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1 The mapping o2ftrue, o2f false,
o2fnull, o2f inval

Let expr , expr1, expr2, and src be expressions of the
appropriate type.

1.1 Boolean expressions

oclIsUndefined-expressions:

o2ftrue(expr .oclIsUndefined()) =
o2fnull(expr) ∨ o2f inval(expr).

o2f false(expr .oclIsUndefined()) =
¬(o2fnull(expr) ∨ o2f inval(expr)).

o2fnull(expr .oclIsUndefined()) = ⊥.

o2f inval(expr .oclIsUndefined()) = ⊥.

oclIsInvalid-expressions:

o2ftrue(expr .oclIsInvalid()) = o2f inval(expr).

o2f false(expr .oclIsInvalid()) = ¬(o2f inval(expr)).

o2fnull(expr .oclIsInvalid()) = ⊥.

o2f inval(expr .oclIsInvalid()) = ⊥.

oclIsTypeOf-expressions:

o2ftrue(expr .oclIsTypeOf(c)) =
OclIsTypeOf(o2feval(expr), c).

o2f false(expr .oclIsTypeOf(c)) =
¬(OclIsTypeOf(o2feval(expr), c)).

o2fnull(expr .oclIsTypeOf(c)) = ⊥.

o2f inval(expr .oclIsTypeOf(c)) = ⊥.

oclIsKindOf-expressions:

o2ftrue(expr .OclIsKindOf(c)) =
OclIsKindOf(o2feval(expr), c).

o2f false(expr .OclIsKindOf(c)) =
¬(OclIsKindOf(o2feval(expr), c)).

o2fnull(expr .OclIsKindOf(c)) = ⊥.

o2f inval(expr .OclIsKindOf(c)) = ⊥.

equality-expressions:

o2ftrue(expr1 = expr2) =
(o2fnull(expr1) ∧ o2fnull(expr2)) ∨
(o2feval(expr1) = o2feval(expr2)
∧ ¬(o2fnull(expr1) ∨ o2f inval(expr1)

∨ o2fnull(expr2) ∨ o2f inval(expr2))).

o2f false(expr1 = expr2) =
(¬(o2feval(expr1) = o2feval(expr2))
∧ ¬(o2fnull(expr1) ∨ o2f inval(expr1)

∨ o2fnull(expr2) ∨ o2f inval(expr2))).

o2fnull(expr1=expr2) = ⊥.

o2f inval(expr1=expr2) =
o2f inval(expr1) ∨ o2f inval(expr2)
∨ (o2fnull(expr1) ∧ ¬o2fnull(expr2))
∨ (¬o2fnull(expr1) ∧ o2fnull(expr2)).

inequality-expressions:

o2ftrue(expr1 <> expr2) =
(¬(o2feval(expr1) = o2feval(expr2))
∧ ¬(o2fnull(expr1) ∨ o2f inval(expr1)

∨ o2fnull(expr2) ∨ o2f inval(expr2))).
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o2f false(expr1 <> expr2) =
(o2fnull(expr1) ∧ o2fnull(expr2)) ∨
(o2feval(expr1) = o2feval(expr2)
∧ ¬(o2fnull(expr1) ∨ o2f inval(expr1)

∨ o2fnull(expr2) ∨ o2f inval(expr2))).

o2fnull(expr1 <> expr2) = ⊥.

o2f inval(expr1 <> expr2) =
o2f inval(expr1) ∨ o2f inval(expr2)
∨ (o2fnull(expr1) ∧ ¬o2fnull(expr2))
∨ (¬o2fnull(expr1) ∧ o2fnull(expr2)).

not-expressions:

o2ftrue(not(expr)) = o2f false(expr).

o2f false(not(expr)) = o2ftrue(expr).

o2fnull(not(expr)) = o2fnull(expr).

o2f inval(not(expr)) = o2f inval(expr).

and-expressions:

o2ftrue((expr1 and expr2)) =
o2ftrue(expr1) ∧ o2ftrue(expr2).

o2f false((expr1 and expr2)) =
o2f false(expr1) ∨ o2f false(expr2).

o2fnull(expr1 and expr2) =
o2fnull(expr1) ∧ o2fnull(expr2)
∨ (o2fnull(expr1) ∧ o2ftrue(expr2))
∨ (o2ftrue(expr1) ∧ o2fnull(expr2)).

o2f inval(expr1 and expr2) =
(o2f inval(expr1) ∧
(o2ftrue(expr2) ∨ o2fnull(expr2)
∨ o2f inval(expr2)))

∨ (o2f inval(expr2) ∧
(o2ftrue(expr1) ∨ o2fnull(expr1)
∨ o2f inval(expr1))).

or-expressions:

o2ftrue((expr1 or expr2)) =
o2ftrue(expr1) ∨ o2ftrue(expr2).

o2f false((expr1 or expr2)) =
o2f false(expr1) ∧ o2f false(expr2).

o2fnull(expr1 or expr2) =
o2fnull(expr1) ∧ o2fnull(expr2)
∨ (o2fnull(expr1) ∧ o2f false(expr2))
∨ (o2f false(expr1) ∧ o2fnull(expr2)).

o2f inval(expr1 or expr2) =
(o2f inval(expr1) ∧

(o2f false(expr2) ∨ o2fnull(expr2)
∨ o2f inval(expr2)))

∨ (o2f inval(expr2) ∧
(o2f false(expr1) ∨ o2fnull(expr1)
∨ o2f inval(expr1))).

implies-expressions:

o2ftrue((expr1 implies expr2)) =
o2f false(expr1) ∨ o2ftrue(expr2).

o2f false((expr1 implies expr2)) =
o2ftrue(expr1) ∧ o2f false(expr2).

o2fnull(expr1 implies expr2) =
(o2fnull(expr1) ∧

(o2ftrue(expr2) ∨ o2fnull(expr2)
∨ o2f false(expr2)))

∨ (o2fnull(expr2) ∧
(o2ftrue(expr1) ∨ o2fnull(expr1)
∨o2f false(expr1))).

o2f inval(expr1 implies expr2) =
(o2f inval(expr1) ∨ o2f inval(expr1)).

isEmpty-expressions:

o2ftrue(expr−>isEmpty()) =
∀(x)(¬(App(o2feval(expr), fVars(expr), x))
∧¬(o2f inval(expr))).

o2f false(expr−>isEmpty()) =
∃(x)(App(o2feval(expr), fVars(expr), x))
∧ ¬(o2f inval(expr)).

o2fnull(expr−>isEmpty()) = ⊥.
o2f inval(expr−>isEmpty()) = o2f inval(expr).
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notEmpty-expressions:

o2ftrue(expr−>notEmpty()) =
∃(x)(App(o2feval(expr), fVars(expr), x))
∧ ¬(o2f inval(expr)).

o2f false(expr−>notEmpty()) =
∀(x)(¬(App(o2feval(expr), fVars(expr), x))
∧ ¬(o2f inval(expr)).

o2fnull(expr−>notEmpty()) = ⊥.

o2f inval(expr−>notEmpty()) = o2f inval(expr).

forAll-expressions:

o2ftrue(src−>forall(x | body)) =
∀(x)(App(o2feval(src), fVars(src), x)
⇒ o2ftrue(body))

∧¬(o2f inval(src)).

o2f false(src−>forall(x | body)) =
∃(x)(App(o2feval(src), fVars(src), x)
∧ o2f false(body))

∧¬(o2f inval(src)).

o2fnull(src−>forAll(x | body)) =
¬ o2f inval(src)
∧ ∃(x)(App(o2feval(src), fVars(src), x)
∧ o2fnull(body))

∧ ∀(x)(App(o2feval(src), fVars(src), x)
⇒ (o2ftrue(body) ∨ o2fnull(body).

o2f inval(src−>forAll(x | body), ~v) =
o2f inval(src, ~v)
∨ ∃(x)([src][(~v, x) ∧ o2f inval(body [x 7→ x], ~v))
∧ ∀(x)([src][(~v, x)
⇒ (o2ftrue(body [x 7→ x], ~v)
∨ o2fnull(body [x 7→ x], ~v)
∨ o2f inval(body [x 7→ x], ~v))).

exists-expressions:

o2ftrue(src−>exists(x | body)) =
∃(x)(App(o2feval(src), fVars(src), x)
∧ o2ftrue(body))

∧¬(o2f inval(src)).

o2f false(src−>exists(x | body)) =
∀(x)(App(o2feval(src), fVars(src), x)
⇒ o2f false(body))

∧¬(o2f inval(src)).

o2fnull(src−>exists(x | body)) =
¬ o2f inval(src)
∧ ∃(x)(App(o2feval(src), fVars(src), x)

∧ o2fnull(body))
∧ ∀(x)(App(o2feval(src), fVars(src), x)
⇒ (o2f false(body) ∨ o2fnull(body).

o2f inval(src−>exists(x | body)) =
o2f inval(src)
∨ ∃(x)(App(o2feval(src), fVars(src), x)
∧o2f inval(body))

∧ ∀(x)(App(o2feval(src), fVars(src), x)
⇒ (o2f false(body)
∨ o2fnull(body) ∨ o2f inval(body))).

excludes-expressions:

o2ftrue(expr1−>excludes(expr2)) =
∀(x)(App(o2feval(expr1), fVars(expr1), x)
⇒ x 6= App(o2feval(expr2), fVars(expr2), []))

∧ ¬o2f inval(expr1) ∧ ¬o2f inval(expr2).

o2f false(expr1−>excludes(expr2)) =
∃(x)(App(o2feval(expr1), fVars(expr1), x)
∧ x = App(o2feval(expr2), fVars(expr2), []))

∧ ¬o2f inval(expr1) ∧ ¬o2f inval(expr2).

o2fnull(expr1−>excludes(expr2)) = ⊥.

o2f inval(expr1−>excludes(expr2))) =
o2f inval(expr1) ∨ o2f inval(expr2).

includes-expressions:

o2ftrue(expr1−>includes(expr2)) =
∃(x)(App(o2feval(expr1), fVars(expr1), x)
∧ x = App(o2feval(expr2), fVars(expr2), []))

∧ ¬o2f inval(expr1) ∧ ¬o2f inval(expr2).

o2f false(expr1−>includes(expr2)) =
∀(x)(App(o2feval(expr1), fVars(expr1), x)
⇒ x 6= App(o2feval(expr2), fVars(expr2), []))

∧ ¬o2f inval(expr1) ∧ ¬o2f inval(expr2).
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o2fnull(expr1−>includes(expr2)) = ⊥.

o2f inval(expr1−>includes(expr2)) =
o2f inval(expr1) ∨ o2f inval(expr2).

=-expressions (between sets):

o2ftrue((expr1 = expr2)) =
∀(x)(App(o2feval(expr1), fVars(expr1), x)
⇔ App(o2feval(expr2), fVars(expr2), x))

∧ ¬o2f inval(expr1) ∧ ¬o2f inval(expr2).

o2f false((expr1 = expr2)) =
∃(x)((App(o2feval(expr1), fVars(expr1), x)

∧ ¬(App(o2feval(expr2), fVars(expr2), x)))
∨ (¬(App(o2feval(expr1), fVars(expr1), x)
App(o2feval(expr2), fVars(expr2), x))))

∧ ¬o2f inval(expr1) ∧ ¬o2f inval(expr2)).

o2fnull((expr1 = expr2)) = ⊥.

o2f inval((expr1 = expr2)) =
o2f inval(expr1) ∨ o2f inval(expr2).

<>-expressions (between sets):

o2ftrue((expr1 <> expr2)) =
∃(x)((App(o2feval(expr1), fVars(expr1), x)

∧ ¬(App(o2feval(expr2), fVars(expr2), x)))
∨ (¬(App(o2feval(expr1), fVars(expr1), x)
App(o2feval(expr2), fVars(expr2), x))))

∧ ¬o2f inval(expr1) ∧ ¬o2f inval(expr2)).

o2f false((expr1 <> expr2)) =
∀(x)(App(o2feval(expr1), fVars(expr1), x)
⇔ App(o2feval(expr2), fVars(expr2), x))

∧ ¬o2f inval(expr1) ∧ ¬o2f inval(expr2).

o2fnull((expr1 <> expr2)) = ⊥.

o2f inval((expr1 <> expr2)) =
o2f inval(expr1) ∨ o2f inval(expr2).

includesAll-expressions:

o2ftrue(expr1−>includesAll(expr2)) =
∀(x)(App(o2feval(expr2), fVars(expr2), x)
⇒ App(o2feval(expr1), fVars(expr1), x))

∧ ¬o2f inval(expr1) ∧ ¬o2f inval(expr2).

o2f false(expr1−>includesAll(expr2)) =
∃(x)(App([expr2]

[, fVars(expr2), x)
∧ ¬(App(o2feval(expr1), fVars(expr1), x)))

∧ ¬o2f inval(expr1) ∧ ¬o2f inval(expr2).

o2fnull(expr1−>includesAll(expr2)) = ⊥.

o2f inval(expr1−>includesAll(expr2)) =
o2f inval(expr1) ∨ o2f inval(expr2).

excludesAll-expressions:

o2ftrue(expr1−>excludesAll(expr2)) =
∀(x)(App(o2feval(expr2), fVars(expr2), x)
⇒ ¬(App(o2feval(expr1), fVars(expr1), x)))

∧ ¬o2f inval(expr1) ∧ ¬o2f inval(expr2).

o2f false(expr1−>excludesAll(expr2)) =
∃(x)(App(o2feval(expr2), fVars(expr2), x)
∧ App(o2feval(expr1), fVars(expr1), x))

∧ ¬o2f inval(expr1) ∧ ¬o2f inval(expr2).

o2fnull(expr1−>excludesAll(expr2)) = ⊥.

o2f inval(expr1−>excludesAll(expr2)) =
o2f inval(expr1) ∨ o2f inval(expr2).

oclIsUndefined-expressions (over sets):

o2ftrue(src−>oclIsUndefined()) = ⊥.

o2f false(src−>oclIsUndefined()) = >.

o2fnull(expr−>oclIsUndefined()) = ⊥.

o2f inval(expr−>oclIsUndefined()) = ⊥.

oclIsInvalid-expressions (over sets):

o2ftrue(src−>oclIsInvalid()) = o2f inval(src).

o2f false(src−>oclIsInvalid()) = ¬(o2f inval(src)).

o2fnull(expr−>oclIsInvalid()) = ⊥.

o2f inval(expr−>oclIsInvalid()) = ⊥.
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1.2 Non-boolean expressions

integer-expressions (literals):

o2fnull(i) = ⊥.

o2f inval(i) = ⊥.

variable-expressions:

o2fnull(vt) = (vt = nullt).

o2f inval(vt) = (vt = invalt).

--expressions (unary):

o2fnull(-(expr)) = ⊥.

o2f inval(-(expr)) =
o2f inval(expr) ∨ o2fnull(expr).

op ∈ {+, -, *, div, concat, indexOf, at} -
expressions: For op ∈ {+, -, *, div},

o2fnull(expr1 op expr2, ~v) = ⊥.

o2f inval(expr op expr ′, ~v) =
o2fnull(expr1, ~v) ∨ o2f inval(expr1, ~v)
∨ o2fnull(expr2, ~v) ∨ o2f inval(expr2, ~v).

size-expressions:

o2fnull(expr .size(), ~v) = ⊥.

o2f inval(expr .size(), ~v) =
o2fnull(expr , ~v) ∨ o2f inval(expr).

substring-expressions:

o2fnull(expr1.substring(expr2, expr3)), ~v) = ⊥.

o2f inval(expr .substring(expr ′, expr ′′), ~v) =
o2fnull(expr1, ~v) ∨ o2f inval(expr1, ~v)
∨ o2fnull(expr2, ~v) ∨ o2f inval(expr2, ~v)
∨ o2fnull(expr3, ~v) ∨ o2f inval(expr3, ~v).

allInstances-expressions:

o2fnull(c.allInstances()) = ⊥.

o2f inval(c.allInstances()) = ⊥.

attribute-expressions:

o2fnull(expr .at) = (o2feval(expr .at) = nullOf(t).

o2f inval(expr .at) = o2fnull(expr) ∨ o2f inval(expr).

association-end-expressions (arity 0..1):

o2fnull(expr .as) = (o2feval(expr .as) = nullOf(t)).

o2f inval(expr .as) = o2fnull(expr) ∨ o2f inval(expr).

o2fnull(expr .as()) = ⊥.

o2f inval(expr .as()) = o2f inval(exp) ∨ o2fnull(exp).

max-expressions:

o2fnull(src−>max()) =
(App(o2feval(src−>max()), fVars(src), [])
= nullOf(Integer)).

o2f inval(src−>max()) =
(App(o2feval(src−>max()), fVars(src), [])
= invalOf(Integer)).

min-expressions:

o2fnull(src−>min()) =
(App(o2feval(src−>min()), fVars(src), [])
= null(Integer)).

o2f inval(src−>min()) =
(App(o2feval(src−>min()), fVars(src), [])
= inval(Integer)).

any-expressions:

o2fnull(src−>any(xt|body)) =
(App(o2feval(src−>any(xt|body)), fVars(src), xt)
= null(t)).

o2f inval(src−>any(xt|body)) =
(App(o2feval(src−>any(xt|body)), fVars(src), xt)
= inval(t)).

op ∈ {select, reject}-expressions:

o2fnull(src−> op(p | body)) = ⊥.

o2f inval(src−> op(p | body)) = o2f inval(src).

5



op ∈ {including, excluding, union}-expressions:

o2fnull(expr1)−> op(expr2) =
o2fnull(expr1) ∨ o2fnull(expr2).

o2f inval(expr1)−> op(expr2) =
o2f inval(expr1) ∨ o2f inval(expr2).

collect-expressions:

o2fnull(src−> collect(x|body)) = ⊥.

o2f inval(src−> collect(x|body)) =
o2f inval(src) ∨
∃(x)(App(o2feval(src), fVars(src), x) ∧ o2f inval(body)).

2 The mapping o2feval

integer-expressions (literals):

o2feval(i) = i.

variable-expressions:

o2feval(vt) = vt.

allInstances-expressions:

o2feval(c.allInstances()) = [c][.

association-end-expressions (multiplicity 0..1
or 1):

o2feval(expr .as) = as(o2feval(expr), as).

attribute-expressions:

o2feval(expr .at) = at(o2feval(expr), at).

it ∈ {select, reject, collect}-expressions:

o2feval(src−>it(x|body)) = [src−>it(x|body)][.

op ∈ {including, excluding, union, intersection, set-
difference, symmetricDifference}-expressions:

o2feval(expr1−>op(expr2)) = [src−>op()][.

op ∈ {max, min}-expressions:

o2feval(src−>op()) = [src−>op()]].

any-expressions:

o2feval(src−>any(x|body)) = [src−>any(x|body)]].

--expressions (unary):

o2feval(-(expr)) = −(o2feval(expr)).

op ∈ {+, -, *, div}-expressions:

o2feval(expr1 op expr2) =
o2feval(expr1) op o2feval(expr2).

op ∈ {+, concat}-expressions:

o2feval(expr1 op expr2) =
str.concat o2feval(expr1) o2feval(expr2).

op ∈ {size}-expressions:

o2feval(expr−> size()) =
str.len o2feval(expr1) o2feval(expr2).

op ∈ {at}-expressions:

o2feval(expr1.at(expr2)) =
str.at o2feval(expr1) o2feval(expr2).

op ∈ {indexOf}-expressions:

o2feval(expr1 op expr2) =
str.indexOf o2feval(expr1) o2feval(expr2) 0.

substring-expressions:

o2feval(expr1.substring(expr2, expr3)) =
str.substr o2feval(expr1) o2feval(expr2)
(o2feval(expr2 + o2feval(expr3)).

2.1 The mapping o2fdef

integer-expressions (literals):

o2fdfn(i) = ∅.
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variable-expressions:

o2fdfn(vt) = ∅.

allInstances-expressions:

o2fdfn(c.allInstances()) =
{o2fdfn c(c.allInstances())}.

attribute-expressions:

o2fdfn(expr .at()) =
{o2fdfn o(expr .at())} ∪ o2fdfn(expr).

association-end-expressions (multiplicity 0..1
or 1):

o2fdfn(expr .as()) =
{o2fdfn o(expr .as())} ∪ o2fdfn(expr).

association-end-expressions (multiplicity *):

o2fdfn(expr .as()) =
{o2fdfn c(expr .as())} ∪ o2fdfn(expr).

op ∈ {select, reject}-expressions:

o2fdfn(src−> op(p | body)) =
{o2fdfn c(src−> op(p | body))}
∪ o2fdfn(src) ∪ o2fdfn(body).

op ∈ {including, excluding, union}-expressions:

o2fdfn(expr1)−> op(expr2) =
{o2fdfn c(expr1)−> op(expr2))}
∪ o2fdfn(expr1) ∪ o2fdfn(expr2).

op ∈ {max, min, any}-expressions:

o2fdfn(src−> op()) =
{o2fdfn c(src−> op())} ∪ o2fdfn(src).

op ∈ {all the others}-expressions:

o2fdfn(op(expr1, . . . , exprn)) =⋃n
i=1 o2fdfn(expr i).

2.2 The mapping o2fdef c

allInstances-expressions:

o2fdef c(c.allInstances()) =
{∀(x)(App([c][, ∅, x)⇐⇒ (

∨
s�c(s(x))))}.

association-end-expressions (multiplicity *):

o2fdfn c(expr .as()) =
{∀(Y )∀(x)(App(o2feval(expr .as()), Y, x)
⇐⇒ as(o2feval(expr), x))}.

where Y = fVars(expr) and x 6∈ Y .

select-expressions:

o2fdfn c(src−>select(x | body)) =
{∀(Y )∀(x)(App(o2feval(src−>select(x | body)), Y, x)
⇐⇒

(App(o2feval(src), fVars(src), x) ∧ o2ftrue(body)))}.

where Y = fVars(src−>select(x | body)).

reject-expressions:

o2fdfn c(src−>reject(x | body)) =
{∀(Y )∀(x)(App(o2feval(src−>reject(x | body)), Y, x)
⇐⇒
(App(o2feval(src), fVars(src), x) ∧ o2f false(body)))}.

where Y = fVars(src−>reject(x | body)).

including-expressions:

o2fdfn c(src−>including(expr)) =
{∀(Y )∀(x)(App([src−>including(expr)][, Y, x)
⇐⇒
(App(o2feval(src), fVars(src), x) ∨ o2feval(expr) = x))}.

where Y = fVars(src−>including(expr)).

excluding-expressions:

o2fdfn c(src−>excluding(expr)) =
{∀(Y )∀(x)(App(o2feval(src−>excluding(expr)), Y, x)
⇐⇒
(App(o2feval(src), fVars(src), x) ∧ o2feval(expr) 6= x))}.

where Y = fVars(src−>excluding(expr)).
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union-expressions:

o2fdfn c(expr1−>union(expr2)) =
{∀(Y )∀(x)(App(o2feval(expr1−>union(expr2)), Y, x)
⇐⇒
(App(o2feval(expr1), fVars(expr1), x)
∨ App(o2feval(expr2), fVars(expr2), x)))}.

where Y = fVars(expr1−>union(expr2)).

intersection-expressions:

o2fdfn c(expr1−>intersection(expr2)) =
{∀(Y )∀(x)(App(o2feval(expr1−>inter−

section(expr2)), Y, x)
⇐⇒
(App(o2feval(expr1), fVars(expr1), x)
∧ App(o2feval(expr2), fVars(expr2), x)))}.

where Y = fVars(expr1−>intersection(expr2)).

set-difference-expressions:

o2fdfn c(expr1−>-(expr2)) =
{∀(Y )∀(x)(App(o2feval(expr1−>-(expr2)), Y, x)
⇐⇒
(App(o2feval(expr1), fVars(expr1), x)
∧ ¬(App(o2feval(expr2), fVars(expr2), x))))}.

where Y = fVars(expr1−>-(expr2)).

symmetricDifference-expressions:

o2fdfn c(expr1−>symmetricDifference(expr2)) =
{∀(Y )∀(x)(

App(o2feval(expr1−>symmetric−
Difference(expr2)), Y, x)
⇐⇒
(App(o2feval(expr1), fVars(expr1), x)
∧ ¬(App(o2feval(expr2), fVars(expr2), x))

∨ App(o2feval(expr2), fVars(expr2), x)
∧ ¬(App(o2feval(expr1), fVars(expr1), x))))}.

where Y = fVars(expr1−>symmetricDifference(expr2)).

collect-expressions (with body of type set):

o2fdfn c(src−>collect(x |body)−>asSet(), ~v) =
{∀(Y )∀(x)(App([src−>collect(x |body)−>asSet()], Y, x)
⇐⇒
∃(z)(App(o2feval(src), fVars(src), z)
∧ App(o2feval(body [x 7→ z]), fVars(body), x)))}.

where Y = fVars(src−>collect(x |body)−>asSet())
and z 6∈ Y .

collect-expressions (with body of class or prim-
itive type):

o2fdfn c(src−>collect(x |body)−>asSet()) =
{∀(Y )∀(x)(App(o2feval(src−>collect(x |body)−>asSet()), Y, x)
⇐⇒
∃(z)(App(o2feval(src), fVars(src), z)
∧ o2feval(body [x 7→ z]) = x))}.

where Y = fVars(src−>collect(x |body)−>asSet())
and z 6∈ Y .

2.3 The mapping o2fdfn o

max-expressions:

o2fdfn o(src−>max()) =
{App(o2feval(src−>max()), fVars(src)) = invalOf(Integer)
⇔ o2f inval(src),

App(o2feval(src−>max()), fVars(src)) = nullOf(Integer)
⇔ (¬(o2f inval(src))
∧ ∀(x)(App(o2feval(src), fVars(src), x)
⇒ x = nullOf(Integer))),

((App(o2feval(src−>max()), fVars(src)) 6= nullOf(Integer)
∧ App(o2feval(src−>max()), fVars(src)) 6= invalOf(Integer))
⇔ (¬(o2f inval(src))
∧ App(o2feval(src), fVars(src),

App(o2feval(src−>max()), fVars(src)))
∧ ∀(y)(App(o2feval(src), fVars(src), y)
⇒ App(o2feval(src−>max()), fVars(src)) ≥ y)))}.

min-expressions:

o2fdfn o(src−>min()) =
{App(o2feval(src−>min()), fVars(src)) = invalOf(Integer)
⇔ o2f inval(src),

App(o2feval(src−>min()), fVars(src)) = nullOf(Integer)
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⇔ (¬(o2f inval(src))
∧ ∀(x)(App(o2feval(src), fVars(src), x)
⇒ x = nullOf(Integer))),

((App(o2feval(src−>min()), fVars(src)) 6= nullOf(Integer)
∧ App(o2feval(src−>min()), fVars(src)) 6= invalOf(Integer))

⇔ (¬(o2f inval(src))
∧ App(o2feval(src), fVars(src),

App(o2feval(src−>min()), fVars(src)))
∧ ∀(y)(App(o2feval(src), fVars(src), y)

⇒ App(o2feval(src−>min()), fVars(src)) ≤ y)))}.

any-expressions:

o2fdfn o(src−>any(xt|body)) =
{App(o2feval(src−>any(x|body)), Y ) = invalOf(t)
⇔ o2f inval(src),

App(o2feval(src−>any(x|body)), fVars(src)) = nullOf(t)
⇔ (¬(o2f inval(src))

∧ ∀(x)(App(o2feval(src), fVars(src), x)
⇒ ¬(o2ftrue(body)))),

((App(o2feval(src−>any(x|body)), Y ) 6= nullOf(t)
∧ App(o2feval(src−>any(x|body)), Y ) 6= invalOf(t))

⇔ (¬(o2f inval(src))
∧ App(o2feval(src), fVars(src),

App(o2feval(src−>any(x|body)), Y ))
∧ o2ftrue(body [x 7→

App(o2feval(src−>any(x|body)), Y )))))}.

where Y = fVars(src−>any(x|body)).
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