A2 . . . ∈

(
2AP

)ω
A0 A1 A2 . . . ∈

(
2AP

)ω
such that:

∀i > 0. ( a ∈ Ai =⇒ i > 1 ∧ b ∈ Ai−1 )∀i > 0. ( a ∈ Ai =⇒ i > 1 ∧ b ∈ Ai−1 )∀i > 0. ( a ∈ Ai =⇒ i > 1 ∧ b ∈ Ai−1 )

∀j > 0. ( b ∈ Aj ∨ a 6∈ Aj+1)∀j > 0. ( b ∈ Aj ∨ a 6∈ Aj+1)∀j > 0. ( b ∈ Aj ∨ a 6∈ Aj+1)

=̂ Words
(
�(b ∨©¬a)

)
=̂ Words

(
�(b ∨©¬a)

)
=̂ Words

(
�(b ∨©¬a)

)

• set of all words of the form

{b}n1 {a} {b}n2 {a} {b}n3 {a} . . .{b}n1 {a} {b}n2 {a} {b}n3 {a} . . .{b}n1 {a} {b}n2 {a} {b}n3 {a} . . .
where n1, n2, n3, . . . > 0n1, n2, n3, . . . > 0n1, n2, n3, . . . > 0
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Provide an LTL formula over AP = {a, b}AP = {a, b}AP = {a, b} for ... ltlsf3.1-17

• set of all words A0 A1 A2 . . . ∈
(
2AP

)ω
A0 A1 A2 . . . ∈

(
2AP

)ω
A0 A1 A2 . . . ∈

(
2AP

)ω
such that:

∀i > 0. ( a ∈ Ai =⇒ i > 1 ∧ b ∈ Ai−1 )∀i > 0. ( a ∈ Ai =⇒ i > 1 ∧ b ∈ Ai−1 )∀i > 0. ( a ∈ Ai =⇒ i > 1 ∧ b ∈ Ai−1 )

∀j > 0. ( b ∈ Aj ∨ a 6∈ Aj+1)∀j > 0. ( b ∈ Aj ∨ a 6∈ Aj+1)∀j > 0. ( b ∈ Aj ∨ a 6∈ Aj+1)

=̂ Words
(
�(b ∨©¬a)

)
=̂ Words

(
�(b ∨©¬a)

)
=̂ Words

(
�(b ∨©¬a)

)

• set of all words of the form

{b}n1 {a} {b}n2 {a} {b}n3 {a} . . .{b}n1 {a} {b}n2 {a} {b}n3 {a} . . .{b}n1 {a} {b}n2 {a} {b}n3 {a} . . .
where n1, n2, n3, . . . > 0n1, n2, n3, . . . > 0n1, n2, n3, . . . > 0

=̂ Words
(
�((b ∧ ¬a) U (a ∧ ¬b))

)
=̂ Words

(
�((b ∧ ¬a) U (a ∧ ¬b))

)
=̂ Words

(
�((b ∧ ¬a) U (a ∧ ¬b))

)
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Correct or wrong? ltlsf3.1-26

♦(ϕ ∨ ψ) ≡ ♦ϕ ∨ ♦ψ♦(ϕ ∨ ψ) ≡ ♦ϕ ∨ ♦ψ♦(ϕ ∨ ψ) ≡ ♦ϕ ∨ ♦ψ
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Correct or wrong? ltlsf3.1-26

♦(ϕ ∨ ψ) ≡ ♦ϕ ∨ ♦ψ♦(ϕ ∨ ψ) ≡ ♦ϕ ∨ ♦ψ♦(ϕ ∨ ψ) ≡ ♦ϕ ∨ ♦ψ
correct
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Correct or wrong? ltlsf3.1-26

♦(ϕ ∨ ψ) ≡ ♦ϕ ∨ ♦ψ♦(ϕ ∨ ψ) ≡ ♦ϕ ∨ ♦ψ♦(ϕ ∨ ψ) ≡ ♦ϕ ∨ ♦ψ
correct

♦(ϕ ∧ ψ) ≡ ♦ϕ ∧ ♦ψ♦(ϕ ∧ ψ) ≡ ♦ϕ ∧ ♦ψ♦(ϕ ∧ ψ) ≡ ♦ϕ ∧ ♦ψ

2321 / 7159



Correct or wrong? ltlsf3.1-26

♦(ϕ ∨ ψ) ≡ ♦ϕ ∨ ♦ψ♦(ϕ ∨ ψ) ≡ ♦ϕ ∨ ♦ψ♦(ϕ ∨ ψ) ≡ ♦ϕ ∨ ♦ψ
correct

♦(ϕ ∧ ψ) ≡ ♦ϕ ∧ ♦ψ♦(ϕ ∧ ψ) ≡ ♦ϕ ∧ ♦ψ♦(ϕ ∧ ψ) ≡ ♦ϕ ∧ ♦ψ

wrong,
e.g., {b}{b}{b} {a}{a}{a}

|= ♦b ∧ ♦a|= ♦b ∧ ♦a|= ♦b ∧ ♦a
6|= ♦(b ∧ a)6|= ♦(b ∧ a)6|= ♦(b ∧ a)
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Correct or wrong? ltlsf3.1-26

♦(ϕ ∨ ψ) ≡ ♦ϕ ∨ ♦ψ♦(ϕ ∨ ψ) ≡ ♦ϕ ∨ ♦ψ♦(ϕ ∨ ψ) ≡ ♦ϕ ∨ ♦ψ
correct

♦(ϕ ∧ ψ) ≡ ♦ϕ ∧ ♦ψ♦(ϕ ∧ ψ) ≡ ♦ϕ ∧ ♦ψ♦(ϕ ∧ ψ) ≡ ♦ϕ ∧ ♦ψ

wrong,
e.g., {b}{b}{b} {a}{a}{a}

|= ♦b ∧ ♦a|= ♦b ∧ ♦a|= ♦b ∧ ♦a
6|= ♦(b ∧ a)6|= ♦(b ∧ a)6|= ♦(b ∧ a)

similarly: �(ϕ ∧ ψ)�(ϕ ∧ ψ)�(ϕ ∧ ψ) ≡≡≡ �ϕ ∧ �ψ�ϕ ∧ �ψ�ϕ ∧ �ψ
�(ϕ ∨ ψ)�(ϕ ∨ ψ)�(ϕ ∨ ψ) 6≡6≡6≡ �ϕ ∨ �ψ�ϕ ∨ �ψ�ϕ ∨ �ψ
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Correct or wrong? ltlsf3.1-27

♦♦ϕ ≡ ♦ϕ♦♦ϕ ≡ ♦ϕ♦♦ϕ ≡ ♦ϕ
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Correct or wrong? ltlsf3.1-27

♦♦ϕ ≡ ♦ϕ♦♦ϕ ≡ ♦ϕ♦♦ϕ ≡ ♦ϕ
correct

∃k > 0∃k > 0∃k > 0 ∃j > k∃j > k∃j > k s.t. Aj Aj+1 Aj+2 . . . |= ϕAj Aj+1 Aj+2 . . . |= ϕAj Aj+1 Aj+2 . . . |= ϕ

iff ∃j > 0∃j > 0∃j > 0 s.t. Aj Aj+1 Aj+2 . . . |= ϕAj Aj+1 Aj+2 . . . |= ϕAj Aj+1 Aj+2 . . . |= ϕ
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Correct or wrong? ltlsf3.1-27

♦♦ϕ ≡ ♦ϕ♦♦ϕ ≡ ♦ϕ♦♦ϕ ≡ ♦ϕ
correct analogously: ��ϕ ≡ �ϕ��ϕ ≡ �ϕ��ϕ ≡ �ϕ

∃k > 0∃k > 0∃k > 0 ∃j > k∃j > k∃j > k s.t. Aj Aj+1 Aj+2 . . . |= ϕAj Aj+1 Aj+2 . . . |= ϕAj Aj+1 Aj+2 . . . |= ϕ

iff ∃j > 0∃j > 0∃j > 0 s.t. Aj Aj+1 Aj+2 . . . |= ϕAj Aj+1 Aj+2 . . . |= ϕAj Aj+1 Aj+2 . . . |= ϕ

∀k > 0∀k > 0∀k > 0 ∀j > k∀j > k∀j > k s.t. Aj Aj+1 Aj+2 . . . |= ϕAj Aj+1 Aj+2 . . . |= ϕAj Aj+1 Aj+2 . . . |= ϕ

iff ∀j > 0∀j > 0∀j > 0 s.t. Aj Aj+1 Aj+2 . . . |= ϕAj Aj+1 Aj+2 . . . |= ϕAj Aj+1 Aj+2 . . . |= ϕ
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Correct or wrong? ltlsf3.1-27

♦♦ϕ ≡ ♦ϕ♦♦ϕ ≡ ♦ϕ♦♦ϕ ≡ ♦ϕ
correct analogously: ��ϕ ≡ �ϕ��ϕ ≡ �ϕ��ϕ ≡ �ϕ

©�ϕ ≡ �©ϕ©�ϕ ≡ �©ϕ©�ϕ ≡ �©ϕ
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Correct or wrong? ltlsf3.1-27

♦♦ϕ ≡ ♦ϕ♦♦ϕ ≡ ♦ϕ♦♦ϕ ≡ ♦ϕ
correct analogously: ��ϕ ≡ �ϕ��ϕ ≡ �ϕ��ϕ ≡ �ϕ

©�ϕ ≡ �©ϕ©�ϕ ≡ �©ϕ©�ϕ ≡ �©ϕ
correct
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Correct or wrong? ltlsf3.1-27

♦♦ϕ ≡ ♦ϕ♦♦ϕ ≡ ♦ϕ♦♦ϕ ≡ ♦ϕ
correct analogously: ��ϕ ≡ �ϕ��ϕ ≡ �ϕ��ϕ ≡ �ϕ

©�ϕ ≡ �©ϕ©�ϕ ≡ �©ϕ©�ϕ ≡ �©ϕ def
= ψ
def
= ψ
def
= ψ

correct

note that:

A0 A1 A2 . . . |= ψA0 A1 A2 . . . |= ψA0 A1 A2 . . . |= ψ iff Ai Ai+1 . . . |= ϕAi Ai+1 . . . |= ϕAi Ai+1 . . . |= ϕ for all i > 1i > 1i > 1
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Correct or wrong? ltlsf3.1-27

♦♦ϕ ≡ ♦ϕ♦♦ϕ ≡ ♦ϕ♦♦ϕ ≡ ♦ϕ
correct analogously: ��ϕ ≡ �ϕ��ϕ ≡ �ϕ��ϕ ≡ �ϕ

©�ϕ ≡ �©ϕ©�ϕ ≡ �©ϕ©�ϕ ≡ �©ϕ
correct

♦�ϕ ≡ �♦ϕ♦�ϕ ≡ �♦ϕ♦�ϕ ≡ �♦ϕ
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Correct or wrong? ltlsf3.1-27

♦♦ϕ ≡ ♦ϕ♦♦ϕ ≡ ♦ϕ♦♦ϕ ≡ ♦ϕ
correct analogously: ��ϕ ≡ �ϕ��ϕ ≡ �ϕ��ϕ ≡ �ϕ

©�ϕ ≡ �©ϕ©�ϕ ≡ �©ϕ©�ϕ ≡ �©ϕ
correct

♦�ϕ ≡ �♦ϕ♦�ϕ ≡ �♦ϕ♦�ϕ ≡ �♦ϕ �♦�♦�♦ =̂̂=̂= infinitely often
♦�♦�♦� =̂̂=̂= eventually forever
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Correct or wrong? ltlsf3.1-27

♦♦ϕ ≡ ♦ϕ♦♦ϕ ≡ ♦ϕ♦♦ϕ ≡ ♦ϕ
correct analogously: ��ϕ ≡ �ϕ��ϕ ≡ �ϕ��ϕ ≡ �ϕ

©�ϕ ≡ �©ϕ©�ϕ ≡ �©ϕ©�ϕ ≡ �©ϕ
correct

♦�ϕ ≡ �♦ϕ♦�ϕ ≡ �♦ϕ♦�ϕ ≡ �♦ϕ �♦�♦�♦ =̂̂=̂= infinitely often
♦�♦�♦� =̂̂=̂= eventually forever

wrong

∅∅∅ {a}{a}{a}

|= �♦a|= �♦a|= �♦a
6|= ♦�a6|= ♦�a6|= ♦�a
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The weak until operator WWW ltlsf3.1-weakuntil

ϕ W ψ
def
= (ϕUψ ) ∨ �ϕϕ W ψ
def
= (ϕUψ ) ∨ �ϕϕ W ψ
def
= (ϕUψ ) ∨ �ϕ

deriving “always” and “until” from “weak until”:

�ϕ�ϕ�ϕ ≡≡≡ ϕW falseϕW falseϕW false

ϕUψϕUψϕUψ ≡≡≡ (ϕ W ψ) ∧ ♦ψ(ϕ W ψ) ∧ ♦ψ(ϕ W ψ) ∧ ♦ψ
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Does T |= aW bT |= aW bT |= aW b hold ? ltlsf3.1-32

=̂̂=̂= {a}{a}{a}
=̂̂=̂= {b}{b}{b}
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Does T |= aW bT |= aW bT |= aW b hold ? ltlsf3.1-32

|= aW b|= aW b|= aW b =̂̂=̂= {a}{a}{a}
=̂̂=̂= {b}{b}{b}
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Does T |= aW bT |= aW bT |= aW b hold ? ltlsf3.1-32

|= aW b|= aW b|= aW b =̂̂=̂= {a}{a}{a}
=̂̂=̂= {b}{b}{b}
=̂̂=̂= ∅∅∅
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Does T |= aW bT |= aW bT |= aW b hold ? ltlsf3.1-32

|= aW b|= aW b|= aW b =̂̂=̂= {a}{a}{a}
=̂̂=̂= {b}{b}{b}
=̂̂=̂= ∅∅∅

|= aW b|= aW b|= aW b (even aU baU baU b)

2366 / 7159



Does T |= aW bT |= aW bT |= aW b hold ? ltlsf3.1-32

|= aW b|= aW b|= aW b =̂̂=̂= {a}{a}{a}
=̂̂=̂= {b}{b}{b}
=̂̂=̂= ∅∅∅

|= aW b|= aW b|= aW b (even aU baU baU b)
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Does T |= aW bT |= aW bT |= aW b hold ? ltlsf3.1-32

|= aW b|= aW b|= aW b =̂̂=̂= {a}{a}{a}
=̂̂=̂= {b}{b}{b}
=̂̂=̂= ∅∅∅

|= aW b|= aW b|= aW b (even aU baU baU b)

6|= aW b6|= aW b6|= aW b
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Example: CTL semantics ctlss4.1-16

T |= ∃♦∀�¬startT |= ∃♦∀�¬startT |= ∃♦∀�¬start ?TTT startstartstart

trytrytry

lostlostlost delivereddelivereddeliverederrorerrorerror

Φ1 =Φ1 =Φ1 = ∃♦∃♦∃♦ ∀� ¬start∀� ¬start∀� ¬start
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Example: CTL semantics ctlss4.1-16

T |= ∃♦∀�¬startT |= ∃♦∀�¬startT |= ∃♦∀�¬start ?TTT startstartstart

trytrytry

lostlostlost delivereddelivereddeliverederrorerrorerror

Φ1 =Φ1 =Φ1 = ∃♦∃♦∃♦ ∀� ¬start∀� ¬start∀� ¬start

Sat(∀�¬start)Sat(∀�¬start)Sat(∀�¬start) ===
{
error

}{
error

}{
error

}
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Example: CTL semantics ctlss4.1-16

T |= ∃♦∀�¬startT |= ∃♦∀�¬startT |= ∃♦∀�¬start ?TTT startstartstart

trytrytry

lostlostlost delivereddelivereddeliverederrorerrorerror

Φ1 =Φ1 =Φ1 = ∃♦∃♦∃♦ ∀� ¬start∀� ¬start∀� ¬start    ∃♦∃♦∃♦ errorerrorerror

Sat(∀�¬start)Sat(∀�¬start)Sat(∀�¬start) ===
{
error

}{
error

}{
error

}

Sat(∃♦∀�¬start)Sat(∃♦∀�¬start)Sat(∃♦∀�¬start) === ?
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Example: CTL semantics ctlss4.1-16

T |= ∃♦∀�¬startT |= ∃♦∀�¬startT |= ∃♦∀�¬start ?TTT startstartstart

trytrytry

lostlostlost delivereddelivereddeliverederrorerrorerror

Φ1 =Φ1 =Φ1 = ∃♦∃♦∃♦ ∀� ¬start∀� ¬start∀� ¬start    ∃♦∃♦∃♦ errorerrorerror

Sat(∀�¬start)Sat(∀�¬start)Sat(∀�¬start) ===
{
error

}{
error

}{
error

}

Sat(∃♦∀�¬start)Sat(∃♦∀�¬start)Sat(∃♦∀�¬start) === Sat(∃♦error) =Sat(∃♦error) =Sat(∃♦error) = “all states”
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Example: CTL semantics ctlss4.1-16

T |= ∃♦∀�¬startT |= ∃♦∀�¬startT |= ∃♦∀�¬start √√√TTT startstartstart

trytrytry

lostlostlost delivereddelivereddeliverederrorerrorerror

Φ1 =Φ1 =Φ1 = ∃♦∃♦∃♦ ∀� ¬start∀� ¬start∀� ¬start    ∃♦∃♦∃♦ errorerrorerror

Sat(∀�¬start)Sat(∀�¬start)Sat(∀�¬start) ===
{
error

}{
error

}{
error

}

Sat(∃♦∀�¬start)Sat(∃♦∀�¬start)Sat(∃♦∀�¬start) === Sat(∃♦error) =Sat(∃♦error) =Sat(∃♦error) = “all states”
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Example: CTL semantics ctlss4.1-16

T |= ∃♦∀�¬startT |= ∃♦∀�¬startT |= ∃♦∀�¬start

T |= ∀©∃©∀�¬startT |= ∀©∃©∀�¬startT |= ∀©∃©∀�¬start ?

TTT startstartstart

trytrytry

lostlostlost delivereddelivereddeliverederrorerrorerror

Φ2 =Φ2 =Φ2 = ∀©∀©∀© ∃©∃©∃© ∀� ¬start∀� ¬start∀� ¬start
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Example: CTL semantics ctlss4.1-16

T |= ∃♦∀�¬startT |= ∃♦∀�¬startT |= ∃♦∀�¬start

T |= ∀©∃©∀�¬startT |= ∀©∃©∀�¬startT |= ∀©∃©∀�¬start ?

TTT startstartstart

trytrytry

lostlostlost delivereddelivereddeliverederrorerrorerror

Φ2 =Φ2 =Φ2 = ∀©∀©∀© ∃©∃©∃© ∀� ¬start∀� ¬start∀� ¬start

Sat(∀�¬start)Sat(∀�¬start)Sat(∀�¬start) === {error}{error}{error}
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Example: CTL semantics ctlss4.1-16

T |= ∃♦∀�¬startT |= ∃♦∀�¬startT |= ∃♦∀�¬start

T |= ∀©∃©∀�¬startT |= ∀©∃©∀�¬startT |= ∀©∃©∀�¬start ?

TTT startstartstart

trytrytry

lostlostlost delivereddelivereddeliverederrorerrorerror

Φ2 =Φ2 =Φ2 = ∀©∀©∀© ∃©∃©∃© ∀� ¬start∀� ¬start∀� ¬start  ∀© ∀© ∀© ∃© error∃© error∃© error

Sat(∀�¬start)Sat(∀�¬start)Sat(∀�¬start) === {error}{error}{error}
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Example: CTL semantics ctlss4.1-16

T |= ∃♦∀�¬startT |= ∃♦∀�¬startT |= ∃♦∀�¬start

T |= ∀©∃©∀�¬startT |= ∀©∃©∀�¬startT |= ∀©∃©∀�¬start ?

TTT startstartstart

trytrytry

lostlostlost delivereddelivereddeliverederrorerrorerror

Φ2 =Φ2 =Φ2 = ∀©∀©∀© ∃© ∀� ¬start∃© ∀� ¬start∃© ∀� ¬start  ∀© ∀© ∀© ∃© error∃© error∃© error

Sat(∀�¬start)Sat(∀�¬start)Sat(∀�¬start) === {error}{error}{error}
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Example: CTL semantics ctlss4.1-16

T |= ∃♦∀�¬startT |= ∃♦∀�¬startT |= ∃♦∀�¬start

T |= ∀©∃©∀�¬startT |= ∀©∃©∀�¬startT |= ∀©∃©∀�¬start ?

TTT startstartstart

trytrytry

lostlostlost delivereddelivereddeliverederrorerrorerror

Φ2 =Φ2 =Φ2 = ∀©∀©∀© ∃© ∀� ¬start∃© ∀� ¬start∃© ∀� ¬start  ∀© ∀© ∀© ∃© error∃© error∃© error

Sat(∀�¬start)Sat(∀�¬start)Sat(∀�¬start) === {error}{error}{error}
Sat(∃©∀�¬start)Sat(∃©∀�¬start)Sat(∃©∀�¬start) === {error , try}{error , try}{error , try}
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Example: CTL semantics ctlss4.1-16

T |= ∃♦∀�¬startT |= ∃♦∀�¬startT |= ∃♦∀�¬start

T |= ∀©∃©∀�¬startT |= ∀©∃©∀�¬startT |= ∀©∃©∀�¬start ?

TTT startstartstart

trytrytry

lostlostlost delivereddelivereddeliverederrorerrorerror

Φ2 =Φ2 =Φ2 = ∀©∀©∀© ∃© ∀� ¬start∃© ∀� ¬start∃© ∀� ¬start  ∀© ∀© ∀© (error ∨ try)(error ∨ try)(error ∨ try)

Sat(∀�¬start)Sat(∀�¬start)Sat(∀�¬start) === {error}{error}{error}
Sat(∃©∀�¬start)Sat(∃©∀�¬start)Sat(∃©∀�¬start) === {error , try}{error , try}{error , try}
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Example: CTL semantics ctlss4.1-16

T |= ∃♦∀�¬startT |= ∃♦∀�¬startT |= ∃♦∀�¬start

T |= ∀©∃©∀�¬startT |= ∀©∃©∀�¬startT |= ∀©∃©∀�¬start ?

TTT startstartstart

trytrytry

lostlostlost delivereddelivereddeliverederrorerrorerror
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Sat(∀�¬start)Sat(∀�¬start)Sat(∀�¬start) === {error}{error}{error}
Sat(∃©∀�¬start)Sat(∃©∀�¬start)Sat(∃©∀�¬start) === {error , try}{error , try}{error , try}

Sat(∀©∃©∀�¬start)Sat(∀©∃©∀�¬start)Sat(∀©∃©∀�¬start) === ?
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Example: CTL semantics ctlss4.1-16

T |= ∃♦∀�¬startT |= ∃♦∀�¬startT |= ∃♦∀�¬start

T |= ∀©∃©∀�¬startT |= ∀©∃©∀�¬startT |= ∀©∃©∀�¬start √√√
TTT startstartstart

trytrytry

lostlostlost delivereddelivereddeliverederrorerrorerror

Φ2 =Φ2 =Φ2 = ∀©∀©∀© ∃©∃©∃© ∀� ¬start∀� ¬start∀� ¬start  ∀© ∀© ∀© (error ∨ try)(error ∨ try)(error ∨ try)

Sat(∀�¬start)Sat(∀�¬start)Sat(∀�¬start) === {error}{error}{error}
Sat(∃©∀�¬start)Sat(∃©∀�¬start)Sat(∃©∀�¬start) === {error , try}{error , try}{error , try}

Sat(∀©∃©∀�¬start)Sat(∀©∃©∀�¬start)Sat(∀©∃©∀�¬start) === {error , lost, start}{error , lost, start}{error , lost, start}
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Example: CTL semantics ctlss4.1-16

T |= ∃♦∀�¬startT |= ∃♦∀�¬startT |= ∃♦∀�¬start

T |= ∀©∃©∀�¬startT |= ∀©∃©∀�¬startT |= ∀©∃©∀�¬start
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TTT startstartstart
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T |= ∃♦∀�¬startT |= ∃♦∀�¬startT |= ∃♦∀�¬start
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T |= ∃♦∀�¬startT |= ∃♦∀�¬startT |= ∃♦∀�¬start
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Example: CTL semantics ctlss4.1-16

T |= ∃♦∀�¬startT |= ∃♦∀�¬startT |= ∃♦∀�¬start
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TTT startstartstart
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lostlostlost delivereddelivereddeliverederrorerrorerror

Φ3 =Φ3 =Φ3 = ∃©∃©∃© ∀©∀©∀© ∀� ¬start∀� ¬start∀� ¬start    ∃© error∃© error∃© error

Sat(∀�¬start)Sat(∀�¬start)Sat(∀�¬start) === {error}{error}{error}
Sat(∀©∀�¬start)Sat(∀©∀�¬start)Sat(∀©∀�¬start) === {error}{error}{error}

Sat(∃©∀©∀�¬start)Sat(∃©∀©∀�¬start)Sat(∃©∀©∀�¬start) === ?
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Example: CTL semantics ctlss4.1-16

T |= ∃♦∀�¬startT |= ∃♦∀�¬startT |= ∃♦∀�¬start

T |= ∀©∃©∀�¬startT |= ∀©∃©∀�¬startT |= ∀©∃©∀�¬start

T |= ∃©∀©∀�¬startT |= ∃©∀©∀�¬startT |= ∃©∀©∀�¬start ?

TTT startstartstart

trytrytry

lostlostlost delivereddelivereddeliverederrorerrorerror

Φ3 =Φ3 =Φ3 = ∃©∃©∃© ∀©∀©∀© ∀� ¬start∀� ¬start∀� ¬start    ∃© error∃© error∃© error

Sat(∀�¬start)Sat(∀�¬start)Sat(∀�¬start) === {error}{error}{error}
Sat(∀©∀�¬start)Sat(∀©∀�¬start)Sat(∀©∀�¬start) === {error}{error}{error}

Sat(∃©∀©∀�¬start)Sat(∃©∀©∀�¬start)Sat(∃©∀©∀�¬start) === {error , try}{error , try}{error , try}
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Example: CTL semantics ctlss4.1-16

T |= ∃♦∀�¬startT |= ∃♦∀�¬startT |= ∃♦∀�¬start

T |= ∀©∃©∀�¬startT |= ∀©∃©∀�¬startT |= ∀©∃©∀�¬start
T 6|= ∃©∀©∀�¬startT 6|= ∃©∀©∀�¬startT 6|= ∃©∀©∀�¬start

TTT startstartstart

trytrytry

lostlostlost delivereddelivereddeliverederrorerrorerror

Φ3 =Φ3 =Φ3 = ∃©∃©∃© ∀©∀©∀© ∀� ¬start∀� ¬start∀� ¬start    ∃© error∃© error∃© error

Sat(∀�¬start)Sat(∀�¬start)Sat(∀�¬start) === {error}{error}{error}
Sat(∀©∀�¬start)Sat(∀©∀�¬start)Sat(∀©∀�¬start) === {error}{error}{error}

Sat(∃©∀©∀�¬start)Sat(∃©∀©∀�¬start)Sat(∃©∀©∀�¬start) === {error , try}{error , try}{error , try}
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Example: CTL semantics ctlss4.1-17

s0s0s0 s1s1s1 s2s2s2

∅∅∅ {a}{a}{a} ∅∅∅

does T |= ∃©∀�¬aT |= ∃©∀�¬aT |= ∃©∀�¬a hold ?
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Example: CTL semantics ctlss4.1-17

s0s0s0 s1s1s1 s2s2s2

∅∅∅ {a}{a}{a} ∅∅∅

does T |= ∃©∀�¬aT |= ∃©∀�¬aT |= ∃©∀�¬a hold ?

answer: no
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Example: CTL semantics ctlss4.1-17

s0s0s0 s1s1s1 s2s2s2

∅∅∅ {a}{a}{a} ∅∅∅

does T |= ∃©∀�¬aT |= ∃©∀�¬aT |= ∃©∀�¬a hold ?

answer: no

Sat(∀�¬a)Sat(∀�¬a)Sat(∀�¬a) === {s2}{s2}{s2}
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Example: CTL semantics ctlss4.1-17

s0s0s0 s1s1s1 s2s2s2

∅∅∅ {a}{a}{a} ∅∅∅

does T |= ∃©∀�¬aT |= ∃©∀�¬aT |= ∃©∀�¬a hold ?

answer: no

Sat(∀�¬a)Sat(∀�¬a)Sat(∀�¬a) === {s2}{s2}{s2}
Sat(∃©∀�¬a)Sat(∃©∀�¬a)Sat(∃©∀�¬a) === {s2, s1}{s2, s1}{s2, s1}
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Example: CTL semantics ctlss4.1-17

s0s0s0 s1s1s1 s2s2s2

∅∅∅ {a}{a}{a} ∅∅∅

does T |= ∃©∀�¬aT |= ∃©∀�¬aT |= ∃©∀�¬a hold ?

answer: no

does T |= ∀�∃©¬aT |= ∀�∃©¬aT |= ∀�∃©¬a hold ?
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Example: CTL semantics ctlss4.1-17

s0s0s0 s1s1s1 s2s2s2

∅∅∅ {a}{a}{a} ∅∅∅

does T |= ∃©∀�¬aT |= ∃©∀�¬aT |= ∃©∀�¬a hold ?

answer: no

does T |= ∀�∃©¬aT |= ∀�∃©¬aT |= ∀�∃©¬a hold ?

answer: yes

3243 / 7159



Example: CTL semantics ctlss4.1-17

s0s0s0 s1s1s1 s2s2s2

∅∅∅ {a}{a}{a} ∅∅∅

does T |= ∃©∀�¬aT |= ∃©∀�¬aT |= ∃©∀�¬a hold ?

answer: no

does T |= ∀�∃©¬aT |= ∀�∃©¬aT |= ∀�∃©¬a hold ?

answer: yes

Sat(∃©¬a)Sat(∃©¬a)Sat(∃©¬a) === {s0, s1, s2}{s0, s1, s2}{s0, s1, s2}

3244 / 7159



Example: CTL semantics ctlss4.1-17

s0s0s0 s1s1s1 s2s2s2

∅∅∅ {a}{a}{a} ∅∅∅

does T |= ∃©∀�¬aT |= ∃©∀�¬aT |= ∃©∀�¬a hold ?

answer: no

does T |= ∀�∃©¬aT |= ∀�∃©¬aT |= ∀�∃©¬a hold ?

answer: yes

Sat(∃©¬a)Sat(∃©¬a)Sat(∃©¬a) === {s0, s1, s2}{s0, s1, s2}{s0, s1, s2}
Sat(∀�∃©¬a)Sat(∀�∃©¬a)Sat(∀�∃©¬a) === {s0, s1, s2}{s0, s1, s2}{s0, s1, s2}
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Example: CTL semantics ctlss4.1-18

sss

ttt uuu

=̂ {a}=̂ {a}=̂ {a}
=̂ {b}=̂ {b}=̂ {b}
=̂∅=̂∅=̂∅

T |= ∃�∃(aU b)T |= ∃�∃(aU b)T |= ∃�∃(aU b) ?
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Example: CTL semantics ctlss4.1-18

sss

ttt uuu

=̂ {a}=̂ {a}=̂ {a}
=̂ {b}=̂ {b}=̂ {b}
=̂∅=̂∅=̂∅

T |= ∃�∃(aU b)T |= ∃�∃(aU b)T |= ∃�∃(aU b)
√√√

as s |= ∃(aU b)s |= ∃(aU b)s |= ∃(aU b)
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Example: CTL semantics ctlss4.1-18

sss

ttt uuu

=̂ {a}=̂ {a}=̂ {a}
=̂ {b}=̂ {b}=̂ {b}
=̂∅=̂∅=̂∅

T |= ∃�∃(aU b)T |= ∃�∃(aU b)T |= ∃�∃(aU b)
√√√

as s s s . . . |= �∃(aU b)s s s . . . |= �∃(aU b)s s s . . . |= �∃(aU b)
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Example: CTL semantics ctlss4.1-18

sss

ttt uuu

=̂ {a}=̂ {a}=̂ {a}
=̂ {b}=̂ {b}=̂ {b}
=̂∅=̂∅=̂∅

T |= ∃�∃(aU b)T |= ∃�∃(aU b)T |= ∃�∃(aU b)
√√√

as s s s . . . |= �∃(aU b)s s s . . . |= �∃(aU b)s s s . . . |= �∃(aU b)

T |= ∃((∃©a) U b)T |= ∃((∃©a) U b)T |= ∃((∃©a) U b) ?
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Example: CTL semantics ctlss4.1-18

sss

ttt uuu

=̂ {a}=̂ {a}=̂ {a}
=̂ {b}=̂ {b}=̂ {b}
=̂∅=̂∅=̂∅

T |= ∃�∃(aU b)T |= ∃�∃(aU b)T |= ∃�∃(aU b)
√√√

as s s s . . . |= �∃(aU b)s s s . . . |= �∃(aU b)s s s . . . |= �∃(aU b)

T 6|= ∃((∃©a) U b)T 6|= ∃((∃©a) U b)T 6|= ∃((∃©a) U b) as t 6|= ∃©at 6|= ∃©at 6|= ∃©a, u 6|= ∃©au 6|= ∃©au 6|= ∃©a
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Example: CTL semantics ctlss4.1-18

sss

ttt uuu

=̂ {a}=̂ {a}=̂ {a}
=̂ {b}=̂ {b}=̂ {b}
=̂∅=̂∅=̂∅

T |= ∃�∃(aU b)T |= ∃�∃(aU b)T |= ∃�∃(aU b)
√√√

as s s s . . . |= �∃(aU b)s s s . . . |= �∃(aU b)s s s . . . |= �∃(aU b)

T 6|= ∃((∃©a) U b)T 6|= ∃((∃©a) U b)T 6|= ∃((∃©a) U b) as t 6|= ∃©at 6|= ∃©at 6|= ∃©a, u 6|= ∃©au 6|= ∃©au 6|= ∃©a

T |= ∃(aU∀(¬aU b))T |= ∃(aU ∀(¬aU b))T |= ∃(aU∀(¬aU b)) ?
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Example: CTL semantics ctlss4.1-18

sss

ttt uuu

=̂ {a}=̂ {a}=̂ {a}
=̂ {b}=̂ {b}=̂ {b}
=̂∅=̂∅=̂∅

T |= ∃�∃(aU b)T |= ∃�∃(aU b)T |= ∃�∃(aU b)
√√√

as s s s . . . |= �∃(aU b)s s s . . . |= �∃(aU b)s s s . . . |= �∃(aU b)

T 6|= ∃((∃©a) U b)T 6|= ∃((∃©a) U b)T 6|= ∃((∃©a) U b) as t 6|= ∃©at 6|= ∃©at 6|= ∃©a, u 6|= ∃©au 6|= ∃©au 6|= ∃©a

T |= ∃(aU∀(¬aU b))T |= ∃(aU ∀(¬aU b))T |= ∃(aU∀(¬aU b))
√√√
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Example: CTL semantics ctlss4.1-18

sss

ttt uuu

=̂ {a}=̂ {a}=̂ {a}
=̂ {b}=̂ {b}=̂ {b}
=̂∅=̂∅=̂∅

T |= ∃�∃(aU b)T |= ∃�∃(aU b)T |= ∃�∃(aU b)
√√√

as s s s . . . |= �∃(aU b)s s s . . . |= �∃(aU b)s s s . . . |= �∃(aU b)

T 6|= ∃((∃©a) U b)T 6|= ∃((∃©a) U b)T 6|= ∃((∃©a) U b) as t 6|= ∃©at 6|= ∃©at 6|= ∃©a, u 6|= ∃©au 6|= ∃©au 6|= ∃©a

T |= ∃(aU∀(¬aU b))T |= ∃(aU ∀(¬aU b))T |= ∃(aU∀(¬aU b))
√√√

sss uuu

aaa ∀(¬aU b)∀(¬aU b)∀(¬aU b)

. . .. . .. . . |= aU ∀(¬aU b)|= aU∀(¬aU b)|= aU∀(¬aU b)
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Correct or wrong? ctlss4.1-19

Let TTT be a transition system and ΦΦΦ a CTL formula.
Is the following statement correct ?

if T 6|= ¬ΦT 6|= ¬ΦT 6|= ¬Φ then T |= ΦT |= ΦT |= Φ
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Correct or wrong? ctlss4.1-19

Let TTT be a transition system and ΦΦΦ a CTL formula.
Is the following statement correct ?

if T 6|= ¬ΦT 6|= ¬ΦT 6|= ¬Φ then T |= ΦT |= ΦT |= Φ

answer: no
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Correct or wrong? ctlss4.1-19

Let TTT be a transition system and ΦΦΦ a CTL formula.
Is the following statement correct ?

if T 6|= ¬ΦT 6|= ¬ΦT 6|= ¬Φ then T |= ΦT |= ΦT |= Φ

answer: no

T |= ΦT |= ΦT |= Φ iff s0 |= Φs0 |= Φs0 |= Φ for all initial states s0s0s0
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Correct or wrong? ctlss4.1-19

Let TTT be a transition system and ΦΦΦ a CTL formula.
Is the following statement correct ?

if T 6|= ¬ΦT 6|= ¬ΦT 6|= ¬Φ then T |= ΦT |= ΦT |= Φ

answer: no

T |= ΦT |= ΦT |= Φ iff s0 |= Φs0 |= Φs0 |= Φ for all initial states s0s0s0

T 6|= ¬ΦT 6|= ¬ΦT 6|= ¬Φ iff there exists an initial state s0s0s0 with

s0 6|= ¬Φs0 6|= ¬Φs0 6|= ¬Φ
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Correct or wrong? ctlss4.1-19

Let TTT be a transition system and ΦΦΦ a CTL formula.
Is the following statement correct ?

if T 6|= ¬ΦT 6|= ¬ΦT 6|= ¬Φ then T |= ΦT |= ΦT |= Φ

answer: no

T |= ΦT |= ΦT |= Φ iff s0 |= Φs0 |= Φs0 |= Φ for all initial states s0s0s0

T 6|= ¬ΦT 6|= ¬ΦT 6|= ¬Φ iff there exists an initial state s0s0s0 with

s0 6|= ¬Φs0 6|= ¬Φs0 6|= ¬Φ
iff there exists an initial state s0s0s0 with

s0 |= Φs0 |= Φs0 |= Φ
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Correct or wrong? ctlss4.1-19

Let TTT be a transition system and ΦΦΦ a CTL formula.
Is the following statement correct ?

if T 6|= ¬ΦT 6|= ¬ΦT 6|= ¬Φ then T |= ΦT |= ΦT |= Φ

answer: no

transition system TTT with 2 initial states:

{a}{a}{a} ∅∅∅ T 6|= ∃�aT 6|= ∃�aT 6|= ∃�a
T 6|= ¬∃�aT 6|= ¬∃�aT 6|= ¬∃�a
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Correct or wrong? ctlss4.1-23

∃♦(a ∧ b) ≡ ∃♦a ∧ ∃♦b∃♦(a ∧ b) ≡ ∃♦a ∧ ∃♦b∃♦(a ∧ b) ≡ ∃♦a ∧ ∃♦b
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Correct or wrong? ctlss4.1-23

∃♦(a ∧ b) ≡ ∃♦a ∧ ∃♦b∃♦(a ∧ b) ≡ ∃♦a ∧ ∃♦b∃♦(a ∧ b) ≡ ∃♦a ∧ ∃♦b
wrong, e.g,
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Correct or wrong? ctlss4.1-23
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Correct or wrong? ctlss4.1-23

∃♦(a ∧ b) ≡ ∃♦a ∧ ∃♦b∃♦(a ∧ b) ≡ ∃♦a ∧ ∃♦b∃♦(a ∧ b) ≡ ∃♦a ∧ ∃♦b
wrong, e.g,
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wrong, e.g.,
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Correct or wrong? ctlss4.1-23

∃♦(a ∧ b) ≡ ∃♦a ∧ ∃♦b∃♦(a ∧ b) ≡ ∃♦a ∧ ∃♦b∃♦(a ∧ b) ≡ ∃♦a ∧ ∃♦b
wrong, e.g,

∀♦(a ∧ b) ≡ ∀♦a ∧ ∀♦b∀♦(a ∧ b) ≡ ∀♦a ∧ ∀♦b∀♦(a ∧ b) ≡ ∀♦a ∧ ∀♦b
wrong, e.g.,

but:

∀�(Φ1 ∧ Φ2)∀�(Φ1 ∧ Φ2)∀�(Φ1 ∧ Φ2) ≡≡≡ ∀�Φ1∀�Φ1∀�Φ1 ∧∧∧ ∀�Φ2∀�Φ2∀�Φ2

∃♦(Φ1 ∨ Φ2)∃♦(Φ1 ∨ Φ2)∃♦(Φ1 ∨ Φ2) ≡≡≡ ∃♦Φ1∃♦Φ1∃♦Φ1 ∨∨∨ ∃♦Φ2∃♦Φ2∃♦Φ2
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Correct or wrong? ctlss4.1-24

∀©∀�a ≡ ∀�∀©a∀©∀�a ≡ ∀�∀©a∀©∀�a ≡ ∀�∀©a
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Correct or wrong? ctlss4.1-24

∀©∀�a ≡ ∀�∀©a∀©∀�a ≡ ∀�∀©a∀©∀�a ≡ ∀�∀©a

correct.

both formulas require computation trees
of the form:

|= a|= a|= a

arbitrary
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∀©∀�a ≡ ∀�∀©a∀©∀�a ≡ ∀�∀©a∀©∀�a ≡ ∀�∀©a

correct.

∃©∃�a ≡ ∃�∃©a∃©∃�a ≡ ∃�∃©a∃©∃�a ≡ ∃�∃©a

wrong, e.g.,

s0s0s0
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∃©∃�a ≡ ∃�∃©a∃©∃�a ≡ ∃�∃©a∃©∃�a ≡ ∃�∃©a
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Correct or wrong? ctlss4.1-24

∀©∀�a ≡ ∀�∀©a∀©∀�a ≡ ∀�∀©a∀©∀�a ≡ ∀�∀©a

correct.

∃©∃�a ≡ ∃�∃©a∃©∃�a ≡ ∃�∃©a∃©∃�a ≡ ∃�∃©a

wrong, e.g.,

s0s0s0 s0 6|= ∃©∃�as0 6|= ∃©∃�as0 6|= ∃©∃�a

note: Sat(∃�a) = ∅Sat(∃�a) = ∅Sat(∃�a) = ∅
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Correct or wrong? ctlss4.1-24

∀©∀�a ≡ ∀�∀©a∀©∀�a ≡ ∀�∀©a∀©∀�a ≡ ∀�∀©a
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∃©∃�a ≡ ∃�∃©a∃©∃�a ≡ ∃�∃©a∃©∃�a ≡ ∃�∃©a
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Correct or wrong? ctlss4.1-24

∀©∀�a ≡ ∀�∀©a∀©∀�a ≡ ∀�∀©a∀©∀�a ≡ ∀�∀©a

correct.

∃©∃�a ≡ ∃�∃©a∃©∃�a ≡ ∃�∃©a∃©∃�a ≡ ∃�∃©a

wrong, e.g.,

s0s0s0 s0 6|= ∃©∃�as0 6|= ∃©∃�as0 6|= ∃©∃�a
s0 |= ∃�∃©as0 |= ∃�∃©as0 |= ∃�∃©a

s0 |= ∃©as0 |= ∃©as0 |= ∃©a

=⇒=⇒=⇒ s0 s0 s0 . . . |= �∃©as0 s0 s0 . . . |= �∃©as0 s0 s0 . . . |= �∃©a
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Correct or wrong? ctlss4.1-24

∀©∀�a ≡ ∀�∀©a∀©∀�a ≡ ∀�∀©a∀©∀�a ≡ ∀�∀©a

correct.

∃©∃�a ≡ ∃�∃©a∃©∃�a ≡ ∃�∃©a∃©∃�a ≡ ∃�∃©a

wrong, e.g.,

s0s0s0 s0 6|= ∃©∃�as0 6|= ∃©∃�as0 6|= ∃©∃�a
s0 |= ∃�∃©as0 |= ∃�∃©as0 |= ∃�∃©a

s0 |= ∃©as0 |= ∃©as0 |= ∃©a

=⇒=⇒=⇒ s0 s0 s0 . . . |= �∃©as0 s0 s0 . . . |= �∃©as0 s0 s0 . . . |= �∃©a

=⇒=⇒=⇒ s0 |= ∃�∃©as0 |= ∃�∃©as0 |= ∃�∃©a
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CTL vs LTL comparison4.2-8

Does ∀♦( a ∧ ∃©a ) ≡ ♦(a ∧ ©a)∀♦( a ∧ ∃©a ) ≡ ♦(a ∧ ©a)∀♦( a ∧ ∃©a ) ≡ ♦(a ∧ ©a) hold ?
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Does ∀♦( a ∧ ∃©a ) ≡ ♦(a ∧ ©a)∀♦( a ∧ ∃©a ) ≡ ♦(a ∧ ©a)∀♦( a ∧ ∃©a ) ≡ ♦(a ∧ ©a) hold ?

answer: no.
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CTL vs LTL comparison4.2-8

Does ∀♦( a ∧ ∃©a ) ≡ ♦(a ∧ ©a)∀♦( a ∧ ∃©a ) ≡ ♦(a ∧ ©a)∀♦( a ∧ ∃©a ) ≡ ♦(a ∧ ©a) hold ?

answer: no.

TTT
s0s0s0

s1s1s1 s2s2s2

= {a}= {a}= {a}
= ∅= ∅= ∅
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CTL vs LTL comparison4.2-8

Does ∀♦( a ∧ ∃©a ) ≡ ♦(a ∧ ©a)∀♦( a ∧ ∃©a ) ≡ ♦(a ∧ ©a)∀♦( a ∧ ∃©a ) ≡ ♦(a ∧ ©a) hold ?

answer: no.

TTT
s0s0s0

s1s1s1 s2s2s2

T 6|= ♦(a ∧ ©a)T 6|= ♦(a ∧ ©a)T 6|= ♦(a ∧ ©a)

note: π = s0 s2 s2 s2 . . .π = s0 s2 s2 s2 . . .π = s0 s2 s2 s2 . . . is a path in TTT with

trace(π) = {a}∅∅∅ . . . 6∈ Words(♦(a ∧© a))trace(π) = {a}∅∅∅ . . . 6∈ Words(♦(a ∧© a))trace(π) = {a}∅∅∅ . . . 6∈ Words(♦(a ∧© a))

3449 / 7159



CTL vs LTL comparison4.2-8

Does ∀♦( a ∧ ∃©a ) ≡ ♦(a ∧ ©a)∀♦( a ∧ ∃©a ) ≡ ♦(a ∧ ©a)∀♦( a ∧ ∃©a ) ≡ ♦(a ∧ ©a) hold ?

answer: no.

TTT
s0s0s0

s1s1s1 s2s2s2

T 6|= ♦(a ∧ ©a)T 6|= ♦(a ∧ ©a)T 6|= ♦(a ∧ ©a)

T |= ∀♦(a ∧ ∃©a)T |= ∀♦(a ∧ ∃©a)T |= ∀♦(a ∧ ∃©a)
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CTL vs LTL comparison4.2-8

Does ∀♦( a ∧ ∃©a ) ≡ ♦(a ∧ ©a)∀♦( a ∧ ∃©a ) ≡ ♦(a ∧ ©a)∀♦( a ∧ ∃©a ) ≡ ♦(a ∧ ©a) hold ?

answer: no.

TTT
s0s0s0

s1s1s1 s2s2s2

T 6|= ♦(a ∧ ©a)T 6|= ♦(a ∧ ©a)T 6|= ♦(a ∧ ©a)

T |= ∀♦(a ∧ ∃©a)T |= ∀♦(a ∧ ∃©a)T |= ∀♦(a ∧ ∃©a)

Sat(∃©a)Sat(∃©a)Sat(∃©a) === {s0, s1}{s0, s1}{s0, s1}
Sat(∀♦(a ∧ ∃©a))Sat(∀♦(a ∧ ∃©a))Sat(∀♦(a ∧ ∃©a)) === {s0, s1}{s0, s1}{s0, s1}
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Correct or wrong? comparison4.2-10

s |= ∃�∃♦as |= ∃�∃♦as |= ∃�∃♦a iff there is a path π ∈ Paths(s)π ∈ Paths(s)π ∈ Paths(s) with
π |= �♦aπ |= �♦aπ |= �♦a
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π |= �♦aπ |= �♦aπ |= �♦a
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wrong.

sss
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Correct or wrong? comparison4.2-10

s |= ∃�∃♦as |= ∃�∃♦as |= ∃�∃♦a iff there is a path π ∈ Paths(s)π ∈ Paths(s)π ∈ Paths(s) with
π |= �♦aπ |= �♦aπ |= �♦a

wrong.

sss s |= ∃�∃♦as |= ∃�∃♦as |= ∃�∃♦a
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Correct or wrong? comparison4.2-10

s |= ∃�∃♦as |= ∃�∃♦as |= ∃�∃♦a iff there is a path π ∈ Paths(s)π ∈ Paths(s)π ∈ Paths(s) with
π |= �♦aπ |= �♦aπ |= �♦a

wrong.

sss s |= ∃�∃♦as |= ∃�∃♦as |= ∃�∃♦a

note that: s |= ∃♦as |= ∃♦as |= ∃♦a
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Correct or wrong? comparison4.2-10

s |= ∃�∃♦as |= ∃�∃♦as |= ∃�∃♦a iff there is a path π ∈ Paths(s)π ∈ Paths(s)π ∈ Paths(s) with
π |= �♦aπ |= �♦aπ |= �♦a

wrong.

sss s |= ∃�∃♦as |= ∃�∃♦as |= ∃�∃♦a

note that: s |= ∃♦as |= ∃♦as |= ∃♦a
thus: s s s . . . |= �∃♦as s s . . . |= �∃♦as s s . . . |= �∃♦a
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Correct or wrong? comparison4.2-10

s |= ∃�∃♦as |= ∃�∃♦as |= ∃�∃♦a iff there is a path π ∈ Paths(s)π ∈ Paths(s)π ∈ Paths(s) with
π |= �♦aπ |= �♦aπ |= �♦a

wrong.

sss s |= ∃�∃♦as |= ∃�∃♦as |= ∃�∃♦a

note that: s |= ∃♦as |= ∃♦as |= ∃♦a
thus: s s s . . . |= �∃♦as s s . . . |= �∃♦as s s . . . |= �∃♦a

but there is no path where �♦a�♦a�♦a holds
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Correct or wrong? comparison4.2-12

If T1T1T1 and T2T2T2 are trace equivalent TS then for all
CTL formulas ΦΦΦ: T1 |= ΦT1 |= ΦT1 |= Φ iff T2 |= ΦT2 |= ΦT2 |= Φ
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Correct or wrong? comparison4.2-12

If T1T1T1 and T2T2T2 are trace equivalent TS then for all
CTL formulas ΦΦΦ: T1 |= ΦT1 |= ΦT1 |= Φ iff T2 |= ΦT2 |= ΦT2 |= Φ

wrong.

T1T1T1:

{a}{a}{a} {b}{b}{b}

T2T2T2:

{a}{a}{a} {b}{b}{b}
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Correct or wrong? comparison4.2-12

If T1T1T1 and T2T2T2 are trace equivalent TS then for all
CTL formulas ΦΦΦ: T1 |= ΦT1 |= ΦT1 |= Φ iff T2 |= ΦT2 |= ΦT2 |= Φ
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T1T1T1:
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Correct or wrong? comparison4.2-12

If T1T1T1 and T2T2T2 are trace equivalent TS then for all
CTL formulas ΦΦΦ: T1 |= ΦT1 |= ΦT1 |= Φ iff T2 |= ΦT2 |= ΦT2 |= Φ

wrong.

T1T1T1:

{a}{a}{a} {b}{b}{b}

T2T2T2:

{a}{a}{a} {b}{b}{b}

consider the CTL formula
Φ = ∃©a ∧ ∃©bΦ = ∃©a ∧ ∃©bΦ = ∃©a ∧ ∃©b

T1 6|= ΦT1 6|= ΦT1 6|= Φ

T2 |= ΦT2 |= ΦT2 |= Φ

T1T1T1 and T2T2T2 are trace equivalent
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