
1 Definicje

f [a := b](x) =
{
b gdy x = a
f(x) w p.p.

[a := b](x) =
{
b gdy x = a
⊥ w p.p.

⊕ ::= + | − | ∗ | / | % c ∈ Z I = {a . . . z}∗ i ∈ I

2 Bolek

Γ : I → Z

e ::= e1 ⊕ e2 | i | c | e1 where i = e2

Γ ` c→ c Γ ` i→ Γ(i)
Γ ` e1 → c1 Γ ` e2 → c2
Γ ` e1 ⊕ e2 → c1 ⊕ c2

Γ ` e2 → c2 Γ[i := c2] ` e1 → c1
Γ ` e2 where i = e2 → c1

3 Żółw

L = { ”i” | i ∈ I } l ∈ L

e ::= e1 ⊕ e2 | i | c | l | new | null | e1.i | isnull(e1) | e0(e1, . . . , en)

s ::= print e | var i = e | e1 = e2 | {s1; . . . sn; } | skip |
if (e) s1 else s2 | while (e) s1 | fun i0(i1, . . . , in) s1

V = Z ∪ L ∪O ∪ {null} O = { obj(q) | q ∈ N } C = { cell(q) | q ∈ N }

v ∈ V Γ : I → C ∪ (Γ× s) η : C → V Θ : O × I → V

3.1 Wyrażenia

(Γ, η,Θ) ` c→ (c, η,Θ) (Γ, η,Θ) ` l→ (l, η,Θ) (Γ, η,Θ) ` null→ (null, η,Θ)

(Γ, η,Θ) ` e1 → (null, η′,Θ′)
(Γ, η,Θ) ` isnull(e1)→ (1, η′,Θ′)

(Γ, η,Θ) ` e1 → (v, η′,Θ′)
(Γ, η,Θ) ` isnull(e1)→ (0, η′,Θ′)

where v 6= null

(Γ, η,Θ) ` e1 → (v1, η′,Θ′) (Γ, η′,Θ′) ` e2 → (v2, η′′,Θ′′)
(Γ, η,Θ) ` e1 ⊕ e2 → (v1 ⊕ v2, η′′,Θ′′)
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(Γ, η,Θ) ` i→ (η(Γ(i)), η,Θ)
(Γ, η,Θ) ` e1 → (v1, η′,Θ′)

(Γ, η,Θ) ` e1.i→ (Θ′(v1, i), η′,Θ′)

(Γ, η,Θ) ` new→ (obj(q), η,Θ[(obj(q), ·) := null])
where Θ(obj(q), ·) = ⊥

(Γ, η,Θ) ` e0 → ((Γ′, λ(i1, . . . , in) s), η0,Θ0)
{(Γ, ηk−1,Θk−1) ` ek → (vk, ηk,Θk)}nk=1 where ∀i. ηn(cell(qi)) = ⊥
(Γ′[value := cell(q0)][ik := cell(qk)]nk=1, ηn[cell(qk) := vk]

n
k=1,Θn) ` s⇒ (Γ′′, η′′,Θ′′)

(Γ, η,Θ) ` e0(e1, . . . , en)→ (η′′(cell(q0)), η′′,Θ′′)

3.2 Instrukcje

(Γ, η,Θ) ` skip⇒ (Γ, η,Θ)
{(Γk−1, ηk−1,Θk−1) ` sk ⇒ (Γk, ηk,Θk)}nk=1
(Γ0, η0,Θ0) ` {s1; . . . ; sn} ⇒ (Γ, ηn,Θn)

(Γ, η,Θ) ` e1 → (0, η′,Θ′) (Γ, η′,Θ′) ` s2 ⇒ (Γ′′, η′′,Θ′′)
(Γ, η,Θ) ` if(e1) s1 else s2 ⇒ (Γ, η′′,Θ′′)

(Γ, η,Θ) ` e1 → (v, η′,Θ′) (Γ, η′,Θ′) ` s1 ⇒ (Γ′′, η′′,Θ′′)
(Γ, η,Θ) ` if(e1) s1 else s2 ⇒ (Γ, η′′,Θ′′)

where v 6= 0

(Γ, η,Θ) ` e1 → (0, η′,Θ′)
(Γ, η,Θ) ` while(e1) s⇒ (Γ, η′,Θ′)

(Γ, η,Θ) ` e1 → (v, η′,Θ′) (Γ, η′,Θ′) ` s⇒ (Γ′′, η′′,Θ′′)
(Γ, η′′,Θ′′) ` while(e1) s⇒ (Γ′′′, η′′′,Θ′′′)

(Γ, η,Θ) ` while(e1) s⇒ (Γ, η′′′,Θ′′′)
where v 6= 0

(Γ, η,Θ) ` fun i0(i1, . . . , in) s⇒ (Γ′, η,Θ)
where Γ′ = Γ[i0 := (Γ′, λ(i1, . . . , in) s)]

(Γ, η,Θ) ` e→ (v, η′,Θ′)
(Γ, η,Θ) ` var i = e⇒ (Γ[i := cell(q)], η′[cell(q) := v],Θ′)

where η′(cell(q)) = ⊥

(Γ, η,Θ) ` e1 → (v1, η′,Θ′)
(Γ, η,Θ) ` i = e1 ⇒ (Γ, η′[i := v1],Θ′)

(Γ, η,Θ) ` e1 → (v1, η′,Θ′) (Γ, η′,Θ′) ` e2 → (v2, η′′,Θ′′)
(Γ, η,Θ) ` e1.i = e2 ⇒ (Γ, η′′,Θ′′[(v1, i) := v2])
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