CAE

Subclasses with CAE:

{class posn

Xy

{nmdist {+ {get this x} {get this y}}}

{addDi st {+ {dsend arg ndi st 0}

{dsend this ndist 0}}}}

{class posn3D

XYy 2z

{mdi st {+ {get this z}

{ssend this posn ndist arg}}}

{addDi st {ssend this posn addDi st arg}}}

{send {new posn3D 1 2 3} addDi st {new posn 3 4}}

Programmer manually
 duplicates fields

* Implements method inheritance



ICAE

ICAE adds implementation inheritance:

{class posn extends object
Xy
{mdist {+ {get this x} {get this y}}}
{addDi st {+ {send arg ndi st 0O}
{send this ndist 0}}}}
{class posn3D extends posn
Z
{mdi st {+ {get this z}
{super ndist arg}}}}
{send {new posn3D 1 2 3} addDi st {new posn 3 4}}

We can compile ICAE programs to CAE



<pr og>
<decl >
<met h>
<| CAE>

ICAE Grammar

<decl >* <| CAE>

{class <cid> <fid>* <nmet h>*}

{<m d> <I| CAE>}

<nunv

{+ <I CAE> <I| CAE>}

{- <ICAE> <I| CAE>}

{if0 <I CAE> <I CAE> <I| CAE>}

arg

this

{new <ci d> <I CAE>*}

{get <ICAE> <fi d>}

{send <I| CAE> <ni d> <| CAE>} =
{super <m d> <I| CAE>} o



ICAE Datatypes

(define-type | CAE

[1Tnum (n : nunber)]

[istr (s : string)]

[iadd (I hs : | CAE)
(rhs : | CAE) ]

[1sub (I hs : | CAE)
(rhs : | CAE) ]

[11f0O (test-expr : | CAE)
(then-expr : | CAE)
(el se-expr : | CAE)]

[1arg]

[ithis]

[1new (class : synbol)
(args : (listof | CAE))]

[1get (obj-expr : | CAE)
(field-nanme : synbol)]

[1send (obj-expr : | CAE)
(et hod- nane : synbol)
(arg-expr : | CAE)]

[ 1 super (nethod-name : synbol)
(arg-expr : I1CAE)])



ICAE Datatypes

(define-type | Decl
[1class (nane : synbol)
(super : synbol)
(fields : (listof IField))
(methods : (listof IMethod))])

(define-type | Field
[ifield (name : synbol)])

(defi ne-type | Met hod
[1method (nanme : synbol)
(body-expr : | CAE)])



ICAE Interpreter

(define (iinterp idecls iexpr)
(l ocal [(define expr (conpile-expr iexpr
(1class 'bad 'bad enpty enpty)))
(define cdecl s-not-fl at

(map conpil e- et hods i decls))
(define cdecls
(map (Il anbda (cdecl)
(flatten-class cdecl idecls cdecls-not-flat))
cdecl s-not-flat))]
(interp expr <cdecls (nunv 0) (nunV 0))))



ICAE Compiler: Expressions

(define conpile-expr : (I CAE I Decl -> CAE)
(l anbda (icae this-class)
(l ocal [(define (recur expr)
(conpi | e-expr expr this-class))]
(type-case | CAE icae
[ inum (n) (numn)]
i1str (s) (str s)]
‘1add (r |) (add (recur 1) (recur r))]
i1sub (r |) (sub (recur |) (recur r))]
(11 f0 (t th el)
(1fO (recur t) (recur th) (recur el))]
[targ () (arg)]
[1this () (this)]
[1 new (cl ass-nane fiel d-exprs)
(new cl ass-nanme (map recur field-exprs))]
[1get (expr field-nane)
(get (recur expr) field-nane)]

))))




ICAE Compiler: Expressions

(define conpile-expr : (I CAE I Decl -> CAE)
(l anbda (icae this-class)
(local [(define (recur expr)
(conpi | e-expr expr this-class))]
(type-case | CAE | cae

[1send (expr nethod-nane arg-expr)
(dsend (recur expr)
nmet hod- nane
(recur arg-expr))]
[ 1 super (nethod-nanme arg-expr)
(type-case | Decl this-class
[1class (nanme super-nane fields nethod)
(ssend (this)
super - nane net hod- nane

(recur arg-expr))J)]))))



ICAE Compiler: Methods

(define (conpil e-nethods idecl)
(type-case | Decl idecl
[1class (nanme super-nane fields nethods)
(cl ass nane
(map (lanmbda (f)
(type-case IField f
[ifield (nane) (field nane)]))
fields)
(map (lanmbda (m
(type-case | Met hod m
[1 met hod (nanme body-expr)
( met hod nane

(conpi | e- expr body- expr

met hods) ) ]))

i decl))]))



ICAE Compiler: Flatten Class

(define (flatten-class cdecl idecls cdecls)
(type-case CDecl cdecl
[class (nanme fields nethods)
(type-case I Decl (find-iclass nane idecls)
[1class (nanme super-nane ifields inethods)
(type-case CDecl (if (equal? super-nanme 'object)
(class 'object enpty enpty)
(flatten-cl ass
(find-class super-nane cdecl s)
| decl s
cdecl s))
[ cl ass (super-nanme super-fields super-nethods)
(cl ass nane
(add-fields super-fields fields)
(add/ repl ace- net hods super - net hods

methods))]1)1)]1))

10



ICAE Compiler: Flatten Fields

(define (add-fields super-fields fields)
(append super-fields fields))

11



ICAE Compiler: Flatten Methods

(define (add/repl ace-net hods net hods new net hods)
(cond
[ (enpty? new net hods) net hods]
[ el se (add/repl ace- net hods
(add/ repl ace- net hod net hods (first new net hods))
(rest newnethods))]))

(defi ne (add/repl ace-net hod net hods new net hod)
(cond
[ (enpty? nethods) (list new nethod)]
[ el se
(1f (equal? (nethod-nane (first nethods))
( met hod- nane new net hod) )
(cons new net hod (rest nethods))
(cons (first methods)
(add/ repl ace-net hod (rest nethods)
new net hod)))]))

12



Typechecking Programs with Classes

Is this program well-formed?

{cl ass posn extends object
X . num y : num
{nmdi st : num-> num
{+ {send {get this x} ndist 0O}
{send {get this y} ndist 0}}}}
10

No —the x and vy fields are not objects

13-14



Typechecking Programs with Classes

Is this program well-formed?

{class posn extends object
X . num y : num
{mdi st : num-> num
{+ {get this x} {get this z}}}}
10

No —posn has no z field

15-16



Typechecking Programs with Classes

Is this program well-formed?

{cl ass posn extends object
X : num y : num
{mdi st : num -> num
{+ {get this x} {send this get-y 0}}}}
10

No —posn has no get - y method

17-18



Typechecking Programs with Classes

Is this program well-formed?

{class posn extends object
X . num y : num
{nmdi st : num -> posn

{+ {get this x} {get this y}}}}
10

No —result type for ndi st does not match body
type

19-20



Typechecking Programs with Classes

Is this program well-formed?

{class posn extends object
X . num y : num
{mdi st : num-> num

{+ {get this x} {get this y}}}}
10

Yes

21-22



Typechecking Programs with Classes

Is this program well-formed?

{class posn extends object
X . num y : num
{mdi st : num-> num

{+ {get this x} {get this y}}}}
{new posn 12}

No —wrong number of fields in new

23-24



Typechecking Programs with Classes

Is this program well-formed?

{class posn extends object
X . num y : num
{mdi st : num-> num

{+ {get this x} {get this y}}}}
{new posn 12 {new posn 1 2}}

No —wrong field type for first new

25-26



Typechecking Programs with Classes

Is this program well-formed?

{cl ass posn extends object
X . onum y : num
{mdi st : num -> num
{+ {get this x} {get this y}}}
{clone : num -> posn
{new posn {get this x} {get this y}}}}
{send {new posn 1 2} cl one 0}

Yes

27-28



Typechecking Programs with Classes

Is this program well-formed?

{cl ass posn extends object
X . onum y : num
{mdi st : num -> num
{+ {get this x} {get this y}}}
{clone : num -> posn
{new posn {get this x} {get this y}}}}
{cl ass posn3D extends posn
Z . num
{mdi st : num -> num
{+ {get this z} {super ndist arg}}}}
{new posn3D 5 7 3}

Yes

29-30



Typechecking Programs with Classes

Is this program well-formed?

{cl ass posn extends object
X . onum y : num
{mdi st : num -> num
{+ {get this x} {get this y}}}
{clone : num -> posn
{new posn {get this x} {get this y}}}}
{cl ass posn3D extends posn
Z . num
{mdi st : num -> posn
{new posn 10 10}}}
{new posn3D 5 7 3}

No —override of ndi st changes result type

31-32



Typechecking Programs with Classes

Is this program well-formed?

{cl ass posn extends object
X . num y I num
{mdi st : num -> num
{+ {get this x} {get this y}}}
{clone : num -> posn
{new posn {get this x} {get this y}}}}
{cl ass posn3D extends posn
Z . num
{mdi st : num -> num
{+ {get this z} {super ndist arg}}}
{clone : num-> posn3D
{new posn3D
{get this x}

{get this y}

{get this z}}}}
{new posn3D 5 7 3}

No —override of cl one changes result type

33-34



Typechecking Programs with Classes

Is this program well-formed?

{cl ass posn extends object
X . num y I num
{mdi st : num -> num
{+ {get this x} {get this y}}}
{clone : num -> posn
{new posn {get this x} {get this y}}}}
{cl ass posn3D extends posn
Z . num
{mdi st : num -> num
{+ {get this z} {super ndist arg}}}
{clone : num -> posn
{new posn3D
{get this x}

{get this y}

{get this z}}}}
{new posn3D 5 7 3}

Yes —which means that we need subtypes

35-36



Typechecking Programs with Classes

Is this program well-formed?

{cl ass posn extends object

"
{cl ass posn3D extends posn
A
{ifo ... {new posn 1 2} {new posn3D 5 7 3}}

Yes —and expression type Is posn

37-38



<pr Og>
<decl >
<field>
<met h>
<TE>

TICAE Grammar

<decl| >* <| CAE>

{class <cid> <field>* <net h>*}
<fid>:
{<m d> :

num
<ci d>

<TE>
<TE> -> <TE> <| CAE>}

>

eN

Z,

wel

et
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TICAE Datatypes

(defi ne-type TDecl
[tclass (nane : synbol)
(super-nane : synbol)

(fields : (listof TField))
(methods : (listof TMethod))])

(define-type TField
[tfield (nanme : synbol)
(te : TE)])

(defi ne-type TMet hod
[tmet hod (nane : synbol)
(arg-te : TE)
(result-te : TE)
(body-expr : |1 CAE)])

40



TICAE Datatypes

(define-type TE
[ NUMTE]
[ strTE]

| obj TE (cl ass-nane :

(define-type Type
[ numl]
[ strT]

[ob]j T (class-nane :

synmbol ) ])

synbol ) ])

41



TICAE Type Checking

(define (typecheck tdecls expr)
(begin
(map (1 anbda (tdecl)
(type-case TDecl tdecl
[tclass (nanme super-nane fields nethods)
(map (lanmbda (m
(begin
(typecheck-net hod mtdecl tdecls)
(check-override mtdecl tdecls)))
met hods) ]))
t decl s)
(typecheck-expr expr tdecls (nunil)
(tclass 'bad 'bad enpty enpty))))

42



TICAE Type Checking: Methods

(define (typecheck-nethod nethod this-tdecl tdecls)
(type-case TMet hod net hod
[tnmethod (nane arg-te result-te body-expr)
(if (is-subtype?
(typecheck-expr body-expr tdecls
(parse-type arg-te) this-tdecl)
(parse-type result-te)
t decl s)
(val ues)
(type-error body-expr
(to-string (parse-type result-te))))]))

43



TICAE Type Checking: Method Overrides

(define (check-override nethod this-tdecl tdecls)
(local [ (define super-nane
(tcl ass-super-nane this-tdecl))
(defi ne super-net hod
(try
(find-nmethod-in-tree (tnethod-nane nethod)
(find-tclass super-nane tdecls)
t decl s)
(lanbda () nethod)))]
(i1f (and (equal ? (tnmethod-arg-te nethod)
(tmet hod-arg-te super-nethod))
(equal ? (tnethod-result-te nethod)
(tnmet hod-result-te super-nethod)))
(val ues)
(error 'typecheck (string-append
"bad override of
(to-string nethod-nanme))))))



TICAE Type Checker

(define typecheck-expr : (I CAE (listof TDecl) Type TDecl -> Type)
(l anbda (expr tdecls arg-type this-class)
(l ocal [(define (recur expr)
(typecheck-expr expr tdecls arg-type this-class))]
(type-case | CAE expr

[T num (n) (numl) ]
[istr (s) (strT)]
[iadd (I r)
(type-case Type (recur 1)
[ numl' ()
(type-case Type (recur r)
[ numl () (numl) ]
[else (type-error r "num')])]
[else (type-error | "num')])]
[1sub (I r) ...]
[Targ () arg-type]
.2))))

45



TICAE Type Checker

(define typecheck-expr : (I CAE (listof TDecl) Type TDecl -> Type)
(l anbda (expr tdecls arg-type this-class)
(l ocal [(define (recur expr)
(typecheck-expr expr tdecls arg-type this-class))]
(type-case | CAE expr

[11f0 (test-expr then-expr el se-expr)
(local [(define test-type (recur test-expr))
(define then-type (recur then-expr))
(define el se-type (recur else-expr))]
(type-case Type (recur test-expr)
[ numl' ()
(cond
[ (i s-subtype? then-type el se-type tdecls)
el se-type]
[ (i s-subtype? el se-type then-type tdecls)
t hen-type]
[ el se
(type-error el se-expr
(to-string then-type))])]
[el se (type-error test-expr "nuni)]))]

o))
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TICAE Type Checker

(define typecheck-expr : (I CAE (listof TDecl) Type TDecl -> Type)
(l anbda (expr tdecls arg-type this-class)
(l ocal [(define (recur expr)
(typecheck-expr expr tdecls arg-type this-class))]
(type-case | CAE expr

[ithis ()
(type-case TDecl this-class
[tclass (nane super-nane fields nethods)
(obj T nane)])]

o))

47



TICAE Type Checker

(define typecheck-expr : (I CAE (listof TDecl) Type TDecl -> Type)
(l anbda (expr tdecls arg-type this-class)
(l ocal [(define (recur expr)
(typecheck-expr expr tdecls arg-type this-class))]
(type-case | CAE expr

[1 new (cl ass-nane exprs)
(local [(define arg-types (map recur exprs))]
(i1f (andmap2 (lanbda (t1 t2)
(i s-subtype? t1 t2 tdecls))
arg-types
(get-all-field-types class-nane tdecls))
(obj T cl ass-nane)
(type-error expr "field type msmatch")))]

o))

48



TICAE Type Checker

(define typecheck-expr : (I1CAE (listof TDecl) Type TDecl -> Type)

(l anbda (expr tdecls arg-type this-class)
(l ocal [(define (recur expr)
(typecheck-expr expr tdecls arg-type this-class))]
(type-case | CAE expr

[1get (obj-expr field-nane)
(type-case Type (recur obj-expr)
[ ob] T (cl ass-nane)
(local [(define field
(find-field-in-tree
field-nane
(find-tclass class-nanme tdecls)
tdecl s))]
(type-case TField field
[tfield (nane te)
(parse-type te)]))]
[el se (type-error obj-expr "object")])]

o))
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TICAE Type Checker

(define typecheck-expr : (I CAE (listof TDecl) Type TDecl -> Type)
(l anbda (expr tdecls arg-type this-class)
(l ocal [(define (recur expr)
(typecheck-expr expr tdecls arg-type this-class))]
(type-case | CAE expr

[1send (obj-expr nethod-nane arg-expr)
(l ocal [(define obj-type (recur obj-expr))
(define arg-type (recur arg-expr))]
(type-case Type obj-type
[obj T (cl ass-nane)
(typecheck-send cl ass-nane net hod- nane
arg-expr arg-type tdecls)]
[ el se
(type-error obj-expr "object")]))]
.2))))
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TICAE Type Checker

(define typecheck-expr : (I CAE (listof TDecl) Type TDecl -> Type)
(l anbda (expr tdecls arg-type this-class)
(l ocal [(define (recur expr)
(typecheck-expr expr tdecls arg-type this-class))]
(type-case | CAE expr

[ 1 super (nethod-name arg-expr)
(local [(define arg-type (recur arg-expr))]
(typecheck-send (tcl ass-super-nane this-class)
met hod- nane
arg-expr arg-type tdecls))]

o))
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TICAE Type Checker: Sends

(define typecheck-send
(I anbda (cl ass-nane net hod-nane arg-expr arg-type tdecls)
(type-case TMet hod (find-nethod-in-tree
met hod- nane
(find-tclass class-nane tdecls)
t decl s)
[tnmethod (nane arg-te result-te body-expr)
(if (is-subtype? arg-type (parse-type arg-te) tdecls)
(parse-type result-te)
(type-error arg-expr
(to-string (parse-type arg-te))))])))
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TICAE Type Checker: Subtypes

(define (is-subclass? nanel nane2 tdecls)
(cond

[ (equal ? nanel nane2) true]
[ (equal ? nanel 'object) false]
[ el se
(type-case TDecl (find-tclass nanel tdecls)

[tclass (nane super-nane fields nethods)

(i s-subcl ass? super-nanme nane2 tdecls)])]))

(define (is-subtype? t1 t2 tdecls)
(type-case Type t1l
[obj T (nanel)
(type-case Type t2
[ob] T (nane2)
(i s-subcl ass? nanel nanme2 tdecls)]

[el se false])]

[else (equal? t1 t2)]))
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TICAE Type Checker: Tree Helpers

(define find-in-tree
(lanbda (find-in-list extract)
(1 anbda (nane tdecl tdecls)
(local [(define itens (extract tdecl))
(defi ne super-nane
(tcl ass-super-nane tdecl))]
(if (equal ? super-nane 'object)
(find-in-list nane itens)
(try (find-in-list nanme itens)
(1 anmbda ()
((find-in-tree find-in-list extract)
name
(find-tclass super-nane tdecls)

tdecls))))))))

(define find-field-in-tree
(find-in-tree find-tfield tclass-fields))

(define find-nethod-in-tree
(find-in-tree find-tnmethod tcl ass-net hods))



TICAE Type Checker: Other Helpers

(define (parse-type te)
(type-case TE te
[ nUMTE () (numl) ]
[strTE () (strT)]
[ obj TE (nane) (obj T nane)]))

(define (get-all-field-types class-nane tdecls)
(if (equal ? class-nane 'object)
enpty
(type-case TDecl (find-tclass class-nane tdecls)
[tclass (nane super-nane fields nethods)
(append
(map (lanbda (f) (parse-type (tfield-te f)))
fields)
(get-all-field-types super-nane tdecls))])))

(define (andmap2 f 11 12)
(cond
[(and (enpty? |1) (enpty? |2)) true]
[(and (cons? I1) (cons? [2))
(and (f (first 11) (first 12))
(andmap2 f (rest |1) (rest [2)))]
[el se fal se]))
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TICAE Interpreter

(define (tinterp tdecls expr)
(tinterp (map strip-types tdecls)
expr))

(define (strip-types tdecl)
(type-case TDecl tdecl
[tclass (nanme super-nane fields nethods)
(iclass
name
super - nane
(map (1 anmbda (f)
(type-case TField f
[tfield (name te) (ifield nane)]))
fields)
(map (lanmbda (m
(type-case TMet hod m
[tnmethod (nane arg-te result-te body-expr)
(i met hod nane body-expr)]))
met hods) ) ]))
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