Name

Class declaration
Super class

Member declaration

a,b

D = class a extends s {d}
s = a | none
d =vala:T

field declaration
method definition

Term t,u =a variable, current instance
| new a(t) instance creation
| t.a field selection
| t.a(t) method call
Type T,U =:=a class type
Program P =Dt
Class symbol oc = Class(allf|[m) (a parents, I'y fields, I, methods)
Field symbol oy u==Field(T) (T field type)
Method symbol om = Meth(T|T) (T parameter types, T result type)
Variable symbol oy u=Var(T) (T variable type)
Class scope I. a+— Oc
Field scope I'y ==aw—oy
Method scope Iy i=0+— 0m
Variable scope Iy, =Qq+r Oy
Notation Interpretation Condition
a sequence at,...,G0n n>0
€ empty sequence
|| length of sequence @
6,5 sequence concatenation
avr— o a1+ O1y...,0pn — Onp
dom(a — o) a
Il Ft:T |I; 0 bty 2T, T3 Ty F ty s Toln = [t = |T)
D) ’ In=1I. ) ’
L+t D=1I {We[Ln], I - Di = i n=ID|, I =In+
I'+ (a— o) Ia—o a ¢ dom([I")
I'+(ar o) I' aw oI I'=I" aw o' I
I'y(a— o) I'+(a— o) a ¢ dom(I")
I'w{e} r
rv{a—o,I"}(I'W(a— o)W {l"}

Fig. 1. ZWEI Object-Oriented Fragment: Abstract Syntax, Symbols and Notations




(Ident)

(Select)

(Call)

(New)

Term typing
Ie; Ty Ft:T)

a— Var(T) € I,
Ie; Iy Foa:T

Ie; Iy F t:b
b+ Class(b||I'm) € I
a— Field(T) € I'y
Ie; Iy F taa:T

Ie; Iy F t:b
b+ Class(b||I'm) € I
a+— Meth(T|T) € Iy,
I, -t:U I.+-U<T
I; I, F ta(t): T

a+ Class(b|I|Im) € T
I'y = @+ Field(T)

I.r,+-t:U I.+-U<:T
I'; Iy F newa(t):a

(Prog)

Program typing
(P o)

e D =T,
Ie;e-t:T
Dto

(Class)

Class typing
(I. - D = TI))

I. = s = (a|llf|Tn)
I =T.4(aw Class(a,a|lf|n))
Tliatd= T/

I. - class a extends s {d} = I/

(None)

(Super)

Superclass typing
(e b s = (@Iy|Im))

I' F none = (elele)

a— Class(a|l|[wm) € I
't a = (@l|lm)

(Field)

(Method)

Member typing
(I;a b d = T))

I'.-To
b+ Class(b|I|I,) € I
I'f =T’y ¥ (a — Field(T))
I =1TI.+ (b Class(b|I}|I'n))
I';brvala:T = I

I.+-To I.tFTo
b Class(b|f|Im) € I.

a — Meth(U|U) € Iy, implies {FC U<

I, = Iy + (a — Meth(T|T))
Il =T.+ (b Class(b|I|I},))

Iy, = e W {this — Var(b),a — Var(T)}
r,r,-¢:7 I.+FT <T

T
I.-T<:U

Ie;b b defa(@a:T):T=t = I

(ClassType)

Type typing
(I B To)

a — Class(allf|Im) € I
I. - ao

(SubClass)

Subtyping
(I v T<:T)

a — Class(a|lf|[m) € I
I'. F a<:a;

Fig. 2. OO Typing




Integer n

Unary operator unop ::
Binary operator binop ::

Term t,u
Statement S
Type T

n=n
null

unop t

t binop t’
readInt
readChar

if (t) ¢’ else t”

{St}

while (t) {S}
vara:1T =t

|

| seta=t

| dot

| printInt(t)

| printChar(t)
;= Int

| Null

integer literal
null reference
unary operation
binary operation
read integer
read character
conditional
block

(as before)

loop

local variable
variable assignment
instruction

print integer

print character

integer type
null type
(as before)

Fig. 3. Additional Abstract Syntax




Term typing
(Ie; Ty Ft:T)

Statement typing
(Ie; Ty F S = 1)

Ie; Iy, F t:Int
I, -8 =T

IntLa -
(IntLit) I'e;T, F n:Int
(Nullth) Ie; Iy F null:Null
Ie; Iy F t:Int
. :
(Unop) Ie; Iy F unopt: Int
binop is not == nor ! =
I, I, F t:Int
. Fc§ I, F u:Int
(Binop) I'.; T, - tbinopu: Int
binop is == or ! =
Ie; Iy F t:T I'; Iy B w:U
I FT<Uorl. -FU<:T
ObjC
(ObjComp) Ic;; Iy + tbinop u: Int
(ReadInt) Ie; I, - readInt : Int
(ReadChar) I'.;: I, F readChar : Int
Ie; Iy = t:Int
LDy bt T LD, -t T
(If) lubr (T,7") =U
I; T, - if (t)t' elset”: U
I;I,+ 8 =T
I'; I Ft:T
Block TS
(Block) R T
Least upper bound
(ubr (T, T") = U)
I+ T<:UandI. - T <:U
Ir.-T<U
VU s = L FU<U
I+ T :U’} ‘
(Lub) =

IUch (T, T/) - U

Whil S
(While) Ie; Ty = while (t) {S} = T
I. - To
Ly b t:U I b U<T
Iy =TI, ¥ (a— Var(7))
(Var) I'; Iy Fvara:T=t = I,
a—Var(T) € I,
Fc; FU Ht:U
I. - U<:T
(Set) I'e; Iy F seta=t = I
Fc; F’u Ft:T
(Do) I;T, Fdot = I
I; Iy, F t:Int
PrintInt
(Printlnt) - printInt(t) = I}
I.; Iy = t:Int
PrintCh :
(PrintChar) I'.; I, + printChar(t) = I,
Type typing
(I. + To)
IntT T, F Into
(IntType) I. F Into
NullT T. F Nullo
(NullType) T. - Nullo
Subtyping
(I - T<T)
(IntRefl) T. F Int <:Int
(NullRefl) I': + Null <:Null
(SubNull)

Fig. 4. Typing of Additional Syntax




