
L ::={docHM} library literal
M ::= C : doc e | mht | mh e class member
H ::= m(F)<:π doc | interface<:π doc | trait<:π doc class header
F ::= T x doc | varT x doc field
e ::=L | x | π | void | e.m(doc e)|(doc XKe)|s e expression
| usingπ checkm(doc e) e

s ::= exception | error | return signal
X ::= T xdoc=e binding def.
K ::= catch x docO
O ::= on s πdoc e catch-match
mht ::=µ method doc T doc′m(T x doc) exceptionπ doc typed m. header
mhs ::= methoddoc m(x) method selector
mh ::= mht | mhs method header
m ::= xx | #xx method name
π ::= Outern::C | Any | Void | Library path
T ::=µπ | µπ^ | π.m type annotation
µ ::= immutable | shared | readable | lent | capsule | type modifiers

Notations
We represent with ∅ both the set of empty characters and empty lists
and maps. x , y and z metavariables denote lower case identifiers,
while C denotes upper case ones. We use _ to denote optionality;
in particular, T , var, x denote metavariables that can be either the
empty string ∅ or in the form of the corresponding terms. In the
same way, we use _ to denote multiplicity; in particular, O, T x , x :e
denote metavariables that can be a sequence of any number of the
corresponding terms. Method names are wrote without x if followed
by syntactic terms containing such parameter names. For example
e.x(x 1:e1...xn:en) instead of e.xx 1...xn(x 1:e1...xn:en). A K with
empty O is represented as ∅, and this will happens also in the rules.
Syntax well formedness
All parameter names declared within a given method header must
be unique. All binding names declared within a given method body
(forms X and catch x ) and its header must be unique. All methods in
a given class must be uniquely identified by their name m and the
sequence of their parameter names x . All binding names declared
within class initialization expressions of a given class must be unique.
All fields names in a given header must be unique. To avoid syntactic
ambiguities, expressions in the body of an on, using are of form (_)

Core Language Syntax

Lc ::={HMc}
Mc ::= C :Lc | mhec | mht

ec ::=Lc | x | π | void | ec.m(ec)
| (XcKcec) | s ec | usingπ check.m(ec) ec

Xc ::= T x =ec

Kc ::= catch x Oc
Oc ::= on s π ec

Ec ::=� | Ec.m(e) | e0
c.m(ec1Ece2) | s Ec

|(Xc1 T x =Ec X 2K e)|(Xccatch x Oc1on s π Ec O2e)|(XcKcEc)
usingπ check.m(ec1Ece2) e | usingπ check.m(ec)Ec
E? ::=� | E?.m(e) | e0.m(e1E?e2) | s E?
|(X 1 T x =E? X 2K e)|(X catch x O1on _E? O2e)|(XKE?)
usingπ check.m(e0E?e1) e | usingπ check.m(v)E?

Compiled Language Syntax, compilation context and E?

vp ::=π.m(vp)<with is-constr(p(π),m)> | x | (Xvpvp) | void | π | Lc
Xvp::= T x =vp

<we write just v and Xv when p is clear from the context>
Ep ::=�.m(e) | v0.m(v � e) | s � | usingπ check.m(v�e) e

Values Syntax and evaluation Ctx

σ ::=Xv0, ...,Xvn run time env
p ::=Lt0, ...,Ltn program type
Lt ::={H Mt}λ | ∅ | l class type

Γ ::= x 1 7→T 1, ..., xn 7→Tn

λ ::=	 | } | ⊕ | ~ stage
∆ ::= Γ; pt;µ;T ;π typing env

Mt ::= mhte | mhtabstract | mhtconstr | mhtfield | C :Lt member type

Auxiliary Syntax

Language 42
for more information L42.is

Definition:π0[fromπ1] = π2

Outern::C [from Outerm::C1...::Ck] = Outerm::C1...::Ck−n::C if n ≤ k
Outern::C [from Outerm::C1...::Ck] = Outerm+n−k::C if n > k
Any[from _] = Any Library[from _] = Library Void[from _] = Void

Definition: e0[fromπ] = e1, e0[fromπ]n = e1

e[fromπ] = e[fromπ]0
{HM}[fromπ]j = {H[fromπ]j+1M[fromπ]j+1}
Outerj+n::C 0[fromπ]j= Outerj+k::C 1withOutern::C 0[fromπ]= Outerk::C 1

Outern::C[fromπ]j = Outern::C with n < j
doc[fromπ]j replaces all substrings of the form @π0 and@(e)
with@π0[fromπ]j and@(e0[fromπ]j)

All cases for other expressions/terms propagate to submembers
Definition: Γ(x ), X (x ), p(π), L(π)

Γ(x ) : (_, x 7→T , _)(x ) = T

X (x ) : (X 1 T x =e X 2)(x ) = e
p(π) : (L0...Ln)(Outeri::C ) = Li(::C )
L(::C ) : {HM1 C :LM2}(::C ::C ) = L(::C ) and L() = L

Definition: pt(π)
(Lt0...Ltn)(Outeri::C ) = Lti(::C ) where Lt() = Lt, ∅(_) = ∅ and
{HMt

1 lC0 7→LtMt
2}λ(::C0::C ) = Lt(::C )

Definition: Type well formedness
Mt and Γ are maps, thus order is irrelevant and
Mt(m)=Mt=µ methodT m(T1 x1...Tn xn) exceptionπ_iffMt∈Mt

Mt(C ) = C 7→Lt iff C 7→Lt ∈Mt

Definition: dom(_)
the above function notations _(_) each implicitly defines a domain
dom(_) as the set of all inputs for which the function is defined

Definition: is-constr(Lt,m), is-set(Lt,m), is-get(Lt,m)
is-constr({_µ method _m(_) exception ∅constr _}λ,m)
is-get({_µ method _m() exception ∅field _}λ,m)
is-set({_µ method _m(T x) exception ∅field _}λ,m)

Definition: c-f-type(m(F1...Fn)) = mht

(1)type method lent Outer0 m(µ1 π1
^ x 1... µn πn^ xn) exception ∅constr

∈ c-f-type(m(var1 µ1 π1 x 1...varn µn πn xn))
iff {lent, readable} ∩ {µ1, ..., µn} 6= ∅

(2)type method shared Outer0 m(µ1 π1
^ x1... µn πn^ xn) exception ∅constr

∈ c-f-type(m(var1 µ1 π1 x1...varn µn πn xn))
iff {lent, readable} ∩ {µ1, ..., µn} = ∅

(4)shared method immutable Void x that(µπ that) exception ∅field
∈ c-f-type(m(F1 varµπ x F2))

(5)shared methodµ′π#x() exception ∅field ∈ c-f-type(m(F1 µπ x F2))
withµ′= lent iff µ = capsule, µ′= µ otherwise

(6)readable method readableπ x() exception ∅field ∈ c-f-type(m(F1 µπ x F2))
iff µ ∈ {capsule, shared, lent}, otherwise

readable methodµπ x() exception ∅field ∈ c-f-type(m(F1 µπ x F2))
Definition: _ inside _
^ inside Γ holds iff Γ(_) = _^
µ inside T1...Tn holds iff µ _ ∈ T1...Tn or µ _^ ∈ T1...Tn
µ inside Γ holds iff Γ(_) = µ _ or Γ(_) = µ _^
µ inside (Γ; _; _; _) holds iff µ inside Γ

x inside {H_C :, e_}, p iff T x =_ inside e
X inside (Xv1, ...,Xvn) iff X ∈ Xviwith i ∈ 1..n
X inside e iff e = E?[(X 0XX 1Ke0)]
e0 inside e1 holds iffe1 = E?[e0]

or e1 = E?[(X catch yO1onπ1 π2 xe2O2e3)] and e0 = x

1



(L
IB

-T
) ∆ ` L : immutable Library

with
pt

∆ ` L : {_}λ1

λ1 =	iffλ∆ ∈ {	,}}
λ1 =⊕iffλ∆ ∈ {⊕,~}

(P
A

T
H

-S
T

R
IC

T
)

∆ ` π : typeπ
with
pt

∆
(π)={.m(_)<:π _}~

λ∆ 6= 	 (P
A

T
H

-R
E

L
A

X
)

∆ ` π : typeπ
with
pt

∆
(π)= {H _}λ

λ∆ ∈ {⊕,	}
if λ = 	 then λ∆ = 	
H not of form interface<:_

(P
A

T
H

-A
N

Y
)

∆ ` π : type Any
with
pt

∆
(π) = {_}λ

if λ = 	 then λ∆ = 	

(V
O

ID
-T

)

∆ ` void : capsule Void

(B
IN

D
IN

G
-T

)

∆ ` x : T [µ∆]
with

either Γ∆(x ) = varT
orx /∈dom(Γ∆) andλ∆ =	

(L
O

O
P
-T

) ∆ ` e : immutable Void

Γ ◦∆ ` loop e : immutable Void
with

not capsule inside ∆ (D
E

C
-F

IR
S

T-
T

)

∆ ` (X 0K(X 1Ke0)) : T

∆ ` (X 0 X 1Ke0) : T

(S
A

T
IS

F
Y

-T
) ∆[µ := ∅] ` e : T

∆ ` e : T
with
∀µ∈µ∆ :notµ insideT,T

∆

(D
E

C
-L

E
N

T-
T

) Γ1 ◦∆ ` e1 : lentπ
(Γ0 ◦∆)[shared] ` ( sharedπ x =error voidKe0) : T

Γ0 ◦ Γ1 ◦∆ ` (T 1 x =e1K e0) : T [shared]
with

not capsule inside ∆

(D
E

C
-T

)

Γ0 ◦∆ ` K : T | T ;π

(Γ1 ◦∆ ◦ T ;π)[K] ` X : Γ′0 | Γ′
Γ′0 ◦ Γ0 ◦∆ ` e0 : T
Γ′◦ Γ0 ◦∆ ` e0 : _

Γ ◦ Γ0 ◦ Γ1 ◦∆ ` (X K e0) : T
with

not capsule inside ∆
if ^ inside Γ0,Γ1,Γ

∆ then ^ inside T

(V
-A

S
S
-T

) ∆` (T x 0=e x 0) :T

∆ ` x :=e : immutable Void
with

Γ∆(x ) = varT

(M
E

T
H

-I
N

V
K

-T
) ∆[µ := ∅] ` e0 : _π

∆ ` invokeπ(mht, e0, ..., en, error void) :T

∆ ` e0.m(x 1:e1...xn:en) : T
with
pt

∆
(π) = {HMt}

mht =Mt(method.m(x 1...xn))[fromπ]

(M
E

T
H

-U
N

K
N

O
W

N
-T

)

∆[µ := ∅] ` e0 : _π
∆ ` e : T

∆ ` e0.m(x 1:e1...xn:en) : T
with
pt

∆
(π) = ∅ and λ∆ = 	

e=(y0=e0 y1=e1...yn=en error void)

(S
IG

N
A

L
-T

)

∆ ` (µπ x =e x) : µπ

∆ ` s e : T
with

ifs= returnthenµπ=T
∆

ifs 6= returnthenµ= immutable
ifs= exceptionthenπ∈π∆

ifs= errororµ= typethenπ= Any

(U
S

IN
G

-T
) ∆ ` (T1y1=e1...Tnyn=en(T 0 y0=e0catch y on error Any (error y)y0)) : T 0

∆ `x usingπ check.m(x 1:e1...xn:en) e0 : T 0
with
plg ;T 0...Tn = plugin(pt

∆
, π,.m(x 1...xn))

y , y0...yn fresh

∆ ` e : T
(C

A
T

C
H

-D
IS

PA
T

C
H

) ∀i ∈ 1..n : ∆ ` xOi : T | T i;πi

∆ ` catch x O1...On : T | T ;π1 ∪ ... ∪ πn
with
∀i ∈ 1..n : T i ∈ {∅, µ _}
T = T iff T 1, ...,Tn = _,T , ∅, ..., ∅
T = ∅ otherwise

(O
N

)

x 7→µπ ◦∆ ` e : T

∆ ` x on s π e : T | T ;π
with

eithers= return or µ= immutable
eithers= return and T ;π=µπ;∅
or s = error and T ;π= ∅;∅
or s = exception and T ;π= ∅;π

(B
IN

D
IN

G
-D

E
C

)

∀i ∈ 1..n : Γ ◦ Γi ◦∆ ` ei : T i

∀i ∈ 1..n : toPh(Γ) ◦ Γi ◦∆i ` ei : _

Γ1 ◦ ... ◦ Γn ◦∆ ` X : Γ | Γ′
with
X = var1 T 1 x 1=e1...varn Tn xn=en
not capsule inside ∆

Γ = {x i 7→ vari T i|i ∈ 1..n,T i = T ′i}
∀i ∈ 1..n : ∆i = ∆[µ :=µ∆ ∪ cost-of∆(T i ≤ T ′i)]
Γ′= Γ iff ∀i ∈ 1..n : toPh(Γ) ◦ obj(Γi ◦∆i) ` ei : _
and not ^ inside Γ otherwise Γ′= toPh(Γ)

(O
N

-E
X

C
-A

N
Y

)

x 7→ immutable Any ◦∆ ◦ ∅; Any ` e : T
∀π ∈ π : x 7→ immutableπ ◦∆ ` e : T

∆ ` x on exception Any e : T | ∅; ∅

(O
N

-R
E

T-
A

N
Y

-1
)

x 7→ readable Any ◦∆ ◦ readable Any; ∅ ` e : T
x 7→ type Any ◦∆ ◦ type Any; ∅ ` e : T

∆ ` x on return Any e : T | ∅; ∅

(O
N

-R
E

T-
A

N
Y

-2
)

x 7→ readable Any ◦∆ ` e : readable Any
x 7→ type Any ◦∆ ` e : type Any

∆ ` x on return Any e : T | T ; ∅

∆ ` X : Γ0 | Γ, ∆ ` K : T | T ;π, ∆ ` x O : T | T ;π

(L
IB

R
A

R
Y

-T
) Lt, pt ` H0M0 : H1Mt

∀i ∈ 1..n : Lt, pt ` Mi :Mt
i

pt ` {docH0M} : Lt
with
M0;M1...Mn are impl;decl ofM
Lt = {docH1MtMt

1...Mt
n}λ0

(N
E

S
T

E
D

-E
M

P
T

Y
-T

)

∅;Lt1, pt;	;∅;∅;∅ ` e : immutable Library

Lt0, pt ` C :e : C :∅
with
Lt0 = {HMtC :∅}λ
Lt1 = {HMtC :l}λ

λ ∈ {	,}}

(N
E

S
T

E
D

-T
)

{HMt}λ,Lt1, pt ` L : {HMt}λ

Lt0, pt ` C :L : C :{HMt}λ
with
Lt0 = {H1MtC :{HMt}λ}λ0

Lt1 = {H1MtC :l}λ0

λ0 6= 	
if λ0 6= } then λ0 = λ

(M
E

T
H

-T
)

pt ` mht : mhtabstract

(M
E

T
H

-T
-D

E
F
) ∅;{HMt}λ, pt; ∅; ∅;π ` e0 : T

{HMt}λ, pt ` mh:e :Mt(mh)e
with
e0 = invokeOuter0(Mt(mh), e)

Mt(mh)=_ methodT m(_) exceptionπ

(I
N

T
E

R
FA

C
E

-T
)

pt ` interface<:π : interface<:methodTypespt(π)
with
∀π ∈ π : pt(π) is of form {interface<:_ _}
singledeclpt(π)

(T
R

A
IT

-T
)

pt ` interface<:π : interface<:πmht

∀i ∈ 1..n : pt;λ ` Mi : mhti

pt ` trait<:πM1...Mn : trait<:πmht
with
mht1...mhtn ⊆ mht

λp
t 6= ~

(C
O

N
C

R
E

T
E

-T
)

pt ` interface<:π : interface<:πmht0
∀i ∈ 1..n : pt ` Mi : mhti

pt ` m(F)<:πM1...Mn : <:πmht0 ∪mht1
with
mht1 = c-f-type(m(F))

mht1...mhtn ⊆ mht0
if λp

t

= ~ then mht1...mhtn = mht0

pt ` L : Lt, pt ` H0M : H1mht, pt ` M :Mt

2



Definition: ∆ notations

Γ∆ : Γ(Γ;pt;µ;T ;π) = Γ

T
∆

: T
(Γ;pt;µ;T ;π)

= T

λ∆ : λ∆ = λp
t∆

µ∆ : µ(Γ;pt;µ;T ;π) = µ

π∆ : π(Γ;pt;µ;T ;π) = π

pt
∆

: pt
(Γ;pt;µ;T ;π)

= pt

λp
t

: λ{HM
t}λ,pt = λ

∆[µ :=µ1] : (Γ; pt;µ0;T ;π)[µ :=µ1] = Γ; pt;µ1;T ;π

Γ ◦∆ : Γ0 ◦ (Γ1; pt;µ;T ;π) = (Γ0,Γ1; pt;µ;T ;π)

∆ ◦ T ;π : (Γ; pt;µ;T ;π1) ◦ T ;π2 = Γ; pt;µ;T ;π1, π2

(Γ; pt;µ;T ;π1) ◦ ∅;π2 = Γ; pt;µ;T ;π1, π2

Definition: extract variable x in binding z : σ[+= z := x ]
(a)(Xv1, ...,Xvn)[+= z := x ] = Xv1[+= z := x ], ...,Xvn[+= z := x ]
(b)(Xv1 varT x =v Xv2)[+= z := x ] = Xv1 (varT x =v)[+= z := x ]Xv2

(c)Xv[+= z := x ] = Xv with x /∈ dom(Xv)
(d)varT x =v [+= z := x ] = T z =v varT x =z
Definition: make v visible in scope of x : σ[x ↖ v ]
(a)(Xv, σ)[x ↖ v ] = Xv, σ if x ∈ dom(Xv)
(b)(Xv,Xv0, σ)[x ↖ v ] = Xv1, ((Xv \ Xv1)Xv0, σ)[x ↖ v ]

ifx /∈ dom(Xv) and garbage-of((Xv v)) = Xv1

Definition: update variable x with v : σ[x := v ]
(a)(Xv1, ...,Xvn)[x := v ] = Xv1[x := v ], ...,Xvn[x := v ]
(b)(Xv1 varT x =v Xv2)[x := v ] = Xv1 (varT x =v)[x := v ]Xv2

(c)Xv[x := v ] = Xv with x /∈ dom(Xv)
(d)varT x =v0[x := v ] = varT x =v
Definition: extract field x .y in binding z : σ[+= z := x .y ]
(a)(Xv1, ...,Xvn)[+= z := x .y ] = Xv1[+= z := x .y ], ...,Xvn[+= z := x .y ]
(b)(Xv1varTx =v Xv2)[+= z := x .y ]=Xv1(varTx =v)[+= z := x .y ]Xv2

(c)Xv[+= z := x .y ] = Xv with x /∈ dom(Xv)
(d)varT x =π.m(x :v1 y :v x :v2)[+= z := x .y ]

= varT x =π.m(x :v1 y :z x :v2) T ′[fromπ] z =v
if p(π) = {.m(F1 _T ′y F2)_}

(e)varT x =(Xv0v0)[+= z := x .y ] = Xv2 T z =v2 varT x =(Xv3v1)
(e1) iff T x =v0[+= z := x .y ] = Xv1 T z =v2 T x =v1

(e2) and ( x =void,Xv0 Xv1)[x ↖ v2] = Xv2 x =void,Xv3

Definition: update field x .y with v : σ[x .y := v ]
(a)(Xv1, ...,Xvn)[x .y := v ] = Xv1[x .y := v ], ...,Xvn[x .y := v ]
(b)(Xv1 varT x =v0 Xv2)[x .y := v ]=Xv1 (varT x =v0)[x .y := v ]Xv2

(c)Xv[x .y := v ] = Xv with x /∈ dom(Xv)
(d)varTx =π.m(x :v1 y :_ x :v2)[x .y := v ]= varTx =π.m(x :v1 y :v x :v2)
(e)varT x =(Xvv0)[x .y := v ] = varT x =(Xvv1)

with varT x =v0[x .y := v ] = varT x =v1

Definition: invokeπ(mht, e), invokeπ(mht, e0, ..., en, e)
invokeπ(mht, e) = invokeπ(mht, error void, ..., error void, e)
invokeπ(mht, e0, ..., en, e) = (µπ this=e0 T1x1=e1...Tnxn=en T x =e x)

with mht = µ methodT m(T1 x1...Tn xn) exceptionπ
[Marco:alpha renaming for parameter names?]

Definition: inferTypept(e)=e0, inferTypept(Γ, e)=T , classOfpt,σ(v)=π
inferTypept(e) = E?[(X 0var inferTypept(Γ, e) x =eX 1Ke2)]
with e=E?[(X 0var x =eX 1Ke2)] and Γ = {x 7→T | varT x =_ inside e}

∪{x 7→immutableπ | E?=E?0[(X catch xO0onπ E?1O1_)]}
inferTypept(Γ, x ) = T iff T = Γ(x )
inferTypept(Γ, e.m(x 1:e1...xn:en)) = T iff inferTypept(Γ, e) = _π,
pt(π)={HMt}λandMt(methodm(x 1,...,xn))=_methodTm(_) exception _

inferTypept(Γ,(XKe)) = inferTypept(Γ, e)
inferTypept(Γ, x := e) = inferTypept(Γ, void) = immutable Void
inferTypept(Γ,L) = immutable Library
inferTypept(Γ, π) = type Any iff pt(π) = {interface<:_ _}
otherwise inferTypept(Γ, π) = typeπ

classOfpt,σ(v) = π iff inferTypept(Γ)e = µπ
where Γ(x )=T iff_T x =v insideσ

Definition: resolvept(T 0) = T 1

resolvept(µπ1^) = µπ1^

resolvept(πm0m1m)= resolvept(π1m1m)iff resolvept(π0m)=µπ1^

resolvept(π0m) = resolvept(T )

iff pt(π0) = {HMt}λ andMt(m) = _ methodT m(_) exception _

Definition:M0;M1 are impl;decl ofM
∅; ∅ are impl;decl of ∅ and assumingM0;M1 are impl;decl ofM ,
mhs:eM0;M1 are impl;decl of mhs:eM, otherwise
M0;M,M1 are impl;decl ofM,M.

Definition: modifiers restriction µ0
[µ] = µ1

(a)µ[µ] = µ if µ /∈ µ
otherwise shared[µ] = lent if lent /∈ µ
otherwise shared[µ] = lent[µ] = immutable[µ] = readable[µ] = readable

(b)µπ[µ] = µ[µ] π and µπ^[µ] = µ[µ] π^
(c)(T1...Tn)[µ] = T1

[µ] ...Tn[µ]

(d)(x1 7→T1, ..., xn 7→Tn)[µ] = x1 7→T1
[µ] , ..., xn 7→Tn[µ]

(e)(Γ; pt;λ;µ0;T ;π)[µ] = Γ[µ] ; pt;λ;µ0;T ;π
(f)∆[catch x on s1 π1e1...on sn πnen] = ∆ iff s1...sn ⊆ {return, exception}

∆[K] = ∆[shared, lent] otherwise
Definition:µ1 ≤ µ2, cost-of∆(T ≤ T ), cost-of(µ1 ≤ µ2)
(a)µ ≤ µ, shared ≤ lent, and with µ 6= type capsule ≤ µ and µ ≤ readable
(b)cost-of(µ1 ≤ µ2) = ∅ if µ1 ≤ µ2

(c)cost-of(shared ≤ µ) = shared if µ 6= type
(d)cost-of(lent ≤ immutable) = shared, lent
(e)cost-of(readable ≤ immutable) = shared, lent, readable
(f)cost-of∆(µ1 π1 ≤ µ2 π2) = cost-of(µ1 ≤ µ2) with pt

∆ ` π1 ≤ π0

Definition: toPh(Γ)
toPh(∅) = ∅
toPh(x 7→ varµπ Γ) = toPh(x 7→ varµπ^Γ) =x 7→µπ^ toPh(Γ)

Definition: obj(∆)
obj(Γ; pt;µ) = obj(Γ \ x 7→ varµ π̂ ; pt;µ) if x 7→ varµ π̂ ∈ Γ
otherwise obj(∆) = ∆

Definition:X 0 \ X 1 = X
X is the biggest (possibly non-contiguous) subsequence of X 0

such that ∀x ∈ dom(X 1) : not x ∈ dom(X 0)
Definition: garbage-of((Xv e)) = Xv1

Xv1 is the biggest (possibly non-contiguous) subsequence of Xv

such that ∀x ∈ dom(Xv1) : not x inside (Xv \ Xv1 e)

Definition: normpt(π)
normpt(Outeri+1::C ::C ) = normpt(Outeri::C )

iff pt(Outeri+1) = {HMt lC 7→_}λ normpt(π) = π otherwise
Definition: superpt(π), directSpt(π0)

normpt(π1) ∈ superpt(π0)
iff π0 ∈ π0, π1 ∈ directSpt(π0) ∪ superpt(directSpt(π0))

directSpt(π0)=π1 iff pt(normpt(π0))[from normpt(π0)] = {_<:π1 _}
Definition: pt ` π0 ≤ π1

pt ` π0 ≤ π1 iff π1 ∈ superpt(π0) ∪ π0 ∪ Any
Definition: pt ` T 0 ≤ T 1

pt ` T 0 ≤ T 1 iff pt ` resolvept(T 0) ≤ resolvept(T 1)

pt ` µ0 π0^0 ≤ µ1 π1^1 iff pt ` π0 ≤ π1and ^0 ∈ {^1, ^} and
` µ0 ≤ µ1 withcapsule< shared< lent< readable, capsule< immutable< readable

Definition: srcpt(mhs, π)

srcpt(mhs, π) iff pt(π) = {_<:πMt}λ and
Mt(mhs) is defined and ∀πi ∈ superpt(π) :

pt(πi) = {_Mt
i} andMt

i(mhs) is undefined
Definition: singledeclpt(π)

singledeclpt(π) iff ∀mhs : ∀π1, π2 ∈ superpt(π) :
srcpt(mhs, π1)andsrcpt(mhs, π2) impliesπ1 = π2

Definition: methodTypespt(π)

methodTypespt(π) = {Mt(mhs)[fromπ]|
pt(π) = {HMt}λ, π ∈ superpt(π), srcpt(mhs, π)}
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(R
-M

E
T

H
O

D
) σ|v0.m(x1:v1...xn:vn)−−→

p;pt
σ|invokeπ(mht[fromπ], v0, ..., vn, e[fromπ])

with
classOfσ(v0) = π
p(π) = {HM1 mh:eM2}
pt(π) = {H′Mt}~

mht =Mt(mh) = _ method _m(x1_...xn_) exception _

(R
-E

X
PA

N
D

)

σ|(Xv v0).m(x1:v1...xn:vn)−−→
p;pt

σ|(Xv v0.m(x1:v1...xn:vn))

with
classOfσ((Xv v0)) = π
either is-set(p(π),.m(x1...xn)) or is-get(p(π),.m(x1...xn))

(R
-C

T
X

) σ0|e0−−→
p;pt

σ1|e1

σ0|Ep [e0]−−→
p;pt

σ1|Ep [e1]
(R

-L
O

O
P
)

σ|loope0−−→
p;pt

σ|e1

with
e1 = ( immutable Void z =e0 loope0)

(R
-V

A
R

)

σ|x−−→
p;pt

σ[+= z := x ]|z
with

var _ x =_ inside σ (R
-V

A
R

-A
S

S
)

σ|x :=v−−→
p;pt

σ[x ↖ v ][x := v ]|void
with

var _ x =_ inside σ

(R
-V

A
L

-C
O

N
S

T
R

)

σ|v.m(x :v)−−→
p;pt

σ|π.m(x :v)

with
v not of form π
classOfσ(v) = π
x :v = x 1:_...xn:_
is-constr(p(π),.m(x 1...xn))

(R
-C

O
N

S
T

R
-G

E
T

)

σ|π.m0(x 1:v1...xn:vn).m1()−−→
p;pt

σ|v i
with

is-constr(p(π),.m0(x 1...xn))
is-get(p(π),.m1())
_x i = m1

(R
-C

O
N

S
T

R
-S

E
T

)

σ|π.m0(x 1:v1...xn:vn).m1(y :v)−−→
p;pt

σ|void
with

is-constr(p(π),.m0(x 1...xn))
is-set(p(π),.m1(y))

(R
-A

L
IA

S
-G

E
T

)

σ|x.m()−−→
p;pt

σ[+= z := x .x i]|z
with

classOfσ(x ) = π
is-get(p(π),.m())
_x i = m

(R
-A

L
IA

S
-S

E
T

)

σ|z.m(y :v)−−→
p;pt

σ[z ↖ v ][z .x i := v ]|void
with

classOfσ(z ) = π
is-set(p(π),.m(y))
_x i = m

(R
-U

S
IN

G
-P

R
O

P
) σ|e0−−→

p;pt
σ|e1

σ|usingπ check.m(y :v) e0−−→
p;pt

σ|usingπ check.m(y :v) e1

with
plg ; _ = plugin(pt, π1, π2,.m(x 1...xn))
execute(plg , p, r , σ,X , y1...yn) is undefined

(R
-U

S
IN

G
) σ|usingπ check.m(x 1:v1...xn:vn) e0−−→

p;pt
σ|e

with
plg ;T_ = plugin(pt, π,.m(x 1...xn))
e = execute(plg , p, σ,X , v1...vn, e0) and e ∈ {v , error v}
∅; pt;}; ∅; ∅; ∅ ` e : T
if ∃i ∈ 1..n such that ∅;pt;~;∅;∅;∅ `(σv i) : _ then ∅;pt;~;∅;∅;∅ ` v : _

(R
-C

A
P

T
U

R
E

)

σ|(Xv varT x =Ep [s v ] X K e)−−→
p;pt

σ|(Xv′ z =v e0)

with
K = catch z on s π0 e0O
pt ` classOfσ(v) ≤ π0

Xv′= Xv \ garbage-of((Xv v))

(R
-O

N
-O

U
T

)

σ|(X 0catch z OOe0)−−→
p;pt

σ|(X 0catch z Oe0)

with
(R-CAPTURE) not applicable
either X 0 = Xv

or X 0 = Xv varT x =Ep [s0 v ]X

(R
-R

E
F

E
R

E
N

C
E

)
σ|E?[x ]−−→

p;pt
σ|E?[v ]

with
(Xv T x =v XKe)=E?[x ]
v of form z

(R
-R

)

σ0|e0−−→
p;pt

σ1|e1

σ0|(Xv varT x =e0XKe)−−→
p;pt

σ1|(Xv varT x =e1XKe)

(R
-P

R
O

P
)

σ|(Xv varT x =Ep [s v ]X e)−−→
p;pt

σ|s (Xv′v)

with
Xv′= Xv \ garbage-of((Xv v))

(R
-E

M
B

E
D

)

σ|(Xv _T x =v XKe0)−−→
p;pt

σ|E?[v ]

with
(XvXKe0) = E?[x ]
not x inside E?[v ]

(R
-I

N
)

Xv0, σ0|e0−−→
p;pt
Xv1, σ1|e1

σ0|(Xv0e0)−−→
p;pt

σ1|(Xv1e1)

(R
-G

A
R

B
A

G
E

)

σ|(Xv e)−−→
p;pt

σ|(Xv′e)

with
Xv′= Xv \ garbage-of((Xv e))

(R
-O

U
T

)

σ|(e)−−→
p;pt

σ|e

(R
-M

E
TA

)

pt1 ` L0 : {HMtC 7→∅}}

∅; pt2; ∅; ∅; ∅ ` e1 : Library
∅|e1−−−−→

p2;pt2
∅|e2

σ|L0−−−−→
p1;pt1

σ|{HMc
1 C :e2M2}

with
L0 = {HMc

1 C :e1M2}
p2; pt2 = L0, p1;{HMt lC 7→∅}}, pt1

(R
-M

E
TA

-M
E

T
H

O
D

) pt1 ` L0 : {H0Mt}}

∅|L1−−−−→
p2;pt2

∅|L2

σ|L0−−−−→
p1;pt1

σ|L3

with
L0 = {HMc

1 mh Ec[L1]M2}
L3 = {HMc

1 mh Ec[L2]M2}
p2; pt2 = L0, p1;{H0Mt}}, pt1

(R
-L

O
A

D
) pt ` Lc : {_}~

σ|{HcMc
}−−→

p;pt
σ|{HcMc

C :’@privateLc}

(R
-I

N
F

E
R

-1
) pt ` {H0M0 C :e0M1} : {H1Mt}	

σ|{H0M0 C :e0M1}−−→
p;pt

σ|{H0M0 C :e1M1}

with
e1 = inferType

pt,{H1Mt}	(e0)

(R
-I

N
F

E
R

-2
) pt ` {H0M0 mh:e0M1} : {H1Mt}	

σ|{H0M0 mh:e0M1}−−→
p;pt

σ|{H0M0 mh:e1M1}

with
e = invokeOuter0(Mt(mh), e0)
(X T x =e1x) = inferType

pt,{H1Mt}	(e)

σ1|e1−−→
p;pt

σ2|e2
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Desugering and compilation process
With L as a source in the sugared language JLK∅ is the
corresponding desugared term. An execution process
is a sequence L0...Ln such that
∅|L0 −→

∅
∅|... −→

∅
∅|Ln.

Normal forms are results: either library literals well-
typed in ~ or representations of an error. Plugins
are obtained (plugin(pt, π,.m(x))) from library types
(often containing an url doc) extracted from a pro-
gram type pt. Plugins monitor execution of code e
(execute(plg , p, σ,X , v , e)). Semantic extensions are
defined by providing different plug-ins implementations
through some urls.

Concrete syntax
immutable, trait, exception∅ in mh and <:∅ in H are repre-
sented with the empty string. catch x ∅ is represented
with the empty string, and is omitted also in the formal-
ism.
EOL can be omitted after the reuse sequence of character
if no members are present. White-space consists of
<space>, EOL and ‘,’.
Well formedness
All the well formednes restriction of the core syntax
applies here. Moreover in a B all X i except the first are
not empty and only the last Ki can be omitted (having
an empty O). A B can not be empty. with ∅ ∅ ∅ _ is not
well formed; with x X I OsOwB is well formed if the
number of types T 1...Tn in each on is the same of the
sum of the cardinalities of x , X and I. Moreover, x
must be empty if Ow is empty. B is not empty if Ow is
empty.
There must not be any whitespace preceding the symbol
‘"’ in string expressions or π in number expression.
For all blocks of form {X 1K1...XnKn},
terminating(J(X 1K1...XnKnvoid)Kp) holds. Method
names in method calls (using the dot) must be of form
x or #x .
Operator precedence
Postfix unary operators (as method calls) have the
strongest precedence of all, then prefix unary operators
and finally binary operators. A sequence of identical
binary operators associate from left to right, so that
a+b+c is equivalent to (a+b)+c, but sequences of dif-
ferent operators with the same precedences, like a+b*c,
are not well formed.

s ::= return | error | exception results
µ ::= type | shared | readable | lent | capsule | immutable type modifiers
ident ::= < [_,a..z,A..Z„$,%] [_,a..z,A..Z,$,%,0..9]*> identifiers
C ::= <ident starting upper-case except Any, Void, Library> Class names
x , y , z ::= <ident starting lower-case (or _) except keywords> variable names
m ::= xx | #xx | ∅x | unOp | eqOp that | binOp that method names
doc ::= strLine1...strLinen<often omitted for brevity> documentation
strLine ::= <spaces> ’<sequence of char excluding EOL>EOL line of documentation
string ::= <any sequence of char excluding (") and EOL> simple string

| EOL doc<spaces><where doc is not empty> multi line string
char ::= <a subset of all character; around ∼ 100 symbols> source chars
num ::=0 | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 | .
unOp ::=! | ∼
eqOp ::=+= | -= | *= | /= | &= | |= | »= | «= | ++= | **= | := requires x as left value
boolOp ::=& | | weak precedence
relOp ::=< | > | == | <= | >= medium precedence
dataOp ::=+ | - | * | / | « | » | ++ | ** strong precedence
binOp ::= boolOp | relOp | dataOp binary operators
url ::= <sequence of char excluding <space>,EOL, { and }>

Atomic Language Terms

e ::=L | x | π | void | num numπ | π"string" expression
| s e | x eqOp e | unOp e | e1binOp e2 | e(doc ps)
| if e B1 elseB2 | while e B | W B | e doc | e.m(doc ps) | B
| e[doc ps1;doc1... psn;docn]|e[docWB]
| usingπ checkm(doc ps) e
B ::=(doc X 1K1...XnKn e) | {doc X 1K1...XnKn} expression-block
K ::= catch x O result handler
ps ::= e x :e parameters
X ::= varT x =e | e<e 6= x> | C :e statement
I ::= varT x in e | varT 1 x 1 in T 2 x 2=e iterator decl.
O ::= on s πif e B signal handler
W ::= with x I X OsOw with
Os ::= on startB
Ow ::= onT 1...Tnif e B | if e B type-case
H ::= m(F)<:π | interface <:π | trait <:π lib. node header
F ::= varT doc x field
π ::= C ::C | Outern::C | Any | Void | Library node path
L ::={docHM} | {reuse url EOLM } library literal
M ::= mht | mhe | C :doc e | C :...doc node members
mht ::=µ method docT m(T x) exceptionπ typed meth. header
mhs ::= methoddoc m(x) meth. selector
mh ::= mht | mhs meth. header
T ::=µπ | µπ^ | πm obj. and ph. type

Complete Language Syntax

FOO

Definition: downloadFromWeb(_)
If the url is a library address, the result is the cor-
responding library, where members annotated
as ’@private are renamed to others that does not
sintactically occurs into the importing program.

Definition: terminating(_)
terminating(s e) holds
terminating(e0.m(x 1:e1...xn:en)) holds

iff ∃i ∈ 1..n such that terminating(ei) holds.
terminating((varT x =e1...varT x =enKe0))

holds iff terminating(K) holds and
∃i ∈ 0..n such that terminating(ei) holds.

terminating(catch x O1...On)
holds iff ∀i ∈ 1..n : terminating(Oi) holds.

terminating(on s π e)
holds iff terminating(e) holds
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Definition: JeKΓ,L simple cases
(dw)J{reuse urlM}KΓ,L = {downloadFromWeb(url) JMKΓ,∅}

otherwise J{HM}KΓ,L = {MJHKL,{HM}
MJMKL,{HM}}

(lt)Jnum1...numnπKΓ,L = JπKΓ,L.#numberParser().J’num1’K()....J’numn’K().#endParse()
Jπ"char1...charn"KΓ,L = JπKΓ,L.#stringParser().J’char1’K()....J’charn’K().#endParse()
Jπ"EOLchar1...charnEOL"KΓ,L=

JπKΓ,L.#stringParser().J’char1’K()....J’charn’K().J’EOL’K().#endParse()
(cf)Jwhile e BKΓ,L = (C :{#apply})
J(loop(e.#checkTrue()B)catch on exception Void (void)void)KΓ,L
Jif x B1 elseB2KΓ,L = J(x.#checkTrue()catch on exception VoidB2 B1 void)KΓ,L
Jif e B1 elseB2KΓ,L = J( y=e if y B1 elseB2)KΓ,L with y fresh and e 6= x

J(X 1K1...XnKne)KΓ,L = J(X 1K1(...(XnKne)...))KΓ,L
J(X 1...XnKe)KΓ,L = (XJX 1...XnKΓ′,L

KJKKΓ′,L JeKΓ′,L) with Γ′= domVar(X 1...Xn)

JvoidKΓ,L = void JπKΓ,L = πJπKL Je docKΓ,L = J(doc e)KΓ,L
Jloop eKΓ,L = loop JeKΓ,L Js eKΓ,L = s JeKΓ,L Je.m(ps)KΓ,L = JeKL.m(JpsKΓ,L)
Jusingπ check.m(ps) eKΓ,L = using JπKΓ,L check.m(JpsKΓ,L) JeKΓ,L

(rt)J{X 1K1...XnKn}KΓ,L = ( Void x =J(X 1K1...XnKnvoid)KΓ,L
catch y on return Any (y)error void)

Definition: JeKΓ,L case variable decl on− catch
XJC :eKΓ,L = C :JeK∅,L
XJvarT x =eKΓ,L = Γ(x ):{(varT inner)}

shared Outer0::C x =Outer0::Γ(x ).#apply( inner:JeKΓ,L)
XJT x =eKΓ,L = πJT Kp x =JeKΓ,L
XJeKΓ,L = immutable Void x =JeKΓ,Lwith x fresh
JxKΓ,L = x with x /∈ dom(Γ)

JxKΓ,L = x.#inner() with x ∈ dom(Γ)

Jx :=eKΓ,L = x.inner(JeKΓ,L)
Definition: castΓ,T (x 0 ← x 1)

castΓT (x 0 ← x 1) = µπ x 0=(return x 1

catch z on returnπ(z) on return Any(exception void)error void) withz fresh andx 1 /∈ dom(Γ)
castΓT (x 0 ← x 1) = Γ(x 1):{(shared Γ(x 1) delegate,varT _inner)

shared methodT #inner() exception ∅( this.#_inner())
shared method Void inner(T that) exception ∅( this._inner( that), this.delegate( that))}

shared Outer0::C x 0=Outer0::Γ(x 1).#apply( delegate:x 1, inner:(return x 1

catch z on returnπ(z) on return Any(exception void)error void)) withz fresh andx 1∈ dom(Γ)
Definition: JeKp case on− catch
KJcatchOKp = KJcatch x OKp
KJcatch x O1...OnKp = catch x KJO1Kp ...

KJOnKp iff none ofO1...On of form on s πif e B
otherwise KJcatch x O1...OnKp = Jcatch x on s Any(with x O1...On(s x))Kp
iff all of O1...On of form on s πiif ei Bi that is, all captures the same s
otherwise KJcatch x O1...OnKp = catch x O′1...O′kO′0 that is, ons are grouped w.r.t. si

with {O1...OkO0} = {O1...On}, O0 = onπ1 π2 xB,
∀i ∈ 1..k : Oi= onsi_...onsi_and∀O,O′such thatOi=_OO′_ : O1...On=_OOO′_,
∀i, j ∈ 1..k : either i = j or si 6= sj , ∀i ∈ 0..k : catch xO′i = KJcatch xOiKp

KJon s π BKp = on s JπKp JBKp(note:on s πife B is managed in the catch)
Definition: JeK case with
(a)JwithX OsBKp = J(XBB void)Kp with either Os = ∅ = B or Os = on startB
(b)JWKp = JW(void)Kp
(c)Jwith x 1...xnonT 1...TnB1B2KΓ,L = J(castΓ,Γ

′,T1(y1 ← x 1)...castΓ,Γ
′,Tn(yn ← xn)

catch exception VoidB2 (B1[x 1T 1 := y1]...[xnTn := yn]) void)Kp
with y1...yn fresh and y i:C i ∈ Γ′ iff x i ∈ dom(Γ) and C i fresh

(d)Jwith x 1...xnonT 1...Tnif e0 B1 B2Kp = J(
type Any y={with x 1...xnonT 1...Tn(if e0 (return Void))return Any}
with y x 1...xnon VoidT 1...TnB1 B2)Kp

(e)JWif eB1 B2Kp = JW(if eB1elseB2)Kp
(f)JW onT1...Tnif eB1 B2Kp=JW(withx 1...xnonT1...Tnif eB1elseB2)Kp

withW = withx 1_...xn_O
(g)Jwith x I X OsBKp = Jwith I X OsBKp
(h)Jwith I X OsBKp = JdeclareIts

T ′
0z0...T ′

nzn,JIKp
((Osloop(X(X 0K0...XnKnB′))), K)p

with JIKp = var0 x 0 T 0 in T ′0 z 0=e0...varn xn Tn in T ′n zn=en,
X iKi = nexti(vari x i,T 0z 0...Tnzn) and B′= replaceAssignx0,z0...xn,zn(B)

Definition: JeK case collections initialization and operators
(initW)Je[T with x I XOsonT 1ife1B1 . . . onTnifenBnB]Kp = J(T x =e.#apply()

with x I X OsOonT 1 ife1(x.#add(B1)) . . . onTn ifen(x.#add(Bn))(x.#add(B))x)Kp
with either(x.#add(B)) and B empty or (x.#add(B)) = (x.#add(B)) and B = B

(init)Je[ps1;...;psn;]Kp = Je.#apply().#add(ps1)....#add(psn)Kp
(op)Je1 binOp e2KL = Je1.J’binOp’K(e2)KL
JunOp eKL = JeKL.J’unOp’K()
Je(ps)KL = Je.#apply(ps)KL

Definition: J’_’K char, number and operators
J’0’K = #_0...J’9’K = #_9 J’a’K = #_a...J’z’K = #_z J’A’K = #_A...J’Z’K = #_Z
J’.’K = #_dot...J’+’K = #_plus...J’+=’K = #_plus...J’∅’K = #apply
Jx eqOp eKL = Jx :=x.J’eqOp’K(e)KL with eqOp 6= (:=)

Definition: guessTypeΓ(e)
guessTypeΓ(L) = immutable Library
guessTypeΓ(x ) = Γ(x )
guessTypeΓ(π) = typeπ
guessTypeΓ(void) = guessTypeΓ(s e) = guessTypeΓ(x eqOp e) = guessTypeΓ(s e) =

guessTypeΓ(if e B1 elseB2) = guessTypeΓ(while e B) = guessTypeΓ(W B) = immutableVoid
guessTypeΓ(num1...numnπ) = guessTypeΓ(π.#numberParser().J’num1’K()...
.J’numn’K().#endParse())

guessTypeΓ(π"char1...charn") = π.#stringParser().J’char1’K()....J’charn’K().#endParse()
guessTypeΓ(π"EOLchar1...charnEOL") = π.#stringParser().J’char1’K()...
.J’charn’K().J’EOL’K().#endParse()

guessTypeΓ(unOp e) = guessTypeΓ(e.J’unOp’K())
guessTypeΓ(e1binOp e2) = guessTypeΓ(e1.J’binOp’K(e2))
guessTypeΓ(e(ps)) = guessTypeΓ(e.#apply(ps))
guessTypeΓ(e.m(ps)) = Tm iff guessTypeΓ(e) = πm = T

guessTypeΓ(e.m(ps)) = πm iff guessTypeΓ(e) = µπ^

guessTypeΓ((X 1K1...XnKne)) = guessTypeΓ′(e) with Γ′ = guessTypeΓ(X 1...Xn)
and guessTypeΓ() = Γ guessTypeΓ(e X ) = guessTypeΓ(C :e X ) = guessTypeΓ(X )

guessTypeΓ(varT x =eX ) = guessTypeΓ,x 7→T (X )
guessTypeΓ(var x =e X ) = guessTypeΓ,x 7→guessTypeΓ(e)(X )

guessTypeΓ({X 1K1...XnKn}) is correctly undefined
guessTypeΓ(e[ps1;... psn;]) = guessTypeΓ(e.#apply().#add(ps1)....#add(psn))

guessTypeΓ(e[WB]) = guessTypeΓ(e.#apply())
guessTypeΓ(e doc) = guessTypeΓ(usingπ checkm(doc ps) e) = guessTypeΓ(e)

Definition: e[x := y ]
e0[x := e1] = e0 iff ∀E? : e0 6= E?[x ]

otherwise E?[x ][x := e1] = E?[e1][x := e1]
Definition: e[xT := y ]
e[xµ Any := y ] = e , otherwise
e[xT := y ] = e[x := y ]

Definition: replaceAssignx ,z (e)
replaceAssignx ,z x ,z (E?[x eqOp e]) =

replaceAssignx ,z x ,z (E?[x eqOp z.#update(e)])
iff e 6= z.#update(_)

replaceAssignx ,z x ,z (e) = replaceAssignx ,z (e)
iff e0 inside e implies e0 = z.#update(_)

replaceAssign∅,∅(e) = e
Definition: JeKp auxiliary definitions
psJe0 x :eKp = psJ that:e0 x :eKp
psJx 1:e1...xn:enKp = x 1:Je1Kp ...xn:JenKp
MJM1...MnKp = MJM1Kp ...

MJMnKp
MJC :eKp = C :JeKp
MJC :...Kp = C :JeKpWhere e is found on the
local system depending on the original position
of such...symbol in the source and C
MJm(F)<:πKp = J’m’K(F)<:πJπKp
MJinterface <:πKp = interface <:πJπKp
MJtrait <:πKp = trait <:πJπKp
MJmheKp = C :eMJmhKpe

′

with e ′= JeKp without all the X of form C :e
MJµ methodT m(T x) exceptionπKp =
µ method πJT Kp J’m’K(πJT xpK) exception πJπKp

MJmethodm(x)Kp = methodJ’m’K(x)
IJvarT 1 x 1 in T 2 x 2=eK = varT 1 x 1 in T 2 x 2=e
IJvarT 1 x 1 in eK = varT 1 x 1 in x 2=ewithx 2 fresh
πJC ::C KL0...Ln = Outerk::C ::C
where Lk(::C ) well defined and
∀i < k : Li(::C ) not well defined

πJC ::C KL0...Ln = Outern::C ::C
where ∀i ∈ 0..n : Li(::C ) not well defined

Definition: declareItsΓ(T 0z 0...Tnzn, I, e)
declareItsΓ(∅, ∅, e)=(ecatch on exception Void(void)void)
declareItsΓ(T 0z 0...Tnzn Tz , I varT x in e, e0) =

declareItsΓ(Tz ,T 0z 0...Tnzn, I,(
declareItΓ(Tz , varT x in e)
(e0 catch y on return Any(x.#close() return y)

on exception Any(x.#close() exception y)
x.#close())))

Definition: declareItΓ(Tz , varT x ) in e
declareItΓ(Tz , varT x in e) = varT x

Definition: nexti(var x ,T 0z 0...Tnzn)

nexti(x ,T 0z 0...Tnzn) = varT i x =z i.#next()
catch on exception Void(
(T i+1 y=z i+1.#next()catch on exception Void(void))
...(Tn y=zn.#next()catch on exception Void(void))
(z 0.#checkEnd()catch on exception Void(void))
...(zn.#checkEnd()catch on exception Void(void))
exception void)

Definition: JdocKp
JdocKp replaces all substrings of the form
@πand@(e) with@JπKp and@(JeKp)
This applies to all documentations excluding the
one in multi-line string literals.

Definition: domVar(X 1...Xn)
x :C ∈ domVar(X 1...Xn) iff
X i = _varT x =e_,C is fresh and i ∈ 1..n
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