,—[Core Language Syntax) N

L u={doc HM}
M :=C:doce| mh'| mhe
H  u=m(F) <7 doc | interface<: 7 doc | trait<: 7 doc class header

library literal
class member

F  w=Tux doc | var T x doc field
e u=L]|ax|m]|vid| e.m(doce)|(doc XKe)l|se expression
| using 7r check m (doc €) e
s u=exception | error | return signal
X = T xdocze binding def.
K :=catch v doc O
O u=msmdoce catch-match

mht = pmethod doc T doc’m( T x doc) exception 7w doc
mh?® ::=methoddoc m(T)

typed m. header
method selector

mh :=mht | mh® method header
m =T | #T method name
7 u=Outer™::C' | Any | Void | Library path

T w=pw|pc”|7m type annotation

p u=immutable | shared | readable | lent | capsule | type modifiers

Notations

We represent with () both the set of empty characters and empty lists
and maps. z,y and z metavariables denote lower case identifiers,
while C' denotes upper case ones. We use " to denote optionality;
in particular, ? var, 7 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 z,77e
denote metavariables that can be a sequence of any number of the
corresponding terms. Method names are wrote without 7 if followed
by syntactic terms containing such parameter names. For example
e.r (x1:€1..2,:€,) instead of e.zxq..2,, (T1:€1.. T €,) . A KC 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 ) 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 7. 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 (_)
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for more information 1.42.1is

Definition: 7 [from 7] = 7o

F[Compiled Language Syntax, compilation context and £ *]—
Lo = {HMe} X® = T x=c®

M= C:L° | mhe® | mht K= = catch z O°

€ w=L° | x| | vid | Eom(ef) OFu=ansm e

| (F/C‘e ) | s ¢ | using 7 check .m(€°) €°
D|5°m(€) | ef.m(E1E€) | s E°
| (XC T 2=E° XoK e) | (AXccatchz O°jon s mE° Oge) | (XCKEET)
using 77 check .1 ( €1 E°€2) e | using 7 check .m () E°
Er =01 &".m(e) | eg.m(e1E €a) | s E
| (X1 T2E" XoK e) | (Xaatchz Oyon_E* Oge) [(XKE™)

{ using 77 check .1m.(€0E “€1) e | using 7 check .m (T) E*

J

,—[Values Syntax and evaluation Ctx} _

vP w=mem(vP) <with is-constr(p (1), m)>| x| (AP vP) |void | 7 | L9
XPi= T g=0P
<we write just v and Av when p is clear from the context>

[ EP w=0.m(€) | vo.m(vOe€) | s O | using 7 check .m(ve) e

,—(Auxiliary Syntax} \
o =N, .., Ay, runtimeenv ' w=x= T4, .., 2z, T,
p =LY, .., L, program type A =0 | © | & | ® stage

Ltz {H MO 0|t classtype  Au=D;pli; T;7  typing env

Outer” :: C'[from Outer™:: Cy..:: C ] = Outer™::Cy..:: Gy :Cif n < k
Outer”..C[from outer™:: Cy..:: O] = outer™ T =F:Cif n > k
Any[from _] = Bny  Library[from _] = Library Void[from _] = Void
Definition: ¢ [from 7] = ¢, ep[from 7], = e;

elfrom ] = e[from 7]
{HM}[from7]; = {H[from 7] ;41 M[from 7] 11}
outer T7:: C'offrom ] ; =Outer’ % :: C'ywithouter™ :: C'offrom 77]=Outer
outer™:: Cffrom 7] ; = Outer™::C' withn < j
doc [from 7] replaces all substrings of the form @mpand@ (e)
with @7 [from 7] ;and @ (g [from 7] ;)
All cases for other expressions/terms propagate to submembers

el

Definition: I'(z), X(z), p(7), £L(m)
() : (:»WT @) =T
Tos (0 Tome Xair) =e
p(m): (Lo-Ln)(outer’:0) = Li(=:C)
L(::C): {’H./\/h C:LM}(::C::C) = L(::C) and L() =L
Definition: p’(7)
(Ll..L0,) (uter”::C) = LF,(::C) where £() = £!,0(_) = 0 and

{H M TCo- L Mg} (::Co::0) =
Definition: Type well formedness
Mctand T are maps, thus order is irrelevant and
M(m)=M'= pmethod T m( T} ;... Ty, z,,) exception7_iff M* € M]
MUC) = Cr LYiff Co L e M
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( L', m), is-set(L’, m), is-get(L', m)
is-constr({_ zumethod _ 7m(_) exception (constr _} A m)
is-get( {_ sumethod _ () exception ()field _}*, m)
is-set( {_ fimethod _ (T ) exception (field_}*, m)
Definition: c--type(m (.. F,,) ) = mh!
@ type method lent Outerg m ( 41 71 . Hn T Tn) exception (Dconstr

€ c-f-type(m(vary g 1 1.V, [y, T Tp) )

iff {lent, readable} M { /11, ..., i } # 0
(@ type method shared Quterg m( f4q 71 . n " Tn) exception (Jconstr

€ C'f'type(”n(ﬁl M1 7 xlmn Mo Ty :L"n) )

iff {lent, readable} N {111, ..., o} = 0
@) shared method immutable Void x that ( p¢ 7 that) exception (Jfield

€ c-f-type(m(F var pum z Fo))
() sharedmethod 177 47 () exception ()field € c-f-type(m(F 1 pumz Fo))

withy' = lent iff 1 = capsule, i = u otherwise
© readable method readable 77 () exception Pfield € c-f-type(m (Fy pmx Fa))
iff 1 € {capsule, shared, lent }, otherwise
readable method /4 7m () exception (field € c-f-type(m(F 1 pumx Fa))
Definition: _ inside _
" inside " holds iff I'(_) = _*
juinside Ty...T), holdsiff u_€ Ty..T,orp_"~ € T1..T),
winside Tholds iff I'(_) = p_orI'(L) = p_*
winside (I'; _; _; ) holds iff 1 inside T’
z inside {H_C", e_}, piff T 2z=_inside e
X inside (A, ..., Av, ) iff X € Av;withi € 1.n
X inside ¢ iff e = E [ (XXX 1Kep)]
€p inside e holds iff61 = 5*[60]
or e; = E[(Xeatch yOronmy w2 zeaOq¢e3) ] and eg = z

£1(:0)

| M u=mh'e | mh'abstract | mh'eonstr | mh'field | C:L" member type




Y, Yo...Yn fresh

r

Ake: T
= T —
. . > < AbF7o:typer - ~

~ : . Z.

£ \ﬁtll; £+ imutable Library é Al 7:typer 5 with N < A7 :typehny Z

= P L + With ~ ()= {H_} = with § A F void : capsule Void
T —oiff\d e (0,0} % Pt () = {om(L) <7 _}® = Mefoo} g pm=1p z

/\lf@iff)\ﬁe{é@} & N+4£o < ifA=0Cthen\* =0 if \ = Sthen \* = ©
1= ’ H not of form interface<:_

= , . =

& ~ oL ! B B —

° < — = A & e : immutable Void L AR (VoK (X1Keo)) : T TooAFK:T|T:7

£ 'l—m. 8FOA|‘100 : i tablV'dﬁ > T =N\ - ¥ - T /
2 with pe:imutapleVold & AL (¥ T K . T TioAo T; TV EX T, |T
Z ; A — S with O (Xo A1Keo) - /

£ eitherI'?(z) =var T =2 not capsule inside A o o bol'goAkey: T

=~ orz¢dom(T?) and\* =& p side e O IMoTgoAkFeg:_

~ A7 - . = I'fo Al eq:lentr a -

e Alg=0Fe: T & 1 ! S TolgolioAF (XKe) : T
s % (Tg o A)sbared 1 ( sharedrr z=errorvoid KCeg) : T wi?h oet1e ( o)

AFe:T .
é with ‘ : Tool1 oAk (Thz2e1Keg) : 7\sharedy .nfo/t\ r?aps.ule PSld; AFA hen  inside T
5 AL o —A g with it “ inside 1o, 11, then ™ inside
V€™ inotinside T, T = not capsule inside A
_ = _ Al (pmzzex) :pm
o Alg:=0]Feo:_7 > Alp=0lFeq:_m

o AR (T xozexg) : T § A Finvoke, (mhl, eq, ..., €, errorvoid) : T % AkFe:T = 0 Abse: T

. z 2 wi

2 A 2:z¢ - inmutable Void E 'hA Feo.m(ziier..xpiey) @ T = Al}: eo.m(zizer.tpien) : T 2 ifs=returnthen,u7r:?A
S with £ wit o o wit c "~
~ FA(;U) =var T E ptA (m) i{ HMY E ptA (r) = 0 and M=o z %?Sfretur:,thegu_lmitzble

~  mh! = M¢(nethed.m(11...7,,) ) [from 7] E e=(Yyo=€0 Y12€1...Yn=€,, error void) ;fz::::zg;;zf?y;tehznw_my

_ A (Tvyeer.. Thyeen ( To yo=eocatch y onerror Any (error y) yo) ) = To

F

(2 . A bz using 7w check .m(x1:e1..zni€,) e To

S with R
2 plg; To.. Ty, = plugin(p*™, 7, .m(z1...2,,) )

AT n T, ARK:T| TR AFeO:T| T

zwuroAke: T

g Viel.n: AFzO;:T ‘ ?i;%i
= .=
— AtFxzomsme: T| T,
é A FC&tCh:L’Ol...On : T | T;fl U..um, ~ with ronsme | o
a let/h ) 7 0 é either s = return or ;2 = immutable
SR € A € {ﬁ’u—} either s =return and 7’7 = 730
S T=TiffT),. ,Ty=_,T,0,.0 =
s . or s = error and 7';7 = (;0)
< T = () otherwise

or s = exception and 77 = (;

(BINDING-DEC)

Vieln:Tol;oAlFe; :T;

Viel.n:toPh(l) ol ;0 Aj b ey _

with

Flo...ofnoAl—Z:FH”

X =Tty Tq 212€1..5at, Ty, Tnzen

not capsule inside A

Viel.n: A, =An T Ucostofa (T < T7%)]

I"=Tiff Vi € 1.n: toPh(T") o obj(T’; 0 A;) e = _
and not " inside I’ otherwise I'" = toPh(T")

~ - Q
% o+ inmutableAnyo A o ;hy e T ; x+ readable Any o A o readabledny; ) e : T ; x+ readableAny o A F e : readable Any
g Vrerm: abimtableroAle: T : Trtypedny o A o typedny; O e 2 T : xHtypedny o A b e : type Any
;.'1 A & 2 onexceptionBny e : T | ;0 éﬁ At zonreturnbnye : T | 0;0 E. At zonretunbnye: T | T;0
g 8 g
r—[ptkﬁzﬁt, pt = HoM : Hymhl, ptF./\/l:./\/lt} — N
=
- _ 0
{HMIW, LY, ptE L {HMA? % p' I interface<:7 : interface<:methodTypes,, ()
_ — —~ — & with
_ L ptHo Mo 1 HiM? Z ) fLO;PL FC:L: C:{HMIA E VY € 7 : p'(r) is of form {interface<:_ _}
T Vieln: LptE M; s MY 2 leto M C M e 2 singledecl,, (77)
_— w2 - * . — . — 71 ¢
g . ptF {doc HoM} : L1 2t o (M MO p! I— interface<:7 : interface<:7 mh'
@ with o T n#£6 ~ Viel.n:ph A\ M;: mhl
=) . . f . \
= /\;lm Mo M, are lmgllded (t)f /\;l if \g # © then \p = A = pt b trait<:T M. M,, : trait<:T mh'
£ = {(]0(, HlMtM 1M n]‘ 0 /; é with n
0 0; L4, pt ©;0;0:0 - e : inmutable Library E < mhty..mht, C mht
& @ ptF mht: mhlabstract A £ @
& L, ptE Cie: C: g b T 7 mht
& with o o O (U b0 7 b oo T p" I interface<:7 : interface<:7 mhly
2  Lly={HMC:0* E A YLl eo = Vi€ l.n:ptt M; : mhl;
E to— o AE O . A ot o ME & —= e i -
g2 Lh={HM e {HM'}, p' = mhie: Mi(mh)e & pl b m(F) <7 Mi..M,, : <T mhty Umht;
z Xre{s @} & with — g with _
2 o = invokegyero (M(mh), ¢) Z  mhly = cttype(m(F))
= M(mh)=_nethod T m(_) exceptionT™ & ;;,pt, mpt C mhd,

if \P' = ® then mht,..mht, = mht,




Definition: A notations

FA . F(F;p"’ﬁ T;ﬁ) =T ﬁA . E(I‘??’t;ﬁ;?;%) _
T . ?(Fmt;ﬁ;?ﬁ) =T 78 ﬁ(rﬂ’t;ﬁ;?;%) — =
AL A = ptA . pt(l“;pf;ﬁ;?;ﬁ) _ ot

AP ZTHMIP ! =\

Alg=m]: (T p's0; T5m)[E=n] = Ts pls i Ts 7
FoA: Too(Ty;phm; Th7) = (Lo, Ty phy s T )
Ao T;7: (Uyphif; T571) o T30 = Iy py i T3 71, o

(s 45 T 71) 0 072 = T phs 1 T 701, o

Definition: extract variable z in binding z: o[+= 2 = 2]

@ (A, ... Xvn)[+ 2] = A=z = 1),y Ay [42 2 2 2]

O (v var T 20 Ao ) [4= 2 = 2] = Xy (var T w20) 4= 2 = 2] Ko
© Xv[+ z=z) =2 withz ¢ dom(Xv)

@var T z=vfe=z:=2] = T zzvvar T 22

Definition: make v visible in scope of z: o[z N ]

@ (X, 0)[z N v] = X, 0 if 7 € dom(AV)

(b)(XV XV(], )[J, ’\ U] le, ((XV\XVl)XV(), )[L ’\ ’U]
ifz ¢ dom(AV) and garbage-of( (Avv)) = Ay

Definition: update variable = with v: o[z := v]

@ (A, ... Xvn)[x v] = X[z =), . Xvn[ = ]
®© (X, var T z=v o)z =0] = Xy (var T g= v)[7 = 0] g
@[z :=v] = A  with z ¢ dom(AV)

(d)V&r?T =p[x=v] =var T z=v

Definition: extract field z.y in binding z: o[+= z := z.y]

@ (X, .. Xvn)[+ z=x.y] = A=z =29, .. A, [+=2 = 1.y)
© (A ¥at Tz Bog = 2 = 2.y] = Xy (VaE Tzo)a= 2 = 2.y] Koo
@X[+=2=1.y] = A& with 2 ¢ dom(AV)

@var T x=m.m(T70, Y T ) [+= 2 = 1.y

=¥ar T x=m.m(T70; y:z Tug) T'from 7] z=v
if p(m) = {.m(F1 _T'y F2)_}
@var T 2= (Xvoo) [+=z:=z.y] = sz T 2= 22Uy war T z= (Avsv;)
ey iff ?I=1)0[+:Z =2y = A T zzvy T 220y
2 and ( z=void, Avg Xy )[z N va] = Avp z=void, Avs
Definition: update field z.y with v: o[z.y = v]
@ (X1, ..., X)) [z.y = 0] = X [2.9 =2 0], .. Xvn[x Y= 0]
& (A 7t T 2200 Ao 2.9 = 0] = Xy (a2 T z200)[2.y = v] g
@M[z.y:=v] = A& with z ¢ dom(AV)
@var Tz=m.m(T70; Yi_
@¥at T = (Avvp) [z.y:=0v] = Vot T 2= (Xvvy)
with 7at T' z20g[z.y =] = Vot T 7=,

T09) 2.y :=v]=Var Tx=mr.m(T70;1 y:v T:0

)

invoke,. (mh', e, ..., e, €)
error void, €)

Definition: invoke . (mh',

invoke . (mh', €) = invoke, (mh', error void, ...,

invoke . (mh', e, ..., €y, €) = (u thiszey Ty e ...
with mh® = pimethod 7 m( T x1... T}, 2,,) exception 7T

[]\'1(17’(302a1pha renaming for parameter names?]

Definition: inferType,,( ¢)=cy, inferType, (1", ¢)=T', classOf,,(v)=m

inferType ,+(¢) = & [(X()var inferType,, (F e) z=eX1Kes)]

€);

U{r—imutable 7 | E'=E5[ (XeatchxOpon £70:_) |}
inferType (I, z) = T'iff T'=T'(x)
inferType,,«(I', e.m(z1:e1..2,:e,) ) = T iff inferType,,«(I', ) =
p!(m)={H M and M (nethodrn (z 1 ,...,,,) )=_nethod T/m(_) exception _
inferType,,:(I", (X'/Ce)) = inferType,,«(I', )

inferType,,(I", 7:= ¢) = inferType,, t(F void) = immutable Void
inferType,,«(I", £) = innutable Library
inferType,,«(I', ) = typeAny iff p’(m) = {interface<:_ _}

0therw1se inferType,,« (I', ) = type

classOf ¢ o (v) = 7 1ff inferType,,«(I") e = 7

where F( 2)=Tiff_ T z=v insidec

Definition: resolve,,: (To) T,

pr”

resolve ¢ (1M M1 71) =resolve,,: (1 m17)iffresolve ,« (mom) = pp
resolve,,+ (1o m) = resolve,,(1")
(

iff p'(mo) = {H M} and Mt (m)

resolve,+ (1t 1 )

Thxze, T xzex)

with e =E[(Xovat zzeX'1Kes)] and T = {z=7T | vat T 2=_ inside e}

_T,

N

= _method 7" m(_) exception _

J \\

Definition: M; M are impl;decl of M
(); 0 are impl;decl of ) and assuming M y; M are implidec! of M ,
mhs:e ./\70; M are implidecl of mh®:e M, otherwise
Mo; M, M are implidecl of M, M.
Definition: modifiers restriction 110V = yi;
@ NN = pifp ¢
otherwise shared/\ = lent if lent ¢ 7
otherwise shared® = lentV\ = immutableV\ = readableV = readable
© N = NN 7and g N = NN 7t
@(Ty.. T, NN = TN 7, VA
@ (212 T, oy e T NN = 0 TV T, VA
@ (T3 pts Ay io; T; TNA = INN; pts X Tig; T 7
(0 A\atch o0 51 1 €100 80 T €\ = A iff 5;...5,, C {return, exception}
AV = Alshered, lent\ otherwise
Definition: /11 < 15, cost-ofa (T < T'), cost-of (111 < ji2)
@/t < j1, shared < lent, and with ;z#type capsule < ;v and pu < readable
o cost-of (111 < p2) = 0 if g < po
(@ cost-of (shared < ;1) = shared if 11 # type
@ cost-of (lent < immutable) = shared, lent
@ cost-of (readable < immutable) = shared, lent, readable
@ cost-ofa (111 1 < g ) = cost-of (111 < puo) with ptA Fr <o
Definition: toPh(T")
toPh(0) = 0
toPh(z—¥ar o m I') =toPh(zHvarp 7 T') =2+ ™ toPh(T)
Definition: obj(A)
obj(T; p's 11) = obj(I" \ w=¥at pun™; ply 1) if eVt p ™ € T
otherwise obj(A) = A
Definition: Y \ X'} = X'
X is the biggest (possibly non-contiguous) subsequence of X
such that Vz € dom(X';) : not 2 € dom(X¢)
Definition: garbage-of( (v e) ) = Ay,
Xy, is the biggest (possibly non-contiguous) subsequence of v
such that V2 € dom(Av;) : not 7 inside (Xv\ Av; e)

Definition: norm,,.(7)
norm,,« (outer’ 1:: C:C') = norm,,« (outer’:: C)
iff pt(outer’ ') = {(H MItCH_}A
Definition: super,«(7), directS, (7o)
norm,,«(71) € super,,(7o)
iff 79 € o, 71 € directS,, (7o) U super,,«(directS ¢ (7))
directS,,«(mo) =71 iff p’(norm,,(7o))[from norm,,«(mo)] = {_<:71 _}
Definition: p’ - 79 < m;
‘ p't o <y iff w1y € super,: (o) U g U Bny
Definition: p' - Ty < T4
ptk Ty < Ty iff pt resolvep +(Tp) < resolve, ¢ (Tl)
i pome”o < iy mi My iff pt g < mjand Y € { 1, } and
F o < g1 withcapsule < shared < lent < readable, capsule < immutable < readablp
Definition: src,,:(mh*®, 7)
src,«(mh®, ) iff pt(r) = {_<w@M}* and
Mt(mh?) is defined and Vr; € super,,(7) :
pl(m;) = {_M;} and M?;(mh®) is undefined
Definition: singledecl, (77)
singledecl,,« (77) iff Ymh® : V1, 7o € super,(T) :
srcyt(mh®, w1 )andsre,: (mh®, 7o) implies T, = o
Definition: methodTypes,,(77)
methodTypes,,«(77) = {J\/lf(mh ) [from ]|
pl(r) = {’H/\/lt}’\,ﬂ € super,,«(T), src,,«(mh®, )}

norm,«(m) = 7 otherwise




O'1‘€1—>02|€2

p;pt
g o|vo.m (101 .. 2,1 0,) —l>0|invokeﬁ(mht[from 7], 10, vy Un, €[from])
pip

T _
= with =) — —
g classOf, (vp) = o E o| (A vg) em (@120 .. 22 0) —T>U\ (X vo.m (21101 ...20:0,) )
=~ p(m) = {H@mh:e My} X with pip*

pi(m) :7{7‘[,/\/11"}@9 &  classOf, ((Xvug)) =7

mh' = M*(mh) = _nethod _ m(z;_...z,_) exception_ either is-set(p(7), .m(x1...z,) ) or is-get(p(m), .m(z1..2,) )
Q JQ|EQ—L)O'1|61 = 2 2

pip 1S 5 :
5 S olloopey—o|eq S olz——0ol+=2:=1]|2 v o|lr=v—olz N o]z = v]|void
0 » p 9 P€o >
o o0 [60]—t>01|5 [er] =7 7 pip? oL Dt < p;pt
& p;p & with < with g with
e; = ( immutable Void z=eq loopeg) var _ x=_inside o — var_x=_inside o

£ | g g
v 0|v.m(T0) —0o|T.m(T0) O ) L N @
g with i é olm.mo(21:v1.25:0n) .11 () pipt olvs & g|mmo(L1:01.. 2,0, ) .M (y:0) —>0|void
z v not of form 7 Z with Z with pipt
< o is-constr(p(m),.mo(z1..2,)) o W
S classOf, (v) = o et(p(r),.m1()) O is-constr(p(m),.mo(x1...2,))
g TU =21 Ty & Tg‘ —pm i & isset(p(m),.mi(y))

is-constr(p(m), .m(z1..2,) ) ==
-~ o T O’|€0ﬁ)0’|61
@ , P;
O olr.m() —o[+=z =102 @ olz.m(y:v) —so[z N v][z.2; = v]|void & _ — ) —
) p;pt ) p;pt L o |using 7 check .m(Y:U) eg——>o|using 7 check .m(7:0) e

. . o ) Y ') Y
< with < with z . pipt
2 classOf,(z) =7 2 classOf,(2) = 2 Wltlll ugin(p" ( )
DI D ; = n (T
& is-get(p(m),.m()) & is-set(p(m),.m(y)) = pg7_t ( F;Ugl P 77!’%71'2, m §1i ;,l,d o

_x;i=m _xi=m execute(pig, p, 1,0, s Y1.--Yn ) 1S UNAE
~ o|using 7 check (L 1:01... 250, ) €g—0]€
2 p;p*
= with
5 plg; T_ = plugin(p’, m,.m(1..2,))
Z ¢ =execute(plg, p,0, X, v1..0,, ¢0) and e € {v, error v}

0;p%@;0;0;0F e: T

if 3i € 1..n such that 0;p*;®:0;0;0 - (ov;) : _then O;p';®:0:0:0 - v : _
2 - G}
& 7ﬁﬁ": Plsou]l X X =1 g X 7, ? h‘,i, Z
s o| (Avvar T z=EP[s v] XICe)wJHXv 220 eg) 2 0\(X0catchz(9(9pg)ﬁo|( ocatch 2 Oeg) 5 o€ ] ’ o€ 0]
% with o z with . e with p;pt
Q K =catchzonsmyegO S (R-CAPTURE) not applicable i T e
o ) & s o $ (A Ta=v XKe) =E7[z]
E  p't classOf, (v) < 7o =~ either X'y = AV _ £ yofform 2

AV = AV \ garbage-of( (A v)) or Xy = Xvvar T z=EP s v] X

O'0| 60—30’1 el =
- p;p 5 E— — —
0 — — — — 2 og|(Xvvar T 2=EP[sv] X e) —0o|s (X
& ool (Avvar T z=e XKe) —o1| (Avvar T x=e1 XKe) o I [s ] )p;pt 5 ¢ )
pipt & with -
A = A\ garbage-of( (Avv))
é — — — N E0,00|€0—} E1,U1|€1 iv =
- o p;p — —

2 U|(XV_TI-UX’C€0)E)O'|€ [v] z - — 2 ol (Me) o| (' e) 2
m : ’ o~ O'(]|(XV()6Q)—>O'1|(XV161) < p;pt J U|(6) 0"6
0 with . = pipt S with & p;pt
& (AWXKey) = Ez] % X/ = AV \ garbage-of( (X e))

not z inside £ [v]

(R-META)

(R-LOAD)

r

Pk Lo {HM! CH0}® P Loz {HoM'}®
0; pla; 0;0; 0 1 ey : Library 8 0L ——0|L
U — £ p2ip's
p2;pta E 0|£0_t>0|£3
U|£()—1>U‘{/HW1 0262 Mz} [é with pLipt
with 0 S Lo= {HM; mhEL1] Mz}
Lo = {’le C:ﬁlﬂg} \C_IZ/ L3 = {HM, ’HL]I/(C/C[@MQ}
p2;pla = Lo, p1; {H MIICH 0}, pty pa;pla = Lo, pr; {HoM} 'y
pl Lo {_}®
a|{Hcﬂc}—f>a|{H°/T4cC:’@private£°}
pipt

(R-INFER-1)

(R-INFER-2)

p”— {Hoﬂo C:Goml} {Hq W}@

o[ {HoMy C:eq M, }Tﬂ {HoMo Ciex M1}
pipt
with
e1 = inferTypep,,,{Hl/W}@(eo)

pt {Ho Mo mhieg My} : {H1 ME}O

o[{HoMo mh:eo My} ——a|{Ho Mo mh:er M1}
with "

e= invoke()utero (Mt(mh)’ 60)

(X T z=ze12) = inferTypept7{H1W}@(€)




4 A

Desugering and compilation process

With £ as a source in the sugared language [L] is the
corresponding desugared term. An execution process
is a sequence Lo...L,, such that

0| Lo v @l... e O L.

Normal forms are results: either library literals well-
typed in ® or representations of an error. Plugins
are obtained (plugin(p®, 7, .m(Z) )) from library types
(often containing an url doc) extracted from a pro-
gram type p’. Plugins monitor execution of code e
(execute(plg, p, o, X, U, €)). Semantic extensions are
defined by providing different plug-ins implementations
through some urls.

J

~\

[ Concrete syntax
inmutable, trait, exceptiond in mh and <:() in H are repre-
sented with the empty string. catchz () 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>, FOL and *, .

Well formedness

All the well formednes restriction of the core syntax
applies here. Moreover in a 13 all X'; except the first are
not empty and only the last /C; can be omitted (having
an empty O). A 3 can not be empty. with{) () () _ is not
well formed; with© X' 7 ©° O is well formed if the
number of types 7'1..7",, in each on is the same of the
sum of the cardinalities of Z, X and Z. Moreover, T
must be empty if O¥ is empty. BB is not empty if O% is
empty.

There must not be any whitespace preceding the symbol
‘"’ in string expressions or 7 in number expression.
For all blocks of form {X:1K1.X.K.},
terminating ([ (X 1K1 ... X JCvoid) ]») holds. Method
names in method calls (using the dot) must be of form
T Or 4z.

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,

,—(Atomic Language Terms}

| are not well formed.

J

\.

s ::=return | error | exception results

i ::=type | shared | readable | lent | capsule | immutable type modifiers
ident u=<[_,a.z,A.Z,$,%][_,a..2,A..Z,$,%,0..9]*> identifiers

C =<ident starting upper-case except Any, Void, Library> Class names
x,y,z u=<ident starting lower-case (or _) except keywords> variable names
m 2=a7 | 42T | 07 | unOp | eqOpthat | binOp that method names
doc = strLiney...strLine, <often omitted for brevity> documentation

line of documentation
simple string
multi line string

strLine ::=<spaces> ’ <sequence of char excluding EOL>EOL
string :=<any sequence of char excluding (") and EOL>
| EOL doc<spaces><where doc is not empty>

char  :=<a subset of all character; around ~ 100 symbols>  source chars

num :=0|1]2|3]|4|5|6]|7|8]|9].

unOp =1~

eqOp  u=4=| == | %= | [=] &= | |z | »= | «= | +4= | %= := requires z as left value
boolOp ==& | | weak precedence
relOp u=<|>|==]<=]| >z medium precedence
dataOp =+ | = | % | /| « | » | ++ | %% strong precedence
binOp ::=boolOp | relOp | dataOp binary operators

url ::=<sequence of char excluding <space>,E0OL, { and }>

,—[Complete Language Syntax)

\

e =Lz |7 |void| numnumnr | 7" string"
| se|zeqOpe|unOpe| e binOpes | e(docps)
| if e By else By | while e 3 | WB | e doc | e.m(doc ps) | B
| e[doc psy; docy... psy, ; docy,]|e [ doc WEB]
| using 7r check m( doc ps) e

expression

B = (doc X1K1..X Ky e) | {doc X1K,.. X, K, }  expression-block
K u=catch” O result handler

ps u=€T:e parameters

X =Tt T zze | e<e # 2> | C:e statement

T =T aine | ﬁ?l 1 in ?2 Toze iterator decl.

O =msmifeBB signal handler
W =vithz Z X O° 0% with

O° u-onstart B

O w=on T1..T,if e B |ife B type-case

H  u=m(F) < | interface <:7 | trait <:7 lib. node header
F u=vat T doc x field

7w u=CuC | outer™::C | Ay | Void | Library node path

L = {docH M} | {rewseurl EOLM } library literal

M z=mh!| mhe | C:doc e | C:...doc
mh? = pumethod doc T m( T 1) exception 7
mh?® :=methoddoc m(T)

mh u=mht | mh®

T w=prlpc”|7m

node members
typed meth. header
meth. selector
meth. header

obj. and ph. type

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 ) holds

[FOO

terminating(eg.m(x:€1...2,:¢,) ) holds
iff 30 € 1..n such that terminating(¢;) holds.

terminating( (var 7" z=e;..var T z=¢,,KCeq) )

holds iff terminating(KC) holds and

3i € 0..n such that terminating(e; ) holds.
terminating(catch z O01...0,,)

holds iff Vi € 1..n : terminating(©;) holds.
terminating(on s 7 €)

holds iff terminating(e) holds




Definition: [¢] . 7 simple cases

@ [ {revse url M} ] 7 = {downloadFromWeb(url) [M]r o}

otherwise [{% M} 7 = {MHlz, (3xy “IMIz, (0 ry }

av [num,..num, 7] 7 = [7]p zanmbertarser() [ numy () ....[num., () aendarse()
[x" chary...char, "] 7z = [[ﬂ]ll— Zastrin ) ['char, () .["char, () +e
I "EOLchary...char, BOL"] . 7=

()[[(/mn]]() Tchar, AOTEOLY wesicse()

[ (Loop ( 4,.nciec'érue( )B) catch on exceptionVoid (void) void) ]], z

[if z By else BZ]]F,Z = [(z4c ¢() catch on exception Void By B3, void) ] 7

[if e By else Bo] - [ y=eity By elseB))]ll- 7 withy freshand e # 2

[(X1K1.. XK ne) ] 7 XK1 (X Ke) ) ez

[(X.X,Ke)]p 7z = (A[[,1| Xolpz [[K']]F’I [[(:]]F,I) with IV = domVar(X'y... X,
[void] . 7 = void [7lrz = "7lz [e doc]r 7z = [(doce) ] =

[oop ez =loop[elrz  [selpz=slelpz [e.mlps) ]z = [elz-m(Ipsly z)
[using 7 check .1m(ps) ez = using [7] - 7 check.m([ps]y z) [elr z

o) [{ XK1 00K 7 = (Void 2= (XK. X K void) [ 7

catch ¥ on returnAny () error void)

Definition: [¢] . £ case variable decl on — catch

T,

‘[var Taze]pz=T
shared Outer:: C' 2

A[[ T {’]]1 L= "|[ ]]u r=[c /]]1‘,?

el inmutable Void w=[ ¢ . zwith = fresh

z with z ¢ dom(T")

inner () with z € dom(T")

mer ([e]lp 7)

'I'(’I'n 1)

) < 1) = [LT o= (return

) onreturnAny (exception void) error void) with zfresh andz; ¢ dom(I")

T(z1):{ (shared I" (21

cast!

(2o + 1)
sharedmethod 741

shared Outer:: ' 1(,'0\11:51(, F( T1
catch 2 onreturn 77 (2) on return Any (exceptmnvmd) error voxd) ) w1lh/ fresh andz; € dom(I")
Definition: [¢], case on — catch
Meatch O], = eatenz O,
"[[catch 201..0,], = atchz K[O Ip- K[[O,,]]p iff none of 0, ...0,, of form on s 7if e B
otherwise K{[catch 20:..0,], = [[catch zonshy (withr O1..0, (s2)) ],
iff all of ©;...0,, of form on s ,if ¢; 3; that is, all captures the same s
otherwise "|[catch 2 01..0,], = catchz: 0..04,0)) thatis, ons are grouped w.r.t. s;
with {0,..0,00} = {0,..0,)}, Oy = 73 2B,
Vi € 1..k: O; =ons;_..ons;_andVO, O'such thatO; =_00O"_: 0.0, =_000"_,
Vi, j € 1.k : either jors;#s;, Vi€O0.k:catchzO = K{[catch zO I
Kons w B],, = on s [], [B] , (note:on s rife 13 is managed in the catch)
Definition: [ ¢] case with
@ [1ith ¥ O° B], = [ (XB Boid) ],
& [W], = [W (vid) ],
@ [withzy...z,0n T1... T B1 Bl 7 = [ (cast™ T (yy « 21)...cast™ T T (y,,  z,,)
catchexceptionVoid By (B1[z1 11 = y1]...[wy T =y )) void) ],
i y;:C; € I'iff z; € dom(I') and C; fresh
won Ty Tyif g By Ba], = [ (
type Any y={with z ..z on 7'1... 7", (if e (returnVoid) ) returniny}
withy z1..zn0nVoid 7.7, By B2) |,
@ PVif eB1 Bo], = WV (if eBielseBs) |,
©[Won Ty T,if eB; Bs ]],,7[[W (withzy..zp0on 7.
withz_..z,,_C
O°B], = [[mth' o8],
@ [with Z X (’)*‘Bﬂ » = [declarelts— :
with [Z], = ¥ato 2o 0. . Ty, Trin T, zpz€n,
XK = next; (vat; 2, Tozo... T'nzn) and B' = replaceAssign, ., . .. (B)
Definition: [¢] case collecuons mmahzanon and operators
anicw e [ Twith 7 Z X O%on Tllfr By ..o T,,xfz ,,b,,B]]],, = [( T zzeaamply()

with either O = () = B or O° = mstart B

T,if eBelseBBs) 1»

- ((OMo0p( X (X0 Ko X, K, BI, ])

otherwise 5
Deﬁmtlon. e[z
=e, otherwise
=y
Definition: replaceAssign,—
replaceAssign,, . -— (|

replaceAssign, 7= (E7 [ eqOp zauwdste(e) )
iff e # zaupdate(_)
replaceAssign,, . -—(¢) = replaceAssign.— ()
iff e inside ¢ implies ey = z#update(_)
replaceAssigng g (¢) = ¢
Deﬁmtlon [el 2 aux1hary definitions

It ::(’,]:5‘*[(:;]“'
y]

nilen]n
[[\/l”]]ﬂ

e,
MM,
[[(']]

» = C:[e], Where ¢ is found on the

tem depending on the original position
.. symbol in the source and '

= ['mY(F) <7],

= interface <:"[ 7],

rait <:"[7],

Mlmh z’]],, = CieM[mh], e’

with ¢’ = [[¢], without all the X' of form C:e

M imethod T m( T =) exception 7 7], =
pnethod [ 7], ['m ([ T ,,]) exception ™[],

M[[method m ( T) nethod[ m

P e

zqpin Ty xoze
Lin z'_;:z:with o fresh

) well deﬁned and
Vl < ki £;(::C) not well defined
. = Outer,,:: C:: C'
where Vi€ Oon: L; ( ()nol well defined
Definition: declarellsr( TozoTnzn, L, e)
declarelts (0 0,e)= ( catchon exceptmn Voxd (void) voi
declareltsy (TW
declareltsy (
declareltr(Tz,‘\E Tzine)
(eq catch i on return Any (.4close() returny)
on exception Any (.#close() exception /)
zaclose())))
Definition: declarellr( T 2, Vet T
‘ declareltr (72, var T uu) =
Definition: next; (var z, Tozo.. T,,7,7)

Vith T Z X O ‘(’7&'1 ifey (z ndd(B.) ) ..o T, ife, (za42dd(B,,) ) (zaadi(B) )‘(1‘)]]1,
with either (z.4204(53) ) and BB empty or (, 20(B)) = (z4:di(B)) and B = B
niv)[e [ps1;..; psni 1], = [e ) #add(ps1) ..4add(psn) ]
op [e1 binOp ea]z = [e1.["binOpP(e2) |z
[unOp elz = [elz.["'unOpT()
[e (ps) Iz = [esamli(ps) Iz
Definition: [”_7 char, number and operators
[0 =40..["9] =¢9 [a]=¢a.[Z]=sz [A]
[. ] =#go..[ L= = [0 = sapply
)[; Tce )]Iz_ with eqOp # (=)

—

[z eqOp € 22
Definition: guessTyper-(¢)
guessTyper (L) = immutable Library
guessTyper(z) = I'(z)
guessTyper(7) = type 7

guessTypey(void) = guessType-(s ¢) = guessTyper-(z cgOp ¢) = guessTyper(s ¢) =
guessTyper (if ¢ B else 35) = guessTyper (vhile ¢ 3) = guessTyper (W F) = inmutableVoid
guessTyper (num,...num,m) = guessTyper (mammberdarser() .[ num, () ..
['num, ']]() aendpa
guessTyper (7" chary
guessTyper (7 "EOLchar.
[char, JOI'EOLT ( Jendpars
guessTyper (unOp ¢) = guessTypep (e.['unOp7())
guessTypey: (1 binOp e5) = guessTyper-(e1.['binOp(e2))
guessTyper (¢ (ps) ) = guessTypep(e4zpply(ps) )
guessTyper (e.m(ps)) = T'm iff guessTyper(¢) =
guessTyper(e.m(ps) ) = wm iff guessTyper(¢) = pu 7
guessTyper( (XK. X, K, ¢)) = guessTyper (¢) with I = guessTyper (X1..X,,)
and guessTyper-() = ' guessType-(¢ X') = guessTyper(C:e X') = guessTyper(X)
guessTyper (var T z=e.X') = guessTyper . 1 (X)
guessType (Ve Y) = guessTyper .+ guessType,.(
guessTyper ({1 1.4, K, }) is correctly undefined
guessTyper (e [ p: Psni 1) = guessTyper(eaply() #add(psy) ...4add(ps,) )
guessTyper (¢ [W‘E] ) = guessTyper (e4amply() )
guessTyper (e doc) = guessTyper- (using 7 check m ( doc ps) ¢) = guessTyper(€)

parser() .["char, () ...[ "char,, () #end
mastringarser ()] ‘char,]() ...

(@)

next; ( r,‘TUNU.. T,,z,,) =¥t T; =2, anext()
catch on exception Void (
( ?,H =741 4next () catch on exception Void (void) )
. (7,, n#next () catch on exception Void (void) )

(0 #chec! ) catch on exception Void (void) )
o (2 Hchy d( ) catch on exception Void (void) )
exception void)

Definition: [doc],
[doc], replaces all substrings of the form
@mand@ (e) with@[7],and@ ([e],)
This applies to all documentations excluding the
one in multi-line string literals.
Definition: domvar(.X';..X,,)
z:C' € domVar(X.. X)) iff
X, = 7vax?‘,-r;7. C'isfreshandi € 1.n




