
1 Syntax

e ∶∶= c ∈ Z
∣ x ∈ Var
∣ e1 + e2

∣ λx.s
∣ e1 (e2)
∣ alloc
∣ e.f
∣ f in e

ee ∶∶= ⋅ +1 e

∣ ⋅ +2 ⋅
∣ @1 (e2)
∣ @2

∣ @3

∣ .f
∣ f in1⋅

s ∈ stat ∶∶= skip
∣ s1; s2
∣ x ∶= e
∣ if (e > 0) s1 s2
∣ while (e > 0) s
∣ return e

∣ e1.f ∶= e2
∣ delete e.f

se ∶∶= x ∶=1 ⋅
∣ ⋅ ;1 s2
∣ if 1 s1 s2
∣ while1 (e > 0) s
∣ while2 (e > 0) s
∣ return1⋅
∣ .f ∶=1 e2
∣ .f ∶=2 ⋅
∣ delete1 .f

2 Abstract Semantics

2.1 Expressions
red-const(c)

(— ∣ emp, ηe, ηc) , c ⇓ (— ∣ emp, ηe, α (c))

red-var-local(x)

(— ∣ ηe ↦ E♯e ⋆ ηc ↦ E♯c, ηe, ηc) , x ⇓ (— ∣ ηe ↦ E♯e ⋆ ηc ↦ E♯c, ηe,E
♯
c [x])

x ∈ dom (E♯c)

red-var-local(x)

(— ∣ η ↦ E♯, η, η) , x ⇓ (— ∣ η ↦ E♯, η,E♯ [x])
x ∈ dom (E♯)

red-var-global(x)

(— ∣ ηe ↦ E♯e ⋆ ηc ↦ E♯c, ηe, ηc) , x ⇓ (— ∣ ηe ↦ E♯e ⋆ ηc ↦ E♯c, ηe,E
♯
e [x])

x ∈ dom (E♯e) ∧ x /∈ dom (E♯c)

red-var-undef(x)

(— ∣ ηe ↦ E♯e ⋆ ηc ↦ E♯c, ηe, ηc) , x ⇓ (— ∣ ηe ↦ E♯e ⋆ ηc ↦ E♯c, err
♯)

x /∈ dom (E♯e) ∧ x /∈ dom (E♯c)

red-var-undef(x)

(— ∣ η ↦ E♯, η, η) , x ⇓ (— ∣ η ↦ E♯, err ♯)
x /∈ dom (E♯)
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red-add(e1, e2)
(— ∣ ϕ, ηe, ηc) , e1 ⇓ (M ∣ ϕ′, r♯) (M ∣ ϕ′,M (ηc) , r♯) , ⋅ +1 e2 ⇓ Φ

(— ∣ ϕ, ηe, ηc) , e1 + e2 ⇓ Φ

red-add-1(e2)
(— ∣ ϕ, ηe, ηc) , e2 ⇓ (M ∣ ϕ′, r♯) (M ∣ ϕ′,M (v♯1) , r♯) , ⋅ +2 ⋅ ⇓ Φ

(— ∣ ϕ, ηc, (ηe, v♯1)) , ⋅ +1 e2 ⇓ Φ

red-add-2

(— ∣ emp, v♯1, (ηe, v♯2)) , ⋅ +2 ⋅ ⇓ (— ∣ emp, ηe, v♯1 +♯ v♯2)

red-lambda(x, s)

(— ∣ emp, ηe, ηc) , λx.s ⇓ (— ∣ emp, ηe, (ηc, λx.s))

red-app(e1, e2)
(— ∣ ϕ, ηe, ηc) , e1 ⇓ (M ∣ ϕ′, r♯) (M ∣ ϕ′,M (ηc) , r♯) ,@1 (e2) ⇓ Φ

(— ∣ ϕ, ηe, ηc) , e1 + e2 ⇓ Φ

red-app-1(e2)
(— ∣ ϕ, ηe, ηc) , e2 ⇓ (M ∣ ϕ′, r♯) (M ∣ ϕ′,M (v♯1) , x, s, r♯) ,@2 ⇓ Φ

(— ∣ ϕ, ηc, (ηe, (η′c, λx.s)))@1 (e2) ⇓ Φ

red-app-2(s)
η′c fresh

(—, ●→ η′c ∣ η′c ↦ E♯ [x← v♯] ⋆ η ↦ E♯ ⋆ ϕ, ηe, η′c) , s ⇓ Φ Φ,@3 ⇓ Φ′

(— ∣ η ↦ E♯ ⋆ ϕ, ηe, ηc, x, s, v♯) ,@2 ⇓ Φ′

red-app-3-ret

(— ∣ emp, ret (ηe, v♯)) ,@3 ⇓ (— ∣ emp, ηe, v♯)

red-app-3-no-ret

(— ∣ emp, ηe, ηc) ,@3 ⇓ (— ∣ emp, err)
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red-new-obj

(— ∣ emp, ηe, ηc) ,alloc ⇓ (—, ●→ l ∣ l ↦ {_ ∶ ⊠}, ηe, l)

red-field(e, f)
(— ∣ ϕ, ηe, ηc) , e ⇓ Φ Φ, .f ⇓ Φ′

(— ∣ ϕ, ηe, ηc) , e.f ⇓ Φ′

red-field-1(f)

(— ∣ l ↦ {f ∶ u♯} , ηe, ηc) .f ⇓ (— ∣ l ↦ {f ∶ u♯} , ηe, u♯∣Val♯
)

red-in(f, e)
(— ∣ ϕ, ηe, ηc) , e ⇓ Φ Φ, f in1⋅ ⇓ Φ′

(— ∣ ϕ, ηe, ηc) , f in e ⇓ Φ′
red-in-1-true(f)

(— ∣ l ↦ {f ∶ u♯} , ηe, l) , f in1⋅ ⇓ (— ∣ l ↦ {f ∶ u♯} , ηe,+)
u♯∣

Val♯
≠ �

red-in-1-false(f)

(— ∣ l ↦ {f ∶ u♯} , ηe, l) , f in1⋅ ⇓ (— ∣ l ↦ {f ∶ u♯} , ηe,0)
⊠ ⊑ u♯

2.2 Statements
red-skip

(— ∣ emp, ηe, ηc) , skip ⇓ (— ∣ emp, ηe, ηc)

red-seq(s1, s2)
(— ∣ ϕ, ηe, ηc) , s1 ⇓ Φ Φ, ⋅ ;1 s2 ⇓ Φ′

(— ∣ ϕ, ηe, ηc) , s1; s2 ⇓ Φ′

red-seq-1(s2)
(— ∣ ϕ, ηe, ηc) , s2 ⇓ Φ
(— ∣ ϕ, ηe, ηc) , ⋅ ;1 s2 ⇓ Φ
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red-asn(x, e)
(— ∣ ϕ, ηe, ηc) , e ⇓ (M ∣ ϕ′, x♯) (M ∣ ϕ′,M (ηc) , x♯) , x ∶=1 ⋅ ⇓ Φ

(— ∣ ϕ, ηe, ηc) , x ∶= e ⇓ Φ

red-asn-1(x)
η′e fresh

(— ∣ ηe ↦ E♯e ⋆ ηc ↦ E♯c, ηc, (ηe, v♯)) , x ∶=1 ⋅ ⇓ (—, ●→ η′e ∣ ηe ↦ E♯e ⋆ ηc ↦ E♯c ⋆ η′e ↦ E♯e [x← v♯] , η′e, ηc)
x /∈ dom (E♯c)

red-asn-1(x)
ηe fresh

(— ∣ η ↦ E♯, η, (η, v♯)) , x ∶=1 ⋅ ⇓ (—, ●→ ηe ∣ η ↦ E♯ ⋆ ηe ↦ E♯ [x← v♯] , ηe, η)
x /∈ dom (E♯)

red-asn-1-local(x)
η′c fresh

(— ∣ ηe ↦ E♯e ⋆ ηc ↦ E♯c, ηc, (ηe, v♯)) , x ∶=1 ⋅ ⇓ (—, ●→ η′e ∣ ηe ↦ E♯e ⋆ ηc ↦ E♯c ⋆ η′c ↦ E♯c [x← v♯] , ηe, η′c)
x ∈ dom (E♯c)

red-asn-1-local(x)
ηc fresh

(— ∣ η ↦ E♯, η, (η, v♯)) , x ∶=1 ⋅ ⇓ (—, ●→ ηc ∣ η ↦ E♯ ⋆ ηc ↦ E♯ [x← v♯] , η, ηc)
x ∈ dom (E♯)

red-if(e, s1, s2)
(— ∣ ϕ, ηe, ηc) , e ⇓ (M ∣ ϕ′, x♯) (M ∣ ϕ′,M (ηc) , x♯) , if 1 s1 s2 ⇓ Φ

(— ∣ ϕ, ηe, ηc) , if (e > 0) s1 s2 ⇓ Φ

red-if-1-pos(s1, s2)
(— ∣ ϕ, ηc, ηe) , s1 ⇓ Φ

(— ∣ ϕ, ηc, (ηe, v♯)) , if 1 s1 s2 ⇓ Φ
v♯ ⊓ + ≠ �

red-if-1-neg(s1, s2)
(— ∣ ϕ, ηc, ηe) , s2 ⇓ Φ

(— ∣ ϕ, ηc, (ηe, v♯)) , if 1 s1 s2 ⇓ Φ
v♯ ⊓ −0 ≠ �

red-while(e, s)
(— ∣ ϕ, ηe, ηc) , e ⇓ (M ∣ ϕ′, x♯) (M ∣ ϕ′,M (ηc) , x♯) ,while1 (e > 0) s ⇓ Φ

(— ∣ ϕ, ηe, ηc) ,while (e > 0) s ⇓ Φ

red-while-1-neg(e, s)

(— ∣ ϕ, ηc, (ηe, v♯)) ,while1 (e > 0) s ⇓ (— ∣ ϕ, ηe, ηc)
v♯ ⊓ −0 ≠ �

red-while-1-pos(e, s)
(— ∣ ϕ, ηe, ηc) , s ⇓ Φ Φ,while2 (e > 0) s ⇓ Φ′

(— ∣ ϕ, ηc, (ηe, v♯)) ,while1 (e > 0) s ⇓ Φ′
v♯ ⊓ + ≠ �

red-while-2(e, s)
(— ∣ ϕ, ηe, ηc) ,while (e > 0) s ⇓ Φ
(— ∣ ϕ, ηe, ηc) ,while2 (e > 0) s ⇓ Φ
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red-return(e)
(— ∣ ϕ, ηe, ηc) , e ⇓ Φ Φ, return1⋅ ⇓ Φ′

(— ∣ ϕ, ηe, ηc) , return e ⇓ Φ′

red-return-1

(— ∣ emp, ηe, v♯) , return1⋅ ⇓ (— ∣ emp, ret (ηe, v♯))

red-field-asn(e1, f, e2)
(— ∣ ϕ, ηe, ηc) , e1 ⇓ (M ∣ ϕ′, r♯) (M ∣ ϕ′,M (ηc) , r♯) , .f ∶=1 e2 ⇓ Φ

(— ∣ ϕ, ηe, ηc) , e1.f ∶= e2 ⇓ Φ

red-field-asn-1(f, e2)
(— ∣ ϕ, ηe, ηc) , e2 ⇓ (M ∣ ϕ′, r♯) (M ∣ ϕ′,M (ηc) ,M (l) , r♯) , .f ∶=2 ⋅ ⇓ Φ

(— ∣ ϕ, ηc, (ηe, l)) , .f ∶=1 e2 ⇓ Φ

red-field-asn-2(f)

(— ∣ l ↦ {f ∶ u♯} , ηc, l, (ηe, v♯)) , .f ∶=2 ⋅ ⇓ (— ∣ l ↦ {f ∶ v♯} , ηe, ηc)

red-delete(e, f)
(— ∣ ϕ, ηe, ηc) , e ⇓ (M ∣ ϕ′, r♯) (M ∣ ϕ′,M (ηc) , r♯) ,delete1 .f ⇓ Φ

(— ∣ ϕ, ηe, ηc) ,delete e.f ⇓ Φ

red-delete-1(f)

(— ∣ l ↦ {f ∶ u♯} , ηc, (ηe, l)) ,delete1 .f ⇓ (— ∣ l ↦ {f ∶ ⊠} , ηc, ηe)

2.3 Aborting Rules
red-error-expr(e)

Φ, e ⇓ Φ
abortΦ ∧ ¬intercepteΦ

red-error-stat(s)

Φ, s ⇓ Φ
abortΦ

x♯ = C [err ♯]
abort (M ∣ ϕ,x♯) intercept@3

(M ∣ ϕ, ret (ηe, v♯))
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