
• val = Z;

• error = {Err};

• △ cxtf = var × val + {•};

• env = var →f val ;

• △ envv = cxtf × env ;

• △ envf = nameproc →f (var × s);

• oute = val + error ;

• outs = env + error .

t ::= △ p
| e
| s
| ex
| sx

e ::= c
| x
| + e1 e2

ex ::= +1 e2
| +2

s ::= skip
| x := e
| s1; s2
| if e s1 s2
| while e s
| abort
| △ f (e)

sx ::= x :=1

| ;1 s2
| if 1 s1 s2
| while1 e s
| while2 e s
| △ call1 f

△ p ::= s;
| f (x) := {s} ; p
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st (e) = △ envv
st (s) = △ envv × envf

△ st (p) = envv × envf
st (+1 e2) = △ envv × oute

st (+2) = val × oute

st (x :=1) = env × oute
st (;1 s2) = △ cxtf × envf × outs

st (if 1 s1 s2) = △ envv × envf × oute
st (while1 e s) = △ cxtf × envf × outs
st (while2 e s) = △ envv × envf × oute
△ st (call1 f) = envv × envf × oute

res (ex) = oute
res (sx) = outs
res (e) = oute
res (s) = outs

△ res (p) = outs

abort (Err) = True
abort (ret E) = False
△ abort (Ev) = False

△ abort (Ev, Ef ) = False
abort (v,Err) = True
abort (v, val v) = False
abort (E,Err) = True
abort (E, val v) = False

△ abort (Ev,Err) = True
△ abort (Ev, val v) = False
△ abort (Cf ,Err) = True

△ abort (Cf , ret E) = False
△ abort (Ev, Ef ,Err) = True
△ abort (Ev, Ef , val v) = False

ref : cxtf → var → Prop
ref ((x, v), y) = (x = y)

ref (•, x) = False
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AbortE(ex)

ex, σ ⇓ Err
abort (σ)

AbortS(sx)

sx, σ ⇓ Err
abort (σ)

Abort

abort , △ (Ev, Ef ) ⇓ Err

Cst(c)

c, △ Ev ⇓ val c

VarCxt(x) △

x, ((y, v), E) ⇓ val v
x = y

Var(x)

E[x]⇝ v

x, △ (C,E) ⇓ val v
x ∈ dom(E) △ ∧ ¬ref (C, x)

VarUndef(x)

x, △ (C,E) ⇓ Err
x ̸∈ dom(E) △ ∧ ¬ref (C, x)

Stat(s) △
s, (Ev, Ef ) ⇓ o

s; , (Ev, Ef ) ⇓ o

FunDecl(f, x, s, p) △
p, (Ev, Ef [f 7→ (x, s)]) ⇓ o

f (x) := {s} ; p, (Ev, Ef ) ⇓ o

FunCall(f, e) △
e,Ev ⇓ o call1 f, (Ev, Ef , o) ⇓ o′

f (e) , (Ev, Ef ) ⇓ o′

FunCall1(f, x, s) △
s, (((x, v), E), Ef ) ⇓ o

call1 f, ((C,E), Ef , val v) ⇓ o
Ef [f ] = (x, s)

FunCall1Undef(f) △

call1 f, (Ev, Ef , val v) ⇓ Err
f ̸∈ dom(Ef )
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Add(e1, e2)

e1, △ Ev ⇓ o +1 e2, ( △ Ev, o) ⇓ o′

+ e1 e2, △ Ev ⇓ o′

Add1 (e)

e, △ Ev ⇓ o +2, (v1, o) ⇓ o′

+1 e, ( △ Ev, val v1) ⇓ o′

Add2

add (v1, v2)⇝ v

+2, (v1, val v2) ⇓ val v

Skip

skip, △ ((C,E), Ef ) ⇓ ret E

Asn(x, e)

e, △ Ev ⇓ o x :=1, (Ev, o) ⇓ o′

x := e, △ (Ev, Ef ) ⇓ o′

Asn1Immutable(x) △

x :=1, ((C,E), val v) ⇓ Err
ref (C, x)

Asn1 (x)

E[x 7→ v]⇝ E′

x :=1, ((C,E), val v) ⇓ ret E′ ¬ref (C, x)

Seq(s1, s2)

s1, ((C,E), Ef ) ⇓ o ;1 s2, △ (C,Ef , o) ⇓ o′

s1; s2, △ ((C,E), Ef ) ⇓ o′

Seq1 (s2)

s2, △ ((C,E), Ef ) ⇓ o

;1 s2, △ (C,Ef , ret E) ⇓ o

If(e, s1, s2)

e, △ Ev ⇓ o if 1 s1 s2, △ (Ev, Ef , o) ⇓ o′

if e s1 s2, △ (Ev, Ef ) ⇓ o′

If1True(s1, s2)

s1, △ (Ev, Ef ) ⇓ o

if 1 s1 s2, △ (Ev, Ef , val v) ⇓ o
v ̸= 0

If1False(s1, s2)

s2, △ (Ev, Ef ) ⇓ o

if 1 s1 s2, △ (Ev, Ef , val v) ⇓ o
v = 0

While(e, s)

while1 e s, △ (C,Ef , ret E) ⇓ o

while e s, △ ((C,E), Ef ) ⇓ o

While1(e, s)

e, ( △ C,E) ⇓ o while2 e s, △ ((C,E), Ef , o) ⇓ o′

while1 e s, △ (C,Ef , ret E) ⇓ o′

While2True(e, s)

s, △ ((C,E), Ef ) ⇓ o while1 e s, △ (C,Ef , o) ⇓ o′

while2 e s, △ ((C,E), Ef , val v) ⇓ o′
v ̸= 0

While2False(e, s)

while2 e s, △ ((C,E), Ef , val v) ⇓ ret E
v = 0
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