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Symbolic Model Checking for LTL using SNF
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Abstract: The Separated Normal Form (SNF) for LTL has already been successfully used for bounded model checking [2] as part of the encoding. We show
how it can also be used as part of a symbolic model checking procedure for LTL by first building an automata to represent the SNF.

SNF for LTL
SNF is definined by Fisher [1], based on the Separation Theorem of Gabbay [3].
A series of transformations based on the fixpoint characterisations of LTL op-
erators converts an LTL expression in negation normal form into a conjunction
of rules of the form:
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Each Pi ⇒ Fi can be (li and l j are literals):
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Example transformations

TG({P⇒ G f } ∪ Ψ) =

{

P⇒ f ∧ x
x⇒ Xl ( f ∧ x)

}

∪ Ψ

TU({P⇒ f U g} ∪ Ψ) =
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P⇒ g ∨ ( f ∧ x)
x⇒ X (g ∨ ( f ∧ x))
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Tren1({P⇒ G f (F g)} ∪ Ψ) =

{

P⇒ G f (x)
x⇒ F g

}

∪ Ψ

The Fixpoint Form
SNF only transforms least fixpoint operators: eventually (F) is left unchanged.
The advantage of SNF for bounded model checking comes from changing infi-
nite operators to next-time operators in the transformations above.
We added an extra transformation in [2] to get the Fixpoint Form:
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P⇒ f ∨ x
x⇒ X ( f ∨ x)

bound⇒ f ∨ ¬x
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This means that the next time (X) operator is the only temporal operator re-
maining. Each rule now connects two successive states — we are very close to
an automaton already.

Translation to Automata
For a given type of rule, we can write down the corresponding property of
the automata. S is a set of states; R : S → S is the transition relation;
L : S → P(AP) is the labelling function; and I is the set of initial states.
• Propositional rules

∧

i li ⇒
∨

j l j become invariants:

∀s ∈ S , (∃l ∈ li · l < L(s)) ∨ (∃l ∈ l j · l ∈ L(s))

• Initial rules start⇒
∨

j l j become constraints on the set of initial states:

I ⊆ {s|s ∈ S ∧ ∃l ∈ l j · l ∈ L(s)}

•Global X rules
∧

i li ⇒ X
∨

j l j become constraints over transitions:

R ⊆ {(s0, s1)|s0, s1 ∈ S ∧ (∃l ∈ li · l < L(s0)) ∨ (∃l ∈ l j · l ∈ L(s1))}
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Example 1: Automata for G(a→ F b); unreachable ¬x state are
omitted. Fairness condition is ¬z ∨ b

The bound Operator
We characterise the eventually (F) operator by F x↔ x ∨ X F x, and hence

y↔ x ∨ X y and F x↔ y

In a loop in which x is false, the value of y depends only on the successive
value of y: it could incorrectly take the value true.bound rules represent the

constraint that eventually formulæ do eventually become true. In the bounded
model checking case this implicitly means “before the bound”. In the symbolic
model checking case we assert that we can’t get stuck in an infinite loop unless
the formula is true.

A rule of the form bound ⇒
∨

j l j becomes a restriction to fair paths in which
∨

j l j holds.
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Example 2: Automata for F a. The fairness condition a ∨ ¬x
determines the acceptance state

Examples

Example 1 : G(a→ F b) Example 2 : F a
start⇒ x ∧ (¬a ∨ y) y⇒ z ∨ b start⇒ a ∨ x

x⇒ X x ∧ (¬a ∨ y) z⇒ X z ∨ b x⇒ X a ∨ x
bound⇒ b ∨ ¬z bound⇒ a ∨ ¬x
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