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CPS

• Possibilidade de executar o algoritmo passo-a-passo.

• Evitar o overflow da stack.
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Tranformação em CPS CPS

1.

Correcção em Why3 de algoritmos directos, CPS e desfuncionalizados de transformação de
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Desfuncionalização
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Apêndice



Código Why3



Módulo Fórmula Código Why3

module Formula

use list.List

type ident

type formula =

| FVar ident

| FConst bool

| FAnd formula formula

| FOr formula formula

| FImpl formula formula

| FNeg formula

type formula_wi =

| FVar_wi ident

| FConst_wi bool

| FAnd_wi formula_wi formula_wi

| FOr_wi formula_wi formula_wi

| FNeg_wi formula_wi

end
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Módulo Predicates Código Why3

module Predicates

use Formula

predicate wf_negations_of_literals (f: formula_wi)

= match f with

| FNeg_wi f → (

match f with

| FOr_wi _ _ | FAnd_wi _ _ | FNeg_wi _ → false

| _ → wf_negations_of_literals f

end)

| FOr_wi f1 f2 | FAnd_wi f1 f2 → wf_negations_of_literals f1 ∧ wf_negations_of_literals f2

| FVar_wi _ → true

| FConst_wi _ → true

end
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Módulo Predicates Código Why3

predicate wf_disjunctions (f: formula_wi)

= match f with

| FAnd_wi _ _ → false

| FOr_wi f1 f2 → wf_disjunctions f1 ∧ wf_disjunctions f2

| FConst_wi _ → true

| FVar_wi _ → true

| FNeg_wi f1 → wf_disjunctions f1

end

predicate wf_conjunctions_of_disjunctions (f: formula_wi)

= match f with

| FAnd_wi f1 f2 → wf_conjunctions_of_disjunctions f1 ∧ wf_conjunctions_of_disjunctions f2

| FOr_wi f1 f2 → wf_disjunctions f1 ∧ wf_disjunctions f2

| FConst_wi _ → true

| FVar_wi _ → true

| FNeg_wi f1 → wf_conjunctions_of_disjunctions f1

end
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Módulo Predicates Código Why3

constant f1 : formula_wi =

FAnd_wi (FOr_wi (FConst_wi true) (FConst_wi false))

(FOr_wi (FAnd_wi (FConst_wi true)(FConst_wi false)) (FConst_wi true))

constant f2 : formula_wi =

FAnd_wi (FOr_wi (FConst_wi true) (FConst_wi false))

(FOr_wi (FAnd_wi (FConst_wi true)(FConst_wi false)) (FConst_wi true))

constant f3 : formula_wi =

FOr_wi f2 f1

goal G : wf_conjunctions_of_disjunctions f3

end
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Módulo Valuation Código Why3

module Valuation

use Formula, list.List

type valuation = ident → bool

let rec function eval (v: valuation) (f: formula) : bool

variant { f }

= match f with

| FVar x → v x

| FConst b → b

| FAnd f1 f2 → eval v f1 && eval v f2

| FOr f1 f2 → eval v f1 || eval v f2

| FImpl f1 f2 → not (eval v f1) || eval v f2

| FNeg f → not (eval v f)

end

let rec function eval_wi (v: valuation) (f: formula_wi) : bool

variant { f }

= match f with

| FVar_wi x → v x

| FConst_wi b → b

| FAnd_wi f1 f2 → eval_wi v f1 && eval_wi v f2

| FOr_wi f1 f2 → eval_wi v f1 || eval_wi v f2

| FNeg_wi f → not (eval_wi v f)

end
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Módulo T Código Why3

module T

use Formula, Valuation, Predicates

let rec impl_free (phi: formula) : formula_wi

variant { phi }

ensures { forall v. eval v phi = eval_wi v result }

= match phi with

| FNeg phi1 → FNeg_wi (impl_free phi1)

| FOr phi1 phi2 → FOr_wi (impl_free phi1) (impl_free phi2)

| FAnd phi1 phi2 → FAnd_wi (impl_free phi1) (impl_free phi2)

| FImpl phi1 phi2 → FOr_wi (FNeg_wi (impl_free phi1)) (impl_free phi2)

| FConst phi → FConst_wi phi

| FVar phi → FVar_wi phi

end
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Módulo T Código Why3

use int.Int

function size (phi: formula_wi) : int = match phi with

| FVar_wi _ | FConst_wi _ → 1

| FNeg_wi phi → 1 + size phi

| FAnd_wi phi1 phi2 | FOr_wi phi1 phi2 →
1 + size phi1 + size phi2

end

let rec lemma size_nonneg (phi: formula_wi)

variant { phi }

ensures { size phi ≥ 0 }

= match phi with

| FVar_wi _ | FConst_wi _ → ()

| FNeg_wi phi → size_nonneg phi

| FAnd_wi phi1 phi2 | FOr_wi phi1 phi2 →
size_nonneg phi1; size_nonneg phi2

end
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Módulo T Código Why3

let rec nnfc (phi: formula_wi)

variant { size phi }

ensures { (forall v. eval_wi v phi = eval_wi v result) ∧ wf_negations_of_literals result}

= match phi with

| FNeg_wi (FNeg_wi phi1) → nnfc phi1

| FNeg_wi (FAnd_wi phi1 phi2) → FOr_wi (nnfc (FNeg_wi phi1)) (nnfc (FNeg_wi phi2))

| FNeg_wi (FOr_wi phi1 phi2) → FAnd_wi (nnfc (FNeg_wi phi1)) (nnfc (FNeg_wi phi2))

| FOr_wi phi1 phi2 → FOr_wi (nnfc phi1) (nnfc phi2)

| FAnd_wi phi1 phi2 → FAnd_wi (nnfc phi1) (nnfc phi2)

| phi → phi

end
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Módulo T Código Why3

lemma aux: forall x. wf_conjunctions_of_disjunctions x ∧
wf_negations_of_literals x ∧ not (exists f1 f2. x = FAnd_wi f1 f2) →
wf_disjunctions x

let rec distr (phi1 phi2: formula_wi)

requires{ wf_negations_of_literals phi1 ∧ wf_negations_of_literals phi2}

requires{ wf_conjunctions_of_disjunctions phi1 ∧ wf_conjunctions_of_disjunctions phi2}

variant { size phi1 + size phi2 }

ensures { (forall v. eval_wi v (FOr_wi phi1 phi2) = eval_wi v result) } (* EVAL *)

ensures { wf_negations_of_literals result ∧ wf_conjunctions_of_disjunctions result }

= match phi1, phi2 with

| FAnd_wi phi11 phi12, phi2 → FAnd_wi (distr phi11 phi2) (distr phi12 phi2)

| phi1, FAnd_wi phi21 phi22 → FAnd_wi (distr phi1 phi21) (distr phi1 phi22)

| phi1,phi2 → FOr_wi phi1 phi2

end
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Módulo T Código Why3

let rec cnfc (phi: formula_wi)

requires{ wf_negations_of_literals phi }

variant { phi }

ensures{ (forall v. eval_wi v phi = eval_wi v result) ∧ wf_negations_of_literals result}

ensures{ wf_conjunctions_of_disjunctions result}

= match phi with

| FOr_wi phi1 phi2 → distr (cnfc phi1) (cnfc phi2)

| FAnd_wi phi1 phi2 → FAnd_wi (cnfc phi1) (cnfc phi2)

| phi → phi

end

let t (phi: formula) : formula_wi

ensures { (forall v. eval v phi = eval_wi v result) ∧ wf_negations_of_literals result ∧
wf_conjunctions_of_disjunctions result}

= cnfc (nnfc (impl_free phi))
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OCaml - Código extráıdo



Implementação OCaml Código OCaml Extráıdo

type ident = string

type formula =

| FVar of ident

| FConst of bool

| FAnd of formula * formula

| FOr of formula * formula

| FImpl of formula * formula

| FNeg of formula

type formula_wi =

| FVar_wi of ident

| FConst_wi of bool

| FAnd_wi of formula_wi * formula_wi

| FOr_wi of formula_wi * formula_wi

| FNeg_wi of formula_wi
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Implementação OCaml Código OCaml Extráıdo

let rec impl_free (phi: formula) : formula_wi =

begin match phi with

| FNeg phi1 -> FNeg_wi (impl_free phi1)

| FOr (phi1 , phi2) -> FOr_wi (( impl_free phi1), (impl_free phi2))

| FAnd (phi1 , phi2) -> FAnd_wi (( impl_free phi1), (impl_free phi2))

| FImpl (phi1 , phi2) -> FOr_wi (( FNeg_wi (impl_free phi1)), (impl_free phi2))

| FConst phi1 -> FConst_wi phi1

| FVar phi1 -> FVar_wi phi1

end

let rec nnfc (phi: formula_wi) : formula_wi =

begin match phi with

| FNeg_wi FNeg_wi phi1 -> nnfc phi1

| FNeg_wi FAnd_wi (phi1 , phi2) -> FOr_wi ((nnfc (FNeg_wi phi1)), (nnfc (FNeg_wi phi2 )))

| FNeg_wi FOr_wi (phi1 , phi2) -> FAnd_wi ((nnfc (FNeg_wi phi1)), (nnfc (FNeg_wi phi2 )))

| FOr_wi (phi1 , phi2) -> FOr_wi ((nnfc phi1), (nnfc phi2))

| FAnd_wi (phi1 , phi2) -> FAnd_wi ((nnfc phi1), (nnfc phi2))

| phi1 -> phi1

end
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Implementação OCaml Código OCaml Extráıdo

let rec distr (phi1: formula_wi) (phi2: formula_wi) : formula_wi =

begin match (phi1 , phi2) with

| (FAnd_wi (phi11 , phi12), phi21) ->

let o = distr phi12 phi21 in let o1 = distr phi11 phi21 in FAnd_wi (o1, o)

| (phi11 , FAnd_wi (phi21 , phi22)) ->

let o = distr phi11 phi22 in let o1 = distr phi11 phi21 in FAnd_wi (o1, o)

| (phi11 , phi21) -> FOr_wi (phi11 , phi21)

end

let rec cnfc (phi: formula_wi) : formula_wi =

begin match phi with

| FOr_wi (phi1 , phi2) -> let o = cnfc phi2 in let o1 = cnfc phi1 in distr o1 o

| FAnd_wi (phi1 , phi2) ->

let o = cnfc phi2 in let o1 = cnfc phi1 in FAnd_wi (o1, o)

| phi1 -> phi1

end

let t (phi: formula) : formula_wi = cnfc (nnfc (impl_free phi))
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Implementação OCaml Código OCaml Extráıdo

type valuation = ident -> (bool)

let rec eval (v: ident -> (bool)) (f: formula) : bool =

begin match f with

| FVar x -> v x

| FConst b -> b

| FAnd (f1 , f2) -> (eval v f1) && (eval v f2)

| FOr (f1, f2) -> (eval v f1) || (eval v f2)

| FImpl (f1, f2) -> (not (eval v f1)) || (eval v f2)

| FNeg f1 -> not (eval v f1)

end

let rec eval_wi (v: ident -> (bool)) (f: formula_wi) : bool =

begin match f with

| FVar_wi x -> v x

| FConst_wi b -> b

| FAnd_wi (f1, f2) -> (eval_wi v f1) && (eval_wi v f2)

| FOr_wi (f1, f2) -> (eval_wi v f1) || (eval_wi v f2)

| FNeg_wi f1 -> not (eval_wi v f1)

end
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