
IMP: Prozeduren mit dynamischer Bindung
p ∈ Proc

P ∈ ProcDecl ::= proc p S ; P | ε
S ∈ Stm ::= . . . | begin V P S end | call p

Semantische Kategorien
I Prozedurumgebungen PEnv = Proc ⇀ Stm
I Konfigurationen 〈S, π, σ〉 ∈ Stm× PEnv× Σ, σ ∈ Σ

Prozedurdeklarationsupdate updP : ProcDecl× PEnv→ PEnv
updP(ε, π) = π

updP(proc p S ; P, π) = updP(P, π[p 7→ S])

〈S, updP(P, π), updV(V, σ)〉 → σ′

〈begin V P S end, π, σ〉 → σ′[dvar(V) 7→ σ]
(blockns)

〈S, π, σ〉 → σ′

〈call p, π, σ〉 → σ′
, falls π(p) = S(callns)
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IMP: Prozeduren mit statischer Bindung
p ∈ Proc

P ∈ ProcDecl ::= proc p S ; P | ε
S ∈ Stm ::= . . . | begin V P S end | call p

Semantische Kategorien
I Prozedurumgebungen PEnv = Proc ⇀ (Stm× PEnv)
I Konfigurationen 〈S, π, σ〉 ∈ Stm× PEnv× Σ, σ ∈ Σ

Prozedurdeklarationsupdate updP : ProcDecl× PEnv→ PEnv
updP(ε, π) = π

updP(proc p S ; P, π) = updP(P, π[p 7→ (S, π)])

〈S, updP(P, π), updV(V, σ)〉 → σ′

〈begin V P S end, π, σ〉 → σ′[dvar(V) 7→ σ]
(blockns)

〈S, πp[p 7→ (S, πp)], σ〉 → σ′

〈call p, π, σ〉 → σ′
, falls π(p) = (S, πp)(callns)
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IMP: Speicher

Semantische Kategorien
I Speicherzellen Loc
I Speicher Store = Loc→ Z
I Variablenumgebungen VEnv = Var→ Loc
I Konfigurationen 〈S, υ, ς〉 ∈ Stm× VEnv× Store, ς ∈ Store

Zustandsrekonstruktion state : VEnv→ Store→ Σ, state υ ς = ς ◦ η

〈x := a, υ, ς〉 → ς[υ x 7→ AJaK(state υ ς)](assignns)
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IMP: Deklarationen mit statischer Bindung

p ∈ Proc
V ∈ VarDecl ::= var x := a ; V | ε

P ∈ ProcDecl ::= proc p S ; P | ε
S ∈ Stm ::= . . . | begin V P S end | call p

Semantische Kategorien
I Loc = N, new : Loc→ Loc, new l = l + 1
I Store = (Loc→ Z)× ({next} → Loc)
I VEnv = Var→ Loc
I PEnv = Proc ⇀ (Stm× VEnv× PEnv)
I Konfigurationen 〈S, υ, π, ς〉 ∈ Stm× VEnv× PEnv× Store

Zustandsrekonstruktion state : VEnv→ Store→ Σ, state υ ς = (π1 ς) ◦ η
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IMP: Deklarationen mit statischer Bindung
Prozedurdeklarationsupdate

updP : ProcDecl× VEnv× PEnv→ PEnv

updP(ε, υ, π) = π

updP(proc p S ; P, υ, π) = updP(P, υ, π[p 7→ (S, υ, π)])

Variablendeklarationsupdate
updV : VarDecl× VEnv× Store→ VEnv× Store

updV(ε, υ, ς) = (υ, ς)
updV(var x := a ; V, υ, ς) =

updV(V, υ[x 7→ l], ς[l 7→ AJaK(state υ ς)][next 7→ new l]) mit l = ς next

〈S, υ′, updP(P, υ′, π), ς ′〉 → ς ′′

〈begin V P S end, υ, π, ς〉 → ς ′′
, falls updV(υ, ς) = (υ′, ς ′)(blockns)

〈S, υp, πp[p 7→ (S, υp, πp)], ς〉 → ς ′

〈call p, υ, π, ς〉 → ς ′
, falls π(p) = (S, υp, πp)(callns)
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IMP: Referenzen
r ∈ RefExp ::= x | &x | *r

a ∈ AExp ::= n | a1 + a2 | a1 - a2 | a1 * a2 | r
b ∈ BExp ::= . . . | r1 = r2

Semantische Kategorien
I Speicherzellen Loc
I Speicher Store = Loc→ Loc ] Z
I Variablenumgebungen VEnv = Var→ Loc

Semantische Funktionen
I RJ−K : RefExp→ VEnv→ Store→ (Loc ∪ Z ∪ {⊥})

RJxK υ ς = ς(υ(x))
RJ&xK υ ς = υ(x)

RJ*rK υ ς =

{
ς(RJrK υ ς), falls RJrK υ ς ∈ Loc
⊥, sonst
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IMP: Referenzen
I AJ−K : AExp→ VEnv→ Store→ (Z ∪ {⊥})

AJnK υ ς = N JnK
AJrK υ ς = RJrK υ ς

AJa1 bop a2K υ ς =


AJa1K υ ς JbopKAJa2K υ ς,

falls AJa1K υ ς,AJa2K υ ς ∈ Z
⊥, sonst

I BJ−K : BExp→ VEnv→ Store→ (B ∪ {⊥})

BJr1 = r2K υ ς =


(RJr1K υ ς = RJr2K υ ς),

falls RJr1K υ ς,RJr2K υ ς ∈ Loc ∨
RJr1K υ ς,RJr2K υ ς ∈ Z

⊥, sonst

Natürliche Semantik 〈S, υ, ς〉 ∈ Stm× VEnv× Store

〈x := a, υ, ς〉 → ς[υ x 7→ AJaK υ ς](assignns)
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IMP: Typen für Referenzen

τ ∈ Type ::= int | bool | void | &τ

Typumgebungen Γ = {x1 : τ1, . . . , xn : τn} mit ∀1 ≤ i 6= j ≤ n . xi 6= xj

I Zugriff Γ(x) = τi, falls x = xi

I Erweiterung Γ, x : τ = Γ ∪ {x : τ}, falls ∀1 ≤ i ≤ n . x 6= xi

(numtyp) Γ ` n : int

(vartyp) Γ, x : τ ` x : τ

(ref1typ) Γ, x : τ ` &x : &τ (ref2typ)
Γ ` r : &τ

Γ ` *r : τ

(arithtyp)
Γ ` a1 : int Γ ` a2 : int

Γ ` a1 bop a2 : int
mit bop ∈ {+,-,*}
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IMP: Typen für Referenzen

(bool1typ) Γ ` nop : bool mit nop ∈ {true,false}

(bool2typ)
Γ ` a1 : int Γ ` a2 : int

Γ ` a1 bop a2 : bool
mit bop ∈ {<=,=}

(bool3typ)
Γ ` b1 : bool Γ ` b2 : bool

Γ ` b1 and b2 : bool

(bool4typ)
Γ ` b : bool

Γ ` not b : bool
(bool5typ)

Γ ` r1 : τ Γ ` r2 : τ

Γ ` r1 = r2 : bool
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IMP: Typen für Referenzen

(skiptyp) Γ ` skip : void

(assigntyp)
Γ ` x : τ Γ ` a : τ

Γ ` x := a : void

(seqtyp)
Γ ` S1 : void Γ ` S2 : void

Γ ` S1 ; S2 : void

(iftyp)
Γ ` b : bool Γ ` S1 : void Γ ` S2 : void

Γ ` if b then S1 else S2 : void

(whiletyp)
Γ ` b : bool Γ ` S : void

Γ ` while b do S : void
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