
GR(1) contract
C = (I,O,A,G), where
A,G = init ∧□ inv ∧□♢ liv
bounded-next cores

Emergency braking

CS CV CD

d, URG, WRN z

internal p̄: u, modes, v

GR(1) contract algebra CAVE calls ∀ Ref ∃ Rel

‖ Composition relaxation

∀ Ac = A ∧ Ref(A ∧G, A′)
∃ Gc = Rel(Ac,Rel(G′, G) ∧ Rel(G,G′))

/ Quotient refinement

∃ Aq = Rel(G′, A) if A ⇒ A′

∀ Gq = Ref(A, Ref(G′, G) ∧A′)

• Merging exact

Am = A ∧A′, Gm = G ∧G′

liv cores kept separate; no elimination

≤ Refinement check sound

A′ ⇒ A and A′ ∧G ⇒ G′

certificates Kh =
∧

k≤h ©kSinv

Computed contract
Cres ∈ GR(1), p̄-free
e.g. CS ‖ CV ‖ CD exposes
A inv clear ⇒ d ≥ 20
clear := ¬(URG ∨ WRN)

Refinement verdict
certified not established

e.g. CS ‖ CV ≤ CT
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1 Split by bucket
init γinit ∧ Γ[0:h]

inv ⇒ ϕinit

inv Γ[0:h]
inv ⇒ ϕinv

liv Γ[0:h]
inv (∧ γliv,j) ⇒ ϕi

2 Window & flatten exact
γinv

©γinv

ϕinv target

Γ[0:hB ]
inv

k

p̄0, q̄0 p̄1, q̄1 p̄2, q̄2

©kx 7→ xk (finite SMT formula)

3 SMT elimination
∀ ∀p̄. (F ♭ ⇒ χ♭) weakest
∃ ∃p̄. (F ♭ ∧ χ♭) strongest

one Z3 call per subproblem

4 ∀ Refinement CAVE sound

init η inv □η liv □♢ψ or □ψ
Ψref = □(e ∨ s) ∧ □♢e exact here

4 ∃ Relaxation CAVE sound

init η inv □η liv
∧

ρ □♢ρ
Ψrel = □(q ∨ s) ∧ □♢q exact here

query (Γ, ϕ, p̄) p̄-free Ψ ∈ GR(1)exact QE can leave GR(1): ∀p. (□♢p ⇒ □♢(p ∧ s)) ≡ ♢□s

Example p̄ = {p}, e := q ∧ ©¬q
Γ = □((e ⇒ ©p) ∧ (©p ⇒ q))
ϕ = □(©p ∨ s) ∧ □♢©p Example ϕ♭

inv = p1 ∨ s0

Example ∀ refine ∃ relax

inv e0 ∨ s0 q0 ∨ s0

liv e0 q0


