
⟨ skip | σ ⟩ −↠ σ
(skip)

⟨ x := a | σ ⟩ −↠ σ[x 7→ JaKAexp
σ ]

(set)

⟨ c1 | σ ⟩ −↠ σ′ ⟨ c2 | σ′ ⟩ −↠ σ′′

⟨ c1; c2 | σ ⟩ −↠ σ′′ (seq)

⟨ c1 | σ ⟩ −↠ σ′

⟨ if b then c1 else c2 | σ ⟩ −↠ σ′ (if⊤) si JbKBexp
σ = ⊤

⟨ c2 | σ ⟩ −↠ σ′

⟨ if b then c1 else c2 | σ ⟩ −↠ σ′ (if⊥) si JbKBexp
σ = ⊥

⟨ c | σ ⟩ −↠ σ′ ⟨ while b do c | σ′ ⟩ −↠ σ′′

⟨ while b do c | σ ⟩ −↠ σ′′ (while⊤) si JbKBexp
σ = ⊤

⟨ while b do c | σ ⟩ −↠ σ
(while⊥) si JbKBexp

σ = ⊥

Figure 1: Règles de l’évaluation des commandes.

⟨ x | σ ⟩ −→ ⟨ σ(x) | σ ⟩

⟨ a1 | σ ⟩ −→ ⟨ a′1 | σ′ ⟩
⟨ a1 + a2 | σ ⟩ −→ ⟨ a′1 + a2 | σ′ ⟩

⟨ a1 | σ ⟩ −→ ⟨ a′1 | σ′ ⟩
⟨ a1 * a2 | σ ⟩ −→ ⟨ a′1 * a2 | σ′ ⟩

⟨ a | σ ⟩ −→ ⟨ a′ | σ′ ⟩
⟨ n + a | σ ⟩ −→ ⟨ n + a′ | σ′ ⟩

⟨ a | σ ⟩ −→ ⟨ a′ | σ′ ⟩
⟨ n * a | σ ⟩ −→ ⟨ n * a′ | σ′ ⟩

⟨ m + n | σ ⟩ −→ ⟨ m+ n | σ ⟩ ⟨ m * n | σ ⟩ −→ ⟨ m× n | σ ⟩

Figure 2: Règles de réduction des expressions arithmétiques.
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⟨ a1 | σ ⟩ −→ ⟨ a′1 | σ′ ⟩
⟨ a1 < a2 | σ ⟩ −→ ⟨ a′1 < a2 | σ′ ⟩

⟨ a | σ ⟩ −→ ⟨ a′ | σ′ ⟩
⟨ n < a | σ ⟩ −→ ⟨ n < a′ | σ′ ⟩

⟨ b | σ ⟩ −→ ⟨ b′ | σ′ ⟩
⟨ not b | σ ⟩ −→ ⟨ not b′ | σ′ ⟩

⟨ m < n | σ ⟩ −→ ⟨ true | σ ⟩
si m < n

⟨ not false | σ ⟩ −→ ⟨ true | σ ⟩

⟨ m < n | σ ⟩ −→ ⟨ false | σ ⟩
si m ⩾ n

⟨ not true | σ ⟩ −→ ⟨ false | σ ⟩

Figure 3: Règles de réduction des expressions booléennes.

⟨ a | σ ⟩ −→ ⟨ a′ | σ′ ⟩
⟨ x := a | σ ⟩ −→ ⟨ x := a′ | σ′ ⟩

(set)

⟨ x := n | σ ⟩ −→ ⟨ skip | σ[x 7→ n] ⟩
(setn)

⟨ c1 | σ ⟩ −→ ⟨ c′1 | σ′ ⟩
⟨ c1; c2 | σ ⟩ −→ ⟨ c′1; c2 | σ′ ⟩

(seqg) ⟨ skip; c | σ ⟩ −→ ⟨ c | σ ⟩
(seqd)

⟨ b | σ ⟩ −→ ⟨ b′ | σ′ ⟩
⟨ if b then c1 else c2 | σ ⟩ −→ ⟨ if b′ then c1 else c2 | σ′ ⟩

(if)

⟨ if true then c1 else c2 | σ ⟩ −→ ⟨ c1 | σ ⟩
(if⊤)

⟨ if false then c1 else c2 | σ ⟩ −→ ⟨ c2 | σ ⟩
(if⊥)

⟨ while b do c | σ ⟩ −→ ⟨ if b then (c; while b do c) else skip | σ ⟩
(while)

Figure 4: Règles de réduction des commandes.
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Γ ⊢ n : int
(int)

Γ ⊢ b : bool
(bool)

(x : A) ∈ Γ

Γ ⊢ x : A
(var)

Γ ⊢ add : int× int ⇒ int
(add)

Γ, x : A ⊢ t : B

Γ ⊢ fun x → t : A ⇒ B
(fun)

Γ ⊢ t : A ⇒ B Γ ⊢ u : A

Γ ⊢ t u : B
(app)

Γ ⊢ fst : A×B ⇒ A
(fst)

Γ ⊢ t : A Γ ⊢ u : B

Γ ⊢ (t,u) : A×B
(pair)

Γ ⊢ snd : A×B ⇒ B
(snd)

Figure 5: Règles de typage.

n −↠ n
(int)

b −↠ b
(bool)

add −↠ add
(add)

t −↠ add u −↠ (m,n)

t u −↠ m+ n
(sum)

(fun x → t) −↠ (fun x → t)
(fun)

t −↠ (fun x → t′) u −↠ u′ t′[x 7→ u′] −↠ v

t u −↠ v
(app)

t −↠ t′ u −↠ u′

(t,u) −↠ (t′,u′)
(pair)

fst −↠ fst
(fst)

t −↠ fst u −↠ (v1,v2)

t u −↠ v1
(fstp)

snd −↠ snd
(snd)

t −↠ snd u −↠ (v1,v2)

t u −↠ v2
(sndp)

Figure 6: Évaluation en mini-ML.
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Pour v, v1 et v2 des valeurs :

t −→ t′

t v −→ t′ v
(appl)

u −→ u′

t u −→ t u′ (appr)

(fun x → t) v −→ t[x 7→ v]
(app)

add (m,n) −→ m+ n
(add)

t −→ t′

(t,v) −→ (t′,v)
(pairl)

u −→ u′

(t,u) −→ (t,u′)
(pairr)

fst (v1,v2) −→ v1
(fst)

snd (v1,v2) −→ v2
(snd)

Figure 7: Réduction en mini-ML.

Typage:

Γ ⊢ fix : (A ⇒ A) ⇒ A
(fix)

Évaluation:

t −↠ fun x → t′ t′[x 7→ fix (fun x → t′)] −↠ v

fix t −↠ v

Réduction:

t −→ t′

fix t −→ fix t′ fix (fun x → t) −→ t[x 7→ fix (fun x → t)]

Figure 8: Point fixe en mini-ML.
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