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Fairness Hypotheses
Hypotheses on the system to verify.E.g.: two independent proesses running on the same host get a�run slie� in�nitely often (alternative: model the host'ssheduler too)

Duret-Lutz, Poitrenaud, Couvreur Emptiness Chek of TSA 6 / 16



Fairness Hypotheses
Hypotheses on the system to verify.E.g.: two independent proesses running on the same host get a�run slie� in�nitely often (alternative: model the host'ssheduler too)These hypotheses are onstraints for the emptiness hek.We want a ounterexample where both proesses are progressingin�nitely often.We an ignore runs where one proess is stuk.
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Expressing Weak and Strong Fairness with LTLweak fairness If something happens ontinuously, something else willhappen in�nitely often. FG en → GF o = GF(¬en ∨ o)strong fairness If something happens in�nitely often, something elsewill happen in�nitely often. GF en → GF o
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AM ⊗A¬(fairness→prop) =AM ⊗Afairness∧¬prop
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TGBA for GF(¬en ∨ o) (Weak Fairness)
¬en ∨ o
en ∧ ¬oF = { }

Bühi aeptane onditions orrespond to formulæ suh as GF a.In fat, any formula of the form ∧ni=1GF(¬eni ∨ o i) an betranslated into a 1-state deterministi TGBA (with 2n transitions,and n aeptane onditions).
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TGBA for GF en → GF o (Strong Fairness)
⊤o¬o ¬en ¬en ⊤

¬eno¬o
F = { , }

Above is automatially generated. It gets worse for more hypotheses:
∧ni=1(GF eni → GF o i) leads to 3n + 1 states. We don't know ofan LTL translator that does better.Using an ad ho onstrution we an build a TGBA with 2n + 1states. We have 2O(n) transitions in both ases.Strong fairness is ostly: Afairness adds an exponential blowup inAM ⊗ Afairness ⊗ A¬prop .Duret-Lutz, Poitrenaud, Couvreur Emptiness Chek of TSA 9 / 16
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Emptiness Chek for Streett AutomataThe basi idea (using SCCs) has been known for a long time(Lihtenstein and Pnueli in 1985, Emerson and Lei in 1987).Our algorithm is lose to that of Latvala and Heljanko (2000).Their algorithm work for state-based Streett automata.E.g. using F = {( , ), ( , )}1 Build a list of all the reahable SCCs of the automata.2 While the list isn't empty, pik an SCC o� the list and do:If it's a trivial SCC (single state without self-loop), drop it.If the aeptane onditions of all the states in the SCC veri�es
⇒ ∧ ⇒ , then report non-emptiness.Otherwise, there exists some bad states in the SCC: stateslabeled by a left-olor with no right-olor math in the SCC.Erase these bad statesReompute the SCCs from the remaining states, and add themto the list of SCCs.3 One the list is empty, report emptiness.Duret-Lutz, Poitrenaud, Couvreur Emptiness Chek of TSA 12 / 16



What Do We Want?
An algorithm that will work with on-the-�y onstrutions: let'snot onstrut all SCCs unless neessary. This part is rather easy.A transition-based algorithm. Beause it is harder to erase atransition (espeially sine we work on the �y) we will usebarriers.
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Emptiness of Transition-based Streett AutomataFor Bühi, we look for SCCs whose aeptane onditions verify
∧ ∧ ∧ .For Streett they must verify something like ⇒ ∧ ⇒ .
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FinallyTo be orret, has to be ombined with a variant of heuristi H2(ordering suessors SCC-wise)�Barriers� must be rossed only after all normal suessors havebeen visited.Slowdown (w.r.t. generalized Bühi emptiness hek):SCC are revisited at worst m times if m pairs of aeptaneonditions.Compare with the 2m + 1 states of the Bühi automaton for theorresponding LTL formula...Our motivation was fairness hypotheses, but what about running thewhole approah using Streett automata? Streett automata areexponentially more suint than Bühi automata, but an wetranslate LTL to Streett e�iently?Duret-Lutz, Poitrenaud, Couvreur Emptiness Chek of TSA 15 / 16



A small LTL formula...
(

(GF p0 → GF p1) ∧ (GF p2 → GF p0) ∧
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(GF p5 → GF p3) ∧ (GF p6 → GF(p5 ∨ p4)) ∧
(GF p7 → GF p6) ∧ (GF p1 → GF p7)) → GF p8How many states to enode the negation in a Bühi automaton?
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(GF p7 → GF p6) ∧ (GF p1 → GF p7)) → GF p8How many states to enode the negation as a Streett automaton?Formula of the form ψ → ϕ where ψ is a strong fairness hypothesis.

A¬(ψ→ϕ) = Aψ ⊗A¬ϕ

Aψ: 1-state deterministi Streett automaton with 8 pairs of a.ond.
A¬ϕ = AFG¬p8 : 2-state Bühi automaton with 1 a.ond.Therefore A¬(ψ→ϕ) an be represented as a 2-state Streettautomaton with 9 pairs of a.ond.Duret-Lutz, Poitrenaud, Couvreur Emptiness Chek of TSA 16 / 16
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