CAE

Subclasses with CAE:

{class posn

Xy

{mdi st {+ {get this x} {get this y}}}

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

{dsend this ndist 0}}}}

{class posn3D

XYy z

{mdi st {+ {get this z}

{ssend this posn ndist arg}}}

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

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

Programmer manually
 duplicates fields

e Implements method inheritance



ICAE

ICAE adds implementation inheritance:

{class posn extends object

Xy

{mdi st {+ {get this x} {get this y}}}

{addDi st {+ {send arg ndi st 0O}

{send this ndist 0}}}}

{cl ass posn3D extends posn

V4

{mdi st {+ {get this z}

{super posn 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> <meth>"}
{<m d> <I CAE>}

<nune

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

{- <l CAE> <I| CAE>}

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

arg

this

{new <ci d> <| CAE>"}

{get <ICAE> <fid>}

{send <I CAE> <mi d> <| CAE>} o
{ super <m d> <| CAE>} e



ICAE Datatypes

type icae =
| Num of i nt
| 1Add of icae * icae
| 1Sub of icae * icae
| 11fZ of icae * icae * |Icae
| 1Arg
| I This
| INew of string * icae |ist
| 1Get of icae * string
| 1Send of icae * string * icae
| | Super of string * icae

and i decl =
| G ass of string * string * ifield list * inmeth |1 st

and ifield = IField of string
and ineth = | Method of string * icae



| et

ICAE Interpreter

linterp = function
(idecls, expr) ->
| et expr
= conpi | eExpr (expr, Idass("bad", "bad", [], []))
I n | et cdecl sNot Fl at
= (List.map (fun sdecl -> conpil eMethods(sdecl))
| decl s)
in |let cdecls
= (List.map (fun cdecl -> flattend ass(cdecl,
| decl s,
cdecl sNot Fl at) )
cdecl sNot Fl at)
In interp(expr, cdecls, NumV(0), Nunv(O0))



ICAE Compiler: Expressions

| et rec conpil eExpr = function
(expr, thisdass) ->
| et recur = fun expr -> conpil eExpr(expr, thisd ass)
I n match expr with
| Nun(n) -> Num(n)
| 1'Add(l, r) -> Add(recur |, recur r)

| 1'Sub(l, r) -> Sub(recur |, recur r)
| 11fZ(tst, thn, els) -> IfZ(recur tst,
recur thn,

recur els)

| 1Arg -> Arg
| 1'This -> This
| I New(s, exprs) -> New(s, List.nmap recur exprs)
| 1Get(expr, fnane) -> Get(recur expr, fnane)
| 1Send(expr, mmane, argExpr) ->

DSend(recur expr, mmane, recur argExpr)
| | Super (mane, expr) ->

let ICass(_, snanme, , ) = thisC ass

I n SSend( This, sname, mmane, recur expr)



ICAE Compiler: Methods

| et rec conpil eMet hods = function
sdecl ->
| et 1 ass(nane, superNanme, fields, nethods) = sdecl
I n Cl ass(nane,

Li st. map
(fun (IField(fnane)) -> Field(fnane))
fields,
Li st. map
(fun (I Met hod(name, expr)) ->
Met hod( nane,
conpi | eExpr ( expr,
sdecl)))

nmet hods)



ICAE Compiler: Flatten Class

let rec flattenCl ass = function
(C ass(nanme, fields, nethods), idecls, cdecls) ->
let 1 ass(_, superNane, , ) = findldass nane idecls
in let Cass(_, superFields, superMethods)
= 1 f (superNanme = "object")
then C ass("object”, [], [])
el se flattend ass(findCl ass super Nane cdecl s,

| decl s, cdecl s)
I n Cl ass(nane,

addFi el ds(superFields, fields),
addRepl aceMet hods( super Met hods, net hods))



ICAE Compiler: Flatten Class, Fields

| et addFields = function
(superFields, fields) -> List.append superFields fields



| et

and

ICAE Compiler: Flatten Class, Methods

rec addRepl aceMet hods = function
(met hods, []) -> nethods
(met hods, neth::nrest) ->
addRepl aceMet hods( addRepl aceMet hod( net hods,
nr est)

addRepl aceMet hod = functi on
([]1, bneth) -> [bneth]
(( Met hod(anane, aexpr) as aneth)::arest,
( Met hod( bnane, bexpr) as bneth))
-> i f (ananme = bnane)
t hen bnet h:: arest
el se anet h:: (addRepl aceMet hod (arest, bneth))

nmet h) ,

10



Typechecking Programs with Classes

Is this program well-formed?

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

No —the x and y fields are not objects

11-12



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

13-14



Typechecking Programs with Classes

Is this program well-formed?

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

No —posn has no get - y method

15-16



Typechecking Programs with Classes

Is this program well-formed?

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

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

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

17-18



Typechecking Programs with Classes

Is this program well-formed?

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

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

Yes

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}}}}
{new posn 12}

No —wrong number of fields in new

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 {new posn 1 2}}

No —wrong field type for first new

23-24



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} {get this y}}}
{clone : num -> posn
{new posn {get this x} {get this y}}}}
{send {new posn 1 2} clone 0}

Yes

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

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
{nmdi st : num -> posn
{new posn 10 10}}}
{new posn3D 5 7 3}

No —override of ndi st changes result type

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 -> 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 ndi st changes result type

31-32



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} {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

33-34



Typechecking Programs with Classes

Is this program well-formed?

{class posn extends object

—
{class posn3D extends posn
.}
{ifo ... {new posn 1 2} {new posn3D 5 7 3}}

Yes —and expression type is posn

35-36



<pr og>
<decl >
<field>
<net h>
<tyexpr>

TICAE Grammar

<decl >* <| CAE>
{class <cid> <field> <neth>"}

<fid> :
{<m d> :

num
<ci d>

<tyexpr>
<tyexpr> -> <tyexpr> <| CAE>}

37



TICAE Datatypes

type tdecl =
TC ass of string * string * tfield list * tneth |ist

and tfield = TField of string * te
and tneth = TMethod of string * te * te * ciae
and te =
Numre
| Obj TE of string
and ty =

Numl
| Obj T of string

38



TICAE Type Checking

| et typecheck = function
(tdecls, expr) ->

let = (List.mp
(fun tdecl ->
let TG ass(_, _, _, nethods) = tdecl

in (List.mp
(fun m-> (typecheckMet hod(m tdecl,
checkOverride(m, tdecl,
nmet hods) )
t decl s)
i n typecheckExpr (expr, tdecls, Nunfl,
Td ass("bad", "bad", [], [1))

t decl s) ;
tdecl s)))

39



TICAE Type

| et typecheckMet hod = function

Checking: Methods

(TMet hod(_, argTE, resultTE, body), tdecl, tdecls) ->

| et bodyT = typecheckExp
in if (isSubType(bodyT,
then ()

el se rai se(NoType( body,

r (body, tdecls, parseType argTE,
(parseType resultTE), tdecls))

"result type msnmatch"))

t decl)

40



TICAE Type Checking: Method Overrides

exception BadOverride of string

| et checkOverride = function
( TMet hod( mane, argTE, resultTE, ), tdecl, tdecls) ->

|l et T ass(_, snanme, _, ) = tdecl
intry let TMethod( , sSArgTE, sResultTE, )

= findMet hodl nTr ee( mane,
fi ndTC ass snane tdecl s,

t decl s)
inif ((sArgTE = argTE) & (sResultTE = resultTE))

then ()
el se rai se(BadOverri de(mane))

with (NoSuch ) -> ()

41



| et

TICAE Type Checker

rec typecheckExpr = function
tdecls, argTy, thisd ass)
| et recur = fun expr ->
t ypecheckExpr (expr, tdecls, argTy,
I n match expr wth
| Num(n) -> Numrl
| 1 Add(Il, r) ->
(match (recur |, recur r) wth
( Numl, Numl) -> Nunil
__->ralse (NoType(expr,
| I'Sub(l, r) ->
(match (recur |, recur r) with
( Numl, Numl) -> Nunil

(expr,

-> rai se (NoType(expr,

->

"not nunbers")))

"not nunbers")))

t hi sCl ass)

42



| et

TICAE Type Checker

rec typecheckExpr = function
(expr, tdecls, argTy, thisd ass) ->
| et recur = fun expr ->
t ypecheckExpr (expr, tdecls, argTy, thisd ass)
I n match expr wth
| 11fZ(tst, thn, els) ->
(match (recur tst) wth
Numl - >
let thnty = recur thn
and elsty = recur els
inif (isSubType(thnty, elsty, tdecls))
then el sty
else if (isSubType(elsty, thnty, tdecls))
then thnty
el se raise (NoType (expr, "branch m snmatch"))
| _ -> raise (NoType(expr, "test is non-nunber")))

43



TICAE Type Checker

| et rec typecheckExpr = function
(expr, tdecls, argTy, thisd ass) ->
| et recur = fun expr ->
t ypecheckExpr (expr, tdecls, argTy, thisd ass)
I n match expr wth
| 1TArg -> argTy
| 1This ->
let T ass(nanme, , , ) = thisdass
I n Cbj T( nane)



| et

TICAE Type Checker

rec typecheckExpr = function
(expr, tdecls, argTy, thisd ass) ->
| et recur = fun expr ->
t ypecheckExpr (expr, tdecls, argTy, thisd ass)
I n match expr wth
| | New( cnane, exprs) ->
| et argTys = List.nmap recur exprs
and fieldTys = getAll Fi el dTypes(cnane, tdecls)
in if (andmap2 (fun t1 t2 -> isSubType(tl, t2, tdecls))
argTys fiel dTys)
t hen Cbj T(cnane)
el se raise (NoType(expr, "field type m snmatch"))

45



| et

TICAE Type Checker

rec typecheckExpr = function
(expr, tdecls, argTy, thisd ass)
| et recur = fun expr ->

->

t ypecheckExpr (expr, tdecls, argTy, thisd ass)

I n match expr wth
| 1Get(expr, fnane) ->
(match (recur expr) wth
(bj T(cnane) ->
let TField(_, fieldTE)

= findFi el dl nTree(fnane,

I n parseType(fiel dTE)
-> rai se (NoType(expr,

fi ndTd ass cnane tdecl s,
t decl s)

"not an object for get")))

46



| et

TICAE Type Checker

rec typecheckExpr = function
(expr, tdecls, argTy, thisd ass) ->
| et recur = fun expr ->
t ypecheckExpr (expr, tdecls, argTy, thisd ass)
I n match expr wth

| | Send(expr, mmane, argExpr) ->

(match (recur expr) wth

(bj T(cnane) ->
t ypecheckSend(cname, mmane, argExpr, tdecls, recur)

| _ ->raise (NoType(expr, "not an object for send")))
| | Super (mane, argExpr) ->

let T ass(_, snane, , ) = thisd ass

I n typecheckSend(snane, mmane, argExpr, tdecls, recur)

47



TICAE Type Checker: Sends

and typecheckSend = function
(cnane, mmane, argkExpr, tdecls, recur) ->
| et TMethod(_, argTE, resultTE, )
= fi ndMet hodl nTr ee( mane,
findTd ass chane tdecls,
t decl s)
in if (isSubType(recur argExpr,
parseType(argTE),
tdecl s))
t hen parseType(resultTE)

el se raise (NoType(argExpr, "arg type m smatch"))

48



TICAE Type Checker: Subtypes

| et rec isSubC ass = function
(aname, bnane, tdecls) ->
| f (aname = bnane)

t hen true

else if (anane = "object")

t hen fal se

else let TA ass(_, snanme, _, )

= findTd ass anane tdecls
I n 1 sSubCl ass(snanme, bnane, tdecls)

| et 1 sSubType = function
(Qoj T(ananme), Obj T(bnane), tdecls) ->
| sSubCl ass(anane, bnanme, tdecls)
| (Numl, Numl, ) -> true
| _ -> fal se



TICAE Type Checker: Tree Helpers

let rec findlnTree = fun
findlnLi st extract (nane, tdecl, tdecls) ->
let Itens = extract tdecl

and TGl ass(_, snane, _, ) = tdecl
in try (findlnList nane itens)
wth exn ->if (snane == "object")

then rai se exn
el se (findlnTree findlnList extract
(nane, findTd ass snane tdecls, tdecls))

let findFieldlnTree = (findlnTree findTField

(fun (Tl ass(_, _, fields, )) ->fields))

| et findMethodlnTree = (findlnTree findTMet hod
(fun (TG ass(_, _, _, methods))

-> et hods))

50



TICAE Type Checker: Other Helpers

| et parseType = function
NUumrge -> Numrl
| Obj TE(s) -> Cbj T(s)

| et rec getAll FieldTypes = function
(cnane, tdecls) ->
i f (cnanme = "object")
then []
else let TAA ass(_, snanme, fields, ) = findTCd ass cnane tdecls
in (List.append
(getAl'l Fi el dTypes (snane, tdecls))
(List.map (fun (TField(_, te)) -> parseType te)
fields))

let rec andmap2 = fun f 11 [2
-> match (11, 12) wth
(a::arest, b::brest) ->
(f a b) & (andmap2 f arest brest)

| ([1. [I) -> true

| _ -> fal se

exception NoType of icae * string
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TICAE Interpreter

| et stripTypes = function
Td ass(nane, snanme, fields, nethods) ->

| C ass(nane, snane,

(List.map (fun (TField(n,te)) -> 1Field(n))
fields),
(List.map (fun (TMethod(n, ate, rte, body)) ->
| Met hod( n, body))
nmet hods) )

let tinterp = function
(tdecls, expr) ->
linterp(List.map stripTypes tdecls, expr)
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