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Extensions

S ::= x := a | skip | S1; S2 | if b then S1 else S2 | while b do S

1. abort

2. S1 or S2

3. S1 par S2

4. begin DV S end

5. begin DV DP S end | call p
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S1 or S2, natural semantics

〈 S1, σ 〉 → σ′

〈 S1 or S2, σ 〉 → σ′
〈S2, σ 〉 → σ′

〈 S1 or S2, σ 〉 → σ′

Programming Language Theory 2009 F10-3

S1 or S2, structural operational semantics

〈S1 or S2, σ 〉 ⇒ 〈S1, σ 〉
〈S1 or S2, σ 〉 ⇒ 〈 S2, σ 〉
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S1 par S2, structural operational semantics

〈 S1, σ 〉 ⇒ σ′

〈 S1 par S2, σ 〉 ⇒ 〈 S2, σ
′ 〉

〈 S1, σ 〉 ⇒ 〈 S ′
1, σ

′ 〉
〈 S1 par S2, σ 〉 ⇒ 〈 S ′

1 par S2, σ
′ 〉

〈 S2, σ 〉 ⇒ σ′

〈 S1 par S2, σ 〉 ⇒ 〈 S1, σ
′ 〉

〈 S2, σ 〉 ⇒ 〈 S ′
2, σ

′ 〉
〈 S1 par S2, σ 〉 ⇒ 〈 S1 par S ′

2, σ
′ 〉
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Blocks

S ::= x := a | . . . | begin DV S end
DV ::= var x := a; DV | ε

begin
var y:= 1;
x:=1;
begin
var x:=2;
y:=x+1

end
x:=x+y

end

(ambiguous representation)
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Blocks and declarations

〈DV , σ 〉 →D σ′ 〈 S , σ′ 〉 → σ′′
[blockns ]

〈 begin DV S end, σ 〉 → σ′′[DV (DV ) 7→ σ]

〈 ε, σ 〉 →D σ [emptyns ]
〈DV , σ[x 7→ A[[a]]σ] 〉 →D σ′

[varns ]
〈 var x := a; DV , σ 〉 →D σ′

and [DV (DV ) 7→ σ] restores the values of the variables in DV (DV ).
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Procedures

S ::= . . . | begin DV DP S end | call p
DV ::= var x := a; DV | ε
DP ::= proc p is S; DP | ε

begin
var x:= 0;
proc p is x:=x*2;
proc q is call p;
begin
var x:=5;
proc p is x:=x+1;
call q;
y:=x;

end
end
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Scope rules

1. dynamic scope for variables and procedures

2. dynamic scope for variables but static for procedures

3. (static scope for variables but dynamic for procedures)

4. static scope for variables and procedures
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Different scope rules

begin
var x:= 0;
proc p is x:=x+2;
proc q is call p;
begin
var x:=5;
proc p is x:=x+1;
call q;
y:=x;

end
end

variables procedures y=

dynamic scope dynamic scope 6

dynamic scope static scope 10

static scope static scope 5
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Procedure environments

EnvP = Pname → Stm

A procedure environment maps procedure names to procedure
bodies.

Programming Language Theory 2009 F10-11

Transition with procedure environment

envP ` 〈S , σ 〉 → σ′

In the procedure environment envP the statement S transforms σ
into σ′.
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Procedure semantics, dynamic scope rules

envP ` 〈 x := a, σ 〉 → σ[x 7→ A[[a]]σ]

envP ` 〈 skip, σ 〉 → σ

envP ` 〈S1, σ 〉 → σ′ envP ` 〈S2, σ
′ 〉 → σ′′

envP ` 〈S1; S2, σ 〉 → σ′′
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Procedure semantics, dynamic scope rules

The rules for if and while are also unaffected by the procedure
environment.
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Procedure semantics, dynamic scope rules

〈DV , σ 〉 →D σ′ updp(DP , envP) ` 〈S , σ′ 〉 → σ′′

envP ` 〈 begin DV DP S end, σ 〉 → σ′′[DV (DV ) 7→ σ]

where updp(DP , envP) is envP updated with the definitions in DP .
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Updating the environment

updP(ε, envP) = envp

updP(proc p is S; DP , envP) = updP(DP , envp[p 7→ S ])
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Procedure semantics, dynamic scope rules

envP ` 〈S , σ 〉 → σ′

envP ` 〈 call p, σ 〉 → σ′

where S = envP p
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Static scope rules for procedures

Modified procedure environment

updP(ε, envP) = envp

updP(proc p is S; DP , envP) = updP(DP , envp[p 7→ (S , envP)])

Non-recursive procedures

env ′
P ` 〈S , σ 〉 → σ′

envP ` 〈 call p, σ 〉 → σ′

where (S , env ′
P) = envP p
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Static scope rules for variables and procedures

Loc = N
EnvV = Var → Loc

Store = Loc ∪ { next } → Z
new ∈ Loc → Loc
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Static scope rules for variables and procedures

envV , envP ` 〈 x := a, sto 〉 → sto[` 7→ v ]

where ` = envV x and v = A[[a]](sto ◦ envV )

The rules for skip, ;, if and while are essentially unchanged.
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Static scope rules for variables and procedures

〈DV , envV , sto 〉 →D (env ′
V , sto

′) env ′
V , env ′

P ` 〈S , sto ′ 〉 → sto ′′

envV , envP ` 〈 begin DV DP S end , sto 〉 → sto ′′

where env ′
P = updP(DP , env ′

V , envP)
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Static scope rules for variables and procedures

env ′
V , env ′

P [p 7→ (S , env ′
V , env ′

P)] ` 〈S , sto 〉 → sto ′

envV , envP ` 〈 call p, sto 〉 → sto ′

where (S , env ′
V , env ′

P) = envP p
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