
A Definitions

We recall the definitions of V ar (Def. 7), FV (Def. 8), FVv (Def. 9), v-closed
(Def. 10), {[ / ]} (Def. 11):

Definition 7.

V ar(x) = {x}
V ar(42) = ∅
V ar(nil) = ∅
V ar(True) = ∅
V ar(False) = ∅
V ar(E1opE2) = V ar(E1) ∪ V ar(E2)
...
V ar(E1 = E2) = V ar(E1) ∪ V ar(E2)
V ar(E 7→ E1, E2) = V ar(E) ∪ V ar(E1) ∪ V ar(E2)
V ar(false) = ∅
V ar(P ⇒ Q) = V ar(P ) ∪ V ar(Q)
V ar(∃x.P ) = V ar(P ) ∪ {x}
V ar(emp) = ∅
V ar(P ∗ Q) = V ar(P ) ∪ V ar(Q)
V ar(P→∗Q) = V ar(P ) ∪ V ar(Q)
V ar(Xv) = ∅
V ar(µXv .P ) = V ar(P )
V ar(νXv .P ) = V ar(P )
V ar(P [E/x]) = V ar(P ) ∪ V ar(E) ∪ {x}

Definition 8.

FV (E1 = E2) = V ar(E1) ∪ V ar(E2)
FV (E 7→ E1, E2) = V ar(E) ∪ V ar(E1) ∪ V ar(E2)
FV (false) = ∅
FV (P ⇒ Q) = FV (P ) ∪ FV (Q)
FV (∃x.P ) = FV (P ) \ {x}
FV (emp) = ∅
FV (P ∗ Q) = FV (P ) ∪ FV (Q)
FV (P→∗Q) = FV (P ) ∪ FV (Q)
FV (Xv) = ∅
FV (µXv .P ) = FV (P )
FV (νXv .P ) = FV (P )
FV (P [E/x]) = FV (P ) ∪ FV (E) ∪ {x}
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Definition 9.

FVv(E1 = E2) = ∅
FVv(E 7→ E1, E2) = ∅
FVv(false) = ∅
FVv(P ⇒ Q) = FVv(P ) ∪ FVv(Q)
FVv(∃x.P ) = FVv(P )
FVv(emp) = ∅
FVv(P ∗ Q) = FVv(P ) ∪ FVv(Q)
FVv(P→∗Q) = FVv(P ) ∪ FVv(Q)
FVv(Xv) = {Xv}
FVv(µXv .P ) = FVv(P ) \ {Xv}
FVv(νXv .P ) = FVv(P ) \ {Xv}
FVv(P [E/x]) = FVv(P )

Definition 10. P is v-closed iff FVv(P ) = ∅.

Definition 11.

x{z/y} = x if y 6= x
y{z/y} = z
42{z/y} = 42
nil{z/y} = nil

True{z/y} = True
False{z/y} = False
(E1opE2){z/y} = E1{z/y}opE2{z/y}
...
(E1 = E2){[z/y]} = E1{z/y} = E2{z/y}
(E 7→ E1, E2){[z/y]} = E{z/y} 7→ E1{z/y}, E2{z/y}
(false){[z/y]} = false

(P ⇒ Q){[z/y]} = (P{[z/y]}) ⇒ (Q{[z/y]})
(∃x.P ){[z/y]} = ∃(x{z/y}).(P{[z/y]})
(emp){[z/y]} = emp

(P ∗Q){[z/y]} = (P{[z/y]}) ∗ (Q{[z/y]})
(P→∗Q){[z/y]} = (P{[z/y]})→∗(Q{[z/y]})
(Xv){[z/y]} = Xv

(µXv .P ){[z/y]} = µXv .(P{[z/y]})
(νXv .P ){[z/y]} = νXv .(P{[z/y]})
(P [E/x]){[z/y]} = (P{[z/y]})[E{z/y}/x{z/y}]
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