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This talk



The logic EF

Formulas ϕ of the logic EF are given by the following grammar

ϕ ::= true | ¬ϕ | ϕ ∧ ϕ | 〈a〉ϕ | EFϕ,

where a ranges over a set of labels Σ.



The logic EF

Formulas ϕ of the logic EF are given by the following grammar

ϕ ::= true | ¬ϕ | ϕ ∧ ϕ | 〈a〉ϕ | EFϕ,

where a ranges over a set of labels Σ.

Let T = (S , {→a| a ∈ Σ}) be a transition system.



The logic EF

Formulas ϕ of the logic EF are given by the following grammar

ϕ ::= true | ¬ϕ | ϕ ∧ ϕ | 〈a〉ϕ | EFϕ,

where a ranges over a set of labels Σ.

Let T = (S , {→a| a ∈ Σ}) be a transition system.

For each state s ∈ S and ϕ ∈ EF define s |= ϕ inductively:



The logic EF

Formulas ϕ of the logic EF are given by the following grammar

ϕ ::= true | ¬ϕ | ϕ ∧ ϕ | 〈a〉ϕ | EFϕ,

where a ranges over a set of labels Σ.

Let T = (S , {→a| a ∈ Σ}) be a transition system.

For each state s ∈ S and ϕ ∈ EF define s |= ϕ inductively:

s |= true for all s ∈ S



The logic EF

Formulas ϕ of the logic EF are given by the following grammar

ϕ ::= true | ¬ϕ | ϕ ∧ ϕ | 〈a〉ϕ | EFϕ,

where a ranges over a set of labels Σ.

Let T = (S , {→a| a ∈ Σ}) be a transition system.

For each state s ∈ S and ϕ ∈ EF define s |= ϕ inductively:

s |= true for all s ∈ S

s |= ¬ϕ ⇐⇒ s 6|= ϕ



The logic EF

Formulas ϕ of the logic EF are given by the following grammar

ϕ ::= true | ¬ϕ | ϕ ∧ ϕ | 〈a〉ϕ | EFϕ,

where a ranges over a set of labels Σ.

Let T = (S , {→a| a ∈ Σ}) be a transition system.

For each state s ∈ S and ϕ ∈ EF define s |= ϕ inductively:

s |= true for all s ∈ S

s |= ¬ϕ ⇐⇒ s 6|= ϕ

s |= ϕ1 ∧ ϕ2 ⇐⇒ s |= ϕ1 and s |= ϕ2



The logic EF

Formulas ϕ of the logic EF are given by the following grammar

ϕ ::= true | ¬ϕ | ϕ ∧ ϕ | 〈a〉ϕ | EFϕ,

where a ranges over a set of labels Σ.

Let T = (S , {→a| a ∈ Σ}) be a transition system.

For each state s ∈ S and ϕ ∈ EF define s |= ϕ inductively:

s |= true for all s ∈ S

s |= ¬ϕ ⇐⇒ s 6|= ϕ

s |= ϕ1 ∧ ϕ2 ⇐⇒ s |= ϕ1 and s |= ϕ2

s |= 〈a〉ϕ ⇐⇒ ∃t ∈ S : s →a t and t |= ϕ



The logic EF

Formulas ϕ of the logic EF are given by the following grammar

ϕ ::= true | ¬ϕ | ϕ ∧ ϕ | 〈a〉ϕ | EFϕ,

where a ranges over a set of labels Σ.

Let T = (S , {→a| a ∈ Σ}) be a transition system.

For each state s ∈ S and ϕ ∈ EF define s |= ϕ inductively:

s |= true for all s ∈ S

s |= ¬ϕ ⇐⇒ s 6|= ϕ

s |= ϕ1 ∧ ϕ2 ⇐⇒ s |= ϕ1 and s |= ϕ2

s |= 〈a〉ϕ ⇐⇒ ∃t ∈ S : s →a t and t |= ϕ

s |= EFϕ ⇐⇒ ∃t ∈ S : s →∗ t and t |= ϕ

where →= ∪a ∈ Σ →a
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MMA: MinMax Arithmetic

Formulas of MMA are given as follows, where a, b ∈ N:

α ::= ≡ a mod b | ≥ b | ¬α | α ∧ α | ≥ minα | ≥ maxα

Important for our translation later:

Formulas are given as directed acyclic graphs!

Note on expressiveness

The sets definable in MMA are precisely the sets definable in
Presburger Arithmetic.
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Membership in MMA

Lemma (Periodicity of MMA)

The following is computable in polynomial time:

Input: An MMA formula α

Output: Threshold t and period p such that for all n1, n2 > t:

n1 ≡ n2 mod p =⇒ (n1 ∈ [[α]] ⇔ n2 ∈ [[α]])

Proposition (membership problem for MMA)

The following problem is in PNP:

Input: n ∈ N in binary, α ∈ MMA
Question: n ∈ [[α]]?

Proof.

Successively eliminate min and max operators by replacing them
with constants: Doable in PNP.
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From model checking to MMA-membership

An example for translating EFϕ

Transitions: q0A
−
−→ q2 q2A

−
−→ q1 q1A

−
−→ q0

Assume we have already computed:

α(qi , ϕ) = {n ∈ N | (qi , n) |= ϕ} for each i ∈ {0, 1, 2}

How to define α(q0,EFϕ)?

∨

b∈{0,1,2}

≡ b mod 3 ∧

(

≥ min( ≡ b mod 3 ∧ α(q0, ϕ)) ∨

≥ min( ≡ b + 1 mod 3 ∧ α(q1, ϕ))∨

≥ min( ≡ b + 2 mod 3 ∧ α(q2, ϕ))

)
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Main result on weak bisimilarity

Theorem

The following problem is complete for PNP:

Weak Bisimilarity Checking Against Finite Systems

Input: State s of a one-counter process, state t of a finite

transition system.

Question: s ≈ t?

Remarks:

◮ Upper bound: Reduction to EF model checking over
one-counter processes (formulas represented as dags).

◮ Lower bound: Involved reduction from DSAT:

Input: xi = ∃Yi : ϕi (x1, . . . , xi−1,Yi), where 1 ≤ i ≤ n

Question: xn = 1?
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Verification of one-counter processes: Outlook

Theorem (G., Lohrey 2009)

CTL model checking over one-counter processes is PSPACE-hard,

even if one fixes either the formula or the one-counter processes.

Open problems:

◮ Model checking fixed EF formulas over one-counter processes:
PNP[log]-hard and in PNP

◮ Weak bisimilarity against fixed finite systems:
PNP[log]-hard and in PNP


