
Semantics (Large-Step and Small)

v∗ ∈ V ::= n | true | false | (λx.M) | (pair V V ) | (inl V ) | (inr V ) | σ

e∗ ∈M ::= V |

(op M M) |

(if M M M) |

(M M) |

x |

(box M) | (unbox M) | (set-box! M M) |

(pair M M) | (fst M) | (snd M) |

(inl M) | (inr M) | (match M M M)

Large-step (for an eager language with boxes):

v; Σ ⇓ v; Σ (val)

e1; Σ0 ⇓ n1; Σ1 e2; Σ1 ⇓ n2; Σ2

(op e1 e2); Σ0 ⇓ op(n1, n2); Σ2

(arith)

ec; Σ0 ⇓ true; Σ1 et; Σ1 ⇓ v; Σ2

(if ec et ef ); Σ0 ⇓ v; Σ2

(if-true)

ec; Σ0 ⇓ false; Σ1 ef ; Σ1 ⇓ v; Σ2

(if ec et ef ); Σ0 ⇓ v; Σ2

(if-false)

ef ; Σ0 ⇓ (λx.eb); Σ1 ea; Σ1 ⇓ va; Σ2 eb[x← va]; Σ2 ⇓ v; Σ3

(efea); Σ0 ⇓ v; Σ3

(βv)

e; Σ0 ⇓ v; Σ1 σ 6∈ dom(Σ1)

(box e); Σ0 ⇓ σ; Σ1, σ ← v
(box)

e; Σ0 ⇓ σ; Σ1 Σ1(σ) = v

(unbox e); Σ0 ⇓ v; Σ1

(unbox)

e1; Σ0 ⇓ σ; Σ1 e2; Σ1 ⇓ v; Σ2

(set-box! e1 e2); Σ0 ⇓ v; Σ2, σ ← v
(set-box!)

e1; Σ0 ⇓ v1; Σ1 e2; Σ1 ⇓ v2; Σ2

(pair e1 e2); Σ0 ⇓ (pair v1 v2); Σ2

(pair)

e; Σ0 ⇓ (inl vℓ); Σ1 eℓ; Σ1 ⇓ (λx.eb); Σ2 eb[x← vℓ]; Σ2 ⇓ v; Σ3

(match e eℓ er); Σ0 ⇓ v; Σ3

(match-left)

e; Σ0 ⇓ (inr vr); Σ1 er; Σ1 ⇓ (λx.eb); Σ2 eb[x← vr]; Σ2 ⇓ v; Σ3

(match e eℓ er); Σ0 ⇓ v; Σ3

(match-right)
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Small-step (with continuations as well as boxes).

v∗ ∈ V ::= ... | (λ̂E)

e∗ ∈M ::= ... | (call/cc M)

E ::= [ ] |

(if E M M) |

(pair E M) | (pair V E) | (fst E) | (snd E) |

(inl E) | (inr E) | (match E M M) | (match (inl V ) E M) | (match (inr V ) M E) |

(box E) | (unbox E) | (set-box! E M) | (set-box! V E) |

(E M) | (V E) |

(call/cc E)

E[(if true et ef )]; Σ→ E[et]; Σ (if-true)

E[(if false et ef )]; Σ→ E[ef ]; Σ (if-false)

E[(match (inl v) (λx.eb) er)]; Σ→ E[eb[x← v]]; Σ (match-left)

E[(match (inr v) eℓ (λx.eb))]; Σ→ E[eb[x← v]]; Σ (match-right)

E[(box v)]; Σ→ E[σ]; Σ, σ ← v (σ 6∈ dom(Σ)) (box)

E[(unbox σ)]; Σ→ E[v]; Σ (v = Σ(σ)) (unbox)

E[(set-box! σ v)]; Σ→ E[v]; Σ, σ ← v (set-box!)

E[((λx.e) v)]; Σ→ E[e[x← v]]; Σ (βv)

E[(call/cc (λx.e))]; Σ→ E[e[x← (λ̂E)]]; Σ (call/cc)

E[((λ̂E′) v)]; Σ→ E′[v]; Σ (cont)
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