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Ñèíòàêñèñ LTLÔîðìóëû ñòðîÿòñÿ èçÏðîïîçèöèîíàëüíûõ ïåðåìåííûõ PropÏðîïîçèöèîíàëüíûõ ñâÿçîê true, false, ¬, ∨, ∧, → è ≡.Âðåìåííûõ îïåðàòîðîâ, X, F, G, U è W.Ìíîæåñòâî �îðìóë (WFF )Ïðîïîçèöèîíàëüíûå ïåðåìåííûåtrue è falseÅñëè ϕ è ψ � �îðìóëû, òî
¬ϕ, ϕ ∧ ψ, ϕ ∨ ψ, ϕ→ ψ, ϕ ≡ ψ
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ÑåìàíòèêàLTL èíòåðïðåòèðóåòñÿ íàä äèñêðåòíûìè ëèíåéíûìèïîðÿäêàìè, èçîìîð�íûìè ìíîæåñòâó íàòóðàëüíûõ ÷èñåë
N.Èíòåðïðåòàöèÿ LTL, σ, ýòî ïîñëåäîâàòåëüíîñòü ñîñòîÿíèé

σ = s0, s1, s2, s3, . . .ãäå êàæäîå ñîñòîÿíèå si ïðåäñòàâëÿåò ñîáîé ìíîæåñòâîïðîïîçèöèîíàëüíûõ ïåðåìåííûõ, èñòèííûõ â i -é ìîìåíòâðåìåíè.Ôîðìóëû èíòåðïðåòèðóþòñÿ â ìîìåíò âðåìåíè i ∈ N.
(σ, i) |= A

p,¬q p,¬q ¬p,qp,q p,q 3 / 33



Ïðîâåðêà LTL ìîäåëåéÏðîâåðêà ìîäåëåé: ïî ñèñòåìå ïåðåõîäîâ S è LTL �îðìóëå
ϕ îïðåäåëèòü, îáëàäàåò ëè S ñâîéñòâîì ϕ, ò.å., âåðíî ëè

S |= ϕ.Ìû ðàññìîòðåëè äåäóêòèâíûé ïîäõîä:ïîñòðîèòü �îðìóëó ψS ò.÷. S |= ϕ òîãäà è ò.ò., êîãäà�îðìóëà ψS → ϕ îáùåçíà÷èìà.Ïðîáëåìà: ïðîâåðêà îáùåçíà÷èìîñòè LTL �îðìóëûÿâëÿåòñÿ PSPACE ïîëíîéÍà ñàìîì äåëå, ñóùåñòâóþò àëãîðèòìû, èìåþùèåñëîæíîñòü
O(|S | · 2|ϕ|). 4 / 33



Àâòîìàòû è ìîäåëè
Ïðàêòè÷åñêè âñå ðåàëèçàöèè ïðîâåðêè LTL ìîäåëåé(íå�îðìàëüíî ãîâîðÿ) èñïîëüçóþò ñëåäóþùèé ïîäõîä:Ïîñòðîèòü ïî �îðìóëå àâòîìàòÑêîìáèíèðîâàòü ïîñòðîåííûé àâòîìàò ñ ñèñòåìîéïåðåõîäîâ è ëèáîñâåñòè ê ïðîâåðêå CTL ìîäåëåé, ëèáîèñïîëüçîâàòü àâòîìàòíûå òåõíèêè
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�àçäåëåííàÿ íîðìàëüíàÿ �îðìà DSNF äëÿ ëîãèêè LTLÏðîöåññ ïîñòðîåíèÿ àâòîìàòà ïî ïðîèçâîëüíîé LTL�îðìóëå äîâîëüíî ñëîæåí.Âî ââîäíûõ êóðñàõ îáû÷íî ïðèíèìàåòñÿ áåçäîêàçàòåëüñòâà.Ìû ïîéäåì äðóãèì ïóòåì: îïèøåì �ðàãìåíò LTLìíîæåñòâî LTL �îðìóë â íîðìàëüíîé �îðìå;äëÿ íåãî ïîñòðîåíèå àâòîìàòà ñóùåñòâåííî ïðîùå;òàê êàê ëþáàÿ �îðìóëà ìîæåò áûòü ïðèâåäåíà êíîðìàëüíîé �îðìå, àâòîìàò äëÿ DSNF (f ) ìîæåò áûòüèñïîëüçîâàí è äëÿ f . 6 / 33



Î÷åíü íå�îðìàëüíî
(p ∨ q) ∧ Gr ∧ G(p → Xq) ∧ GFp

Props Props Props Props · · ·
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Î÷åíü íå�îðìàëüíî
(p ∨ q) ∧ Gr ∧ G(p → Xq) ∧ GFp

Props

I

Props Props Props · · ·×àñòü �îðìóëû �äåéñòâóåò� òîëüêî â ìîìåíò 0
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Î÷åíü íå�îðìàëüíî
(p ∨ q) ∧ Gr ∧ G(p → Xq) ∧ GFp

Props
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U
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· · ·×àñòü �îðìóëû �äåéñòâóåò� òîëüêî â ìîìåíò 0×àñòü � âåçäå
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Î÷åíü íå�îðìàëüíî
(p ∨ q) ∧ Gr ∧ G(p → Xq) ∧ GFp

Props
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Props
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· · ·×àñòü �îðìóëû �äåéñòâóåò� òîëüêî â ìîìåíò 0×àñòü � âåçäå×àñòü ïåðåäàåò èí�îðìàöèþ â ñëåäóþùèé ìîìåíò
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Î÷åíü íå�îðìàëüíî
(p ∨ q) ∧ Gr ∧ G(p → Xq) ∧ GFp

Props

I U

Props

U

Props

U
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· · ·×àñòü �îðìóëû �äåéñòâóåò� òîëüêî â ìîìåíò 0×àñòü � âåçäå×àñòü ïåðåäàåò èí�îðìàöèþ â ñëåäóþùèé ìîìåíò×àñòü ïåðåäàåò èí�îðìàöèþ â áóäóùåå 7 / 33



Î÷åíü íå�îðìàëüíî
(p ∨ q) ∧ Gr ∧ G(p → Xq) ∧ GFp

Props

I U

Props

U

Props

U

Props

U

· · ·×àñòü �îðìóëû �äåéñòâóåò� òîëüêî â ìîìåíò 0×àñòü � âåçäå×àñòü ïåðåäàåò èí�îðìàöèþ â ñëåäóþùèé ìîìåíò×àñòü ïåðåäàåò èí�îðìàöèþ â áóäóùååÍî ýòî âñå ìîæåò áûòü çàïóòàíî ñòðóêðóðîé �îðìóëû 7 / 33



Divided Separated Normal Form (DSNF)×åòûðå ìíîæåñòâà �îðìóë1 Óíèâåðñàëüíàÿ ÷àñòü U : ìíîæåñòâî ïðîïîçèöèîíàëüíûõ�îðìóë;2 Íà÷àëüíàÿ ÷àñòü I: ìíîæåñòâî ïðîïîçèöèîíàëüíûõ�îðìóë3 Øàãè S: ìíîæåñòâî �îðìóë âèäà
ϕ→ Xψ4 Îáÿçàòåëüñòâà E : ìíîæåñòâî �îðìóë âèäà

Fl ,ãäå l � ïðîïîçèöèîíàëüíûé ëèòåðàëÑìûñë: I ∧ GU ∧ GS ∧ GE 8 / 33



Ïðèìåð
(p ∨ q) ∧ Gr ∧ G(p → Xq) ∧ GFp

Props

I U

Props

U

Props

U

Props

U

· · ·

I = {(q ∨ q)}

U = {r}

S = {p → Xq}

E = {Fp} 9 / 33



Ïðèìåð
(p ∨ q) ∧ Gr ∧ G(p → Xq) ∧ GFp

Props

I U

Props

U

Props

U

Props

U

· · ·

I = {(q ∨ q)}

U = {r}

S = {p → Xq}

E = {Fp}

G ïîäðàçóìåâàåòñÿ íåÿâíî 9 / 33



Ìîäåëü âûêëþ÷àòåëÿ
I = {p1}

U =































(p1 → ¬On,¬Fault),
(p2 → On,¬Fault),
(p3 → ¬On,Fault),
(p1 → ¬p2,¬p3),
(p2 → ¬p1,¬p3),
(p3 → ¬p1,¬p2)































S =







(p1 → Xp2),
(p2 → X(p1 ∨ Nextp3)),
(p3 → Xp1)







~On
~Fault

press

press

On
~Fault

~On
Fault

press

repair

1
2

3Óñëîâèå �ñïðàâåäëèâîñòè�
E = {FFault} 10 / 33



Ïëàí äåéñòâèé
Ñâåäåíèå ê DSNFÑâÿçü ìîäåëåé ϕ è DSNF (ϕ)Àâòîìàò, ïðèíèìàþùèé ìîäåëè DSNF (ϕ)
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Ïëàí äåéñòâèé
Ñâåäåíèå ê DSNFÑâåäåíèå ê NNFÏåðåèìåíîâàííèå ïîä�îðìóë è õàðàêòåðèçàöèÿ ñíåïîäâèæíîé òî÷êîéÓñëîâíûå îáÿçàòåëüññòâàÁåçóñëîâíûå îáÿçàòåëüññòâàÑâÿçü ìîäåëåé ϕ è DSNF (ϕ)Àâòîìàò, ïðèíèìàþùèé ìîäåëè DSNF (ϕ)
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Ñâåäåíèå ê NNFNNF-�îðìóëà:Èç ïðîïîçèöèîíàëüíûõ ñâÿçîê äîïóñêàþòñÿ òîëüêî ∧, ∨, ¬Îòðèöàíèÿ ïðèìåíÿþòñÿ òîëüêî ê ïðîïîçèöèîíàëüíûìïåðåìåííûì
¬Xϕ ≡ X¬ϕ;
¬Gϕ ≡ F¬ϕ;
¬Fϕ ≡ G¬ϕ;
¬(ϕUψ) ≡ ¬ψW(¬ϕ ∧ ¬ψ));
¬(ϕWψ) ≡ ¬ψU(¬ϕ ∧ ¬ψ).Äëÿ ëþáîé �îðìóëû ϕ è èíòåðïðåòàöèè σ:

σ |= ϕ⇐⇒ σ |= NNF (ϕ) 12 / 33



Ïðèìåð
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Ïåðåèìåíîâûâàíèå ïîä�îðìóë�åêóðñèâíî ïåðåèìåíóåì âðåìåííûå ïîä�îðìóëû, íà÷èíàÿ ññàìûõ âëîæåííûõ:
ϕ � �îðìóëà, ψ � å¼ ïîä�îðìóëà âèäà Fψ1, Gψ1, ψ1Uψ2 èëè
ψ1Wψ2Çàìåíèòü âñå âõîæäåíèÿ ψ íà íîâóþ ïðîïîçèöèîíàëüíóþïåðåìåííóþ pÄîáàâèòü íîâûé êîíúþíêò G(p → ψ)
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Ïðèìåð
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Ïåðåèìåíîâàíèå è èíòåðïðåòàöèèÈíòåðïðåòàöèÿ σ∗ ðàññøèðÿåò èíòåðïðåòàöèþ σ, åñëè
(σ, i) |= p → (σ∗, i) |= p

(σ, i) |= ¬p → (σ∗, i) |= ¬pÏðè ýòîì, σ∗ ìîæåò ïðèäàâàòü çíà÷åíèå ïðîïîçèöèîíàëüíûìïåðåìåííûì, êîòîðûì σ íå ïðèäàåò íèêàêîãî çíà÷åíèÿ.Íàïðèìåð, {a,¬b, x , y} ðàññøèðÿåò {a,¬b};
{¬a,¬b, x , y} íå ÿâëÿåòñÿ ðàññøèðåíèåì {a,¬b}.ÓïðàæíåíèåÏóñòü �îðìóëà ϕ∗ ïîëó÷åíà ïåðåèìåíîâàíèåì ïîä�îðìóë ϕ.Ëþáàÿ σ : σ |= ϕ ìîæåò áûòü ðàññøèðåíà äî σ∗: σ∗ |= ϕ∗;Äëÿ ëþáîé σ∗ : σ∗ |= ϕ∗ èìååò ìåñòî σ∗ |= ϕ. 16 / 33



Ïðåäñòàâëåíèå íåïîäâèæíîé òî÷êîéÏåðåèìåíîâàíèå ââîäèò èìïëèêàöèè âèäà
G(p → Gψ1); G(p → Xψ1);
G(p → ψ1Uψ2); G(p → Fψ1);
G(p → ψ1Wψ2);Çàìåòèì ÷òî

Gψ1 ≡ ψ1 ∧ XGψ1Ìû óæå èñïîëüçîâàëè ïîäîáíûå ýêâèâàëåíòíîñòè (äëÿCTL), ÷òîáû ïðåäñòàâèòü âðåìåííûå îïåðàòîðû â âèäåíåïîäâèæíîé òî÷êè.Òåïåðü ìû ââåäåì íîâûå ïåðåìåííûå. 17 / 33



G(p → Gψ1)Ïóñòü ψ = G(p → Gψ1). �àññìîòðèì
ψ∗ = G(p → r) ∧ G(r → Xr) ∧G(r → ψ1),ãäå r � íîâàÿ ïåðåìåííàÿ.ÒåîðåìàËþáàÿ σ : σ |= G(p → Gψ1) ìîæåò áûòü ðàññøèðåíà äî σ∗:

σ∗ |= ψ∗;Äëÿ ëþáîé σ∗ : σ∗ |= ψ∗ èìååò ìåñòî σ∗ |= G(p → ψ1).Äîêàçàòåëüñòâî (=⇒):Îïðåäåëèì (σ∗, i) |= r ⇐⇒ (σ, i) |= Gψ1

(⇐=):Çàìåòèì, ÷òî (σ∗, i) |= r âëå÷åò (σ∗, i) |= Gψ1 18 / 33



G(p → ψ1Uψ2)Ïóñòü ψ = G(p → ψ1Uψ2). �àññìîòðèì
ψ∗ =G(p → Fψ2)

∧G(p → (ψ1 ∧ s) ∨ ψ2)
∧G(s → X((ψ1 ∧ s) ∨ ψ2))ãäå s � íîâàÿ ïåðåìåííàÿ.ÒåîðåìàËþáàÿ σ : σ |= G(p → ψ1Uψ2) ìîæåò áûòü ðàññøèðåíà äî

σ∗: σ∗ |= ψ∗;Äëÿ ëþáîé σ∗ : σ∗ |= ψ∗ èìååò ìåñòî σ∗ |= G(p → ψ1Uψ2).Äîêàçàòåëüñòâî (=⇒):Îïðåäåëèì (σ∗, i) |= s ⇐⇒ (σ, i) |= (¬ψ2 ∧ ψ1Uψ2)

(⇐=):Çàìåòèì, ÷òî (σ∗, i) |= (s ∧ Fψ2) âëå÷åò (σ∗, i) |= ψ1Uψ2 19 / 33



G(p → ψ1Wψ2)Ïóñòü ψ = G(p → ψ1Wψ2). �àññìîòðèì
ψ∗ =G(p → (ψ1 ∧ s) ∨ ψ2)

∧G(s → X((ψ1 ∧ s) ∨ ψ2))ãäå s � íîâàÿ ïåðåìåííàÿ.ÒåîðåìàËþáàÿ σ : σ |= G(p → ψ1Wψ2) ìîæåò áûòü ðàññøèðåíà äî
σ∗: σ∗ |= ψ∗;Äëÿ ëþáîé σ∗ : σ∗ |= ψ∗ èìååò ìåñòî
σ∗ |= G(p → ψ1Wψ2). 20 / 33



Óñëîâíûå îáÿçàòåëüñòâàÎñòàëîñü ðàçîáðàòüñÿ ñ �îðìóëàìè âèäà
ψ = G(p → Fψ1)Èõ íàçûâàþò óñëîâíûìè îáÿçàòåëüñòâàìè.�àññìîòðèì

ψ∗ =G((p ∧ ¬ψ1) → w)∧
G((w ∧ X¬ψ1) → Xw)∧
GF¬wãäå w � íîâàÿ ïåðåìåííàÿ.ÒåîðåìàËþáàÿ σ : σ |= G(p → Fψ1) ìîæåò áûòü ðàññøèðåíà äî σ∗:

σ∗ |= ψ∗;Äëÿ ëþáîé σ∗ : σ∗ |= ψ∗ èìååò ìåñòî σ∗ |= G(p → Fψ1). 21 / 33



Óñëîâíûå îáÿçàòåëüñòâàÎñòàëîñü ðàçîáðàòüñÿ ñ �îðìóëàìè âèäà
ψ = G(p → Fψ1)Èõ íàçûâàþò óñëîâíûìè îáÿçàòåëüñòâàìè.�àññìîòðèì

ψ∗ =G((p ∧ ¬ψ1) → w)∧
G(w → X(ψ1 ∨ w))∧
GF¬wãäå w � íîâàÿ ïåðåìåííàÿ.ÒåîðåìàËþáàÿ σ : σ |= G(p → Fψ1) ìîæåò áûòü ðàññøèðåíà äî σ∗:

σ∗ |= ψ∗;Äëÿ ëþáîé σ∗ : σ∗ |= ψ∗ èìååò ìåñòî σ∗ |= G(p → Fψ1). 21 / 33



Äîêàçàòåëüñòâî (=⇒)

ψ = G(p → Fψ1);
ψ∗ = G((p ∧ ¬ψ1) → w) ∧ G((w ∧ X¬ψ1) → Xw) ∧ GF¬wÏóñòü σ |= {G(p → Fψ1)}. �àññìîòðèì äâà ñëó÷àÿ1 σ |= GFp.Çíà÷èò, σ |= GFψ1.Îïðåäåëèì (σ∗, i) |= ¬w ⇔ (σ, i) |= ψ2 σ |= FG¬p. �àññìîòðèì äâà ïîäñëó÷àÿ

σ |= G¬p.Îïðåäåëèì (σ∗, i) |= ¬w äëÿ âñåõ i ∈ N.Ñóùåñòâóåò j ∈ N ò.÷. (σ, j) |= p è äëÿ âñåõ i > j ,
(σ, i) |= ¬p. Òîãäà íàéäåòñÿ k > j ò.÷. (σ, k) |= ψ1.Îïðåäåëèì

(σ∗, i) |= ¬w ⇔ (σ∗, i) |= ψ1 åñëè i < k ,

(σ∗, i) |= ¬w åñëè i > k . 22 / 33



Äîêàçàòåëüñòâî (⇐=)

ψ = G(p → Fψ1);
ψ∗ = G((p ∧ ¬ψ1) → w) ∧ G((w ∧ X¬ψ1) → Xw) ∧ GF¬wÏóñòü σ∗ |= ψ∗. Ïðåäïîëîæèì, σ∗ 6|= G(p → Fψ1), òî åñòü,

σ∗ |= F(p ∧ G¬ψ1).Çíà÷èò, íàéäåòñÿ m ∈ N òàêîå ÷òî (σ∗,m) |= p è äëÿ âñåõ
n > m, (σ∗, n) |= ¬ψ1). Òîãäà äëÿ âñåõ n > m (σ∗, n) |= w .Ïðîòèâîðå÷èå.
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Ïðèìåð
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Ïîâåäåí÷åñêèé ãðà�Ïóñòü DSNF =< U ,I,S, E >. Ïóñòü sig(DSNF ) = Prop.Âåðøèíû ãðà�à G � èíòðåïðåòàöèè ïåðåìåííûõ Propòàêèå ÷òî L(v) |= U .Âåðøèíû v è v ′ ñîåäèíåíû äóãîé åñëèäëÿ êàæäîãî (P → XQ) ∈ S, åñëè L(v) |= P òî L(v ′) |= Q.Âåðøèíà v íàçûâàåòñÿ íà÷àëüíîé â G åñëè L(v) |= I ∪ U .Ïîâåäåí÷åñêèé ãðà� H äëÿ DSNF ýòî ìàêñèìàëüíûé ïîäãðà�
G , îïðåäåëÿåìûé ìíîæåñòâîì âåðøèí, äîñòèæèìûõ èçíà÷àëüíûõ. 25 / 33



Ïðèìåð
I =

{

a ∧ ¬l
}

U = ∅

E =
{

Fl
}

S =







a ∧ ¬l → X((a ∧ ¬l) ∨ (a ∧ l))
a ∧ l → X(¬a ∧ ¬l)
¬a ∧ ¬l → X(¬a ∧ ¬l)





PSfrag replaements
v0 v1 v2

L(v0) = {a,¬l}; L(v1) = {a, l}; L(v2) = {¬a,¬l}. 26 / 33



�åäóöèðîâàííûé ïîâåäåí÷åñêèé ãðà�
�åäóöèðîâàííûé ïîâåäåí÷åñêèé ãðà� HR ýòî ãðà�, ïîëó÷åííûéèç H ðåêóðñèâíûì óäàëåíèåì âñåõ âåðøèí v òàêèõ, ÷òî

v íå èìååò ïîòîìêàäëÿ êàêîé-òî Fl ∈ E , íå ñóùåñòâóåò ïóòè èç v â âåðøèíó v ′òàêóþ, ÷òî L(v ′) |= l .
27 / 33



Ïðèìåð
I =

{

a ∧ ¬l
}

U = ∅

E =
{

Fl
}

S =







a ∧ ¬l → X((a ∧ ¬l) ∨ (a ∧ l))
a ∧ l → X(¬a ∧ ¬l)
¬a ∧ ¬l → X(¬a ∧ ¬l)





PSfrag replaements
v0 v1 v2

L(v0) = {a,¬l}; L(v1) = {a, l}; L(v2) = {¬a,¬l}. 28 / 33
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�ðà�û è ìîäåëèËåììàÅñëè σ |= DSNF (ϕ) òî ñóùåñòâóåò ïóòü π â ãðà�å HR òàêîé ÷òî
σ(i) = π(i).ËåììàÏóñòü π � ïóòü â ãðà�å HR òàêîé, ÷òî êàæäàÿïðîïîçèöèîíàëüíàÿ ïåðåìåííàÿ l , ãäå Fl ∈ E , âñòðå÷àåòñÿ â πáåñêîíå÷íî ÷àñòî. Òîãäà π |= DSNF (ϕ)Ñëåäñòâèå: �îðìóëà DSNF (ϕ) âûïîëíèìà òîãäà è òîëüêîòîãäà, êîãäà HR íå ïóñò. 29 / 33



Ïîâåäåí÷åñêèé ãðà� êàê ñèñòåìà ïåðåõîäîâÏóñòü S = (Q,T , q0,L) � ñèñòåìà ïåðåõîäîâÏóñòü ϕ � LTL-�îðìóëà; DSNF (ϕ) = 〈U ,I,S, E〉;Çàìåòèì, ÷òî ðåäóöèðîâàííûé ïîâåäåí÷åñêèé ãðà� HRåñòü �îáîáùåííàÿ� ñèñòåìà ïåðåõîäîâ ñ óñëîâèÿìèñïðàâåäëèâîñòè.
SDSNF (ϕ) = (QDSNF ,TDSNF ,QDSNFI

,LDSNF )

S |= ϕ ⇐⇒ äëÿ ëþáîãî ïóòè σ ÷åðåç S íàéäåòñÿ ïóòü π÷åðåç SDSNF (ϕ) òàêîé, ÷òî π åñòü ðàñøèðåíèå σ è πóäîâëåòâîðÿåò óñëîâèÿì ñïðàâåäëèâîñòè. 30 / 33



Ñâåäåíèå ê ñóùåñòâîâàíèþ ïóòè â ïðîèçâåäåíèèÑèñòåìà ïåðåõîäîâ S = (Q,T , q0,L) è LTL �îðìóëà ϕ.�àññìîòðèì îòðèöàíèå �îðìóëû ϕ è ïîñòðîèì
SDSNF (¬ϕ) = (QDSNF ,TDSNF ,Q0DSNF ,LDSNF )Ïîñòðîèì äåêàðòîâî ïðîèçâåäåíèå
S∗(Q∗,T ∗,Q∗

0 ,L
∗) = S × SD :

Q∗ = {(q, qD) | LD(qD) ðàñøèðÿåò L(q)},

T ∗ = {(q, qD) → (q′, q′
D) | (q → q′) ∈ T , (qD → q′

D) ∈ Td},

Q∗
0 = {(q0, q0D) | q0D ∈ Q0D},

L∗(q, qD) = LD(qD).Îïðåäåëèì óñëîâèÿ ñïðàâåäëèâîñòè C (èñõîäÿ èç E) äëÿäàííîé ñèñòåìû èÅñëè â S∗ ñóùåñòâóåò áåñêîíå÷íûé ïóòü óäîâëåòâîðÿþùèéóñëîâèÿì ñïðàâåäëèâîñòè, òî â S ñóùåñòâóåò ïóòüóäîâëåòâîðÿþùèé ¬ϕ. 31 / 33



Ñâåäåíèå ê ñóùåñòâîâàíèþ ïóòè â ïðîèçâåäåíèè
�Åñëè â S∗ ñóùåñòâóåò áåñêîíå÷íûé ïóòü óäîâëåòâîðÿþùèéóñëîâèÿì ñïðàâåäëèâîñòè, òî â S ñóùåñòâóåò ïóòüóäîâëåòâîðÿþùèé ¬ϕ�Ñâîäèòñÿ ê ïðîâåðêå CTL �îðìóëû EGTrue ñ óñëîâèÿìèñïðàâåäëèâîñòè.Ñëîæíîñòü: O(|S | · 2|ϕ|)
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Êàê ýòî äåëàåò NuSMV?
Ââåäåíèå îäíîé ïåðåìåííîé óäâàèâàåò ÷èñëî âåðøèíïîâåäåí÷åñêîãî ãðà�à.NuSMV íå ïðèâîäèò LTL �îðìóëû ê DSNF.Â îñòàëüíîì � òàê æå.
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