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{class posn extends object
X : num y : num
{mdi st : num -> num
{+ {get this x} {get this y}}}
{addDi st : posn -> num
{+ {send this ndist 0} {send arg ndist 0}}}}
{cl ass posn3D extends posn
Z : num
{mdi st : num -> num
{+ {get this z} {super ndist arg}}}}
{send {new posn3D 7 5 3} ndist 0}

{cl ass posn extends object

Xy

{mdist {+ {get this x} {get this y}}}

{addDi st {+ {send this ndist 0} {send arg ndist 0}}}}
{cl ass posn3D extends posn

z

{mdi st {+ {get this z} {super ndist arg}}}}
{send {new posn3D 7 5 3} ndist 0}

{cl ass posn

Xy

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

{addDi st {+ {dsend this ndist 0} {dsend arg ndist 0}}}}
{class posn3D

XYy z

{mdi st {+ {get this z} {ssend this posn ndist arg}}}

{addDi st {+ {dsend this ndist 0} {dsend arg ndist 0}}}}
{dsend {new posn3D 7 5 3} ndist 0}



Run-Time Dispatch by Name

- N
0= posn poSn
5 X
\7 / y :
MOl St (+ {get this x} {get this y}}
addDi st {+ {dsend this ndist 0} {dsend arg mdist 0}}

(dsend o ndi st 0)

dsend follows reference to class table, searches method list
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Run-Time Dispatch by Name

4 I
0= posn poSn
5 X
\\-7 J )/ :
MOl St (+ {get this x} {get this y}}
addDi st {+ {dsend this ndist 0} {dsend arg mdist 0}}

(dsend o ndi st 0)

{cl ass posn extends object

(i st = hum-> num | - typechecking ensures
T R S search will succeed

{+ {send this ndist 0} {send arg mdist 0}}}}

If we order methods in expansion, method will always be first in list
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Run-Time Dispatch by Position

4 N
posn

-

5
-

»

posn

{+ {get this 0} {get this 1}}
{+ {dsend this 0 0} {dsend arg 0 0}}

(dsend o 0 0)



Run-Time Dispatch by Position

" posn3d |
1
2

\3 J

-

posn3D

{+ {get this 2} {ssend ...}}
{+ {dsend this 0 0} {dsend arg 0 0}}

(dsend o 0 0O)




Run-Time Dispatch by Position

-

posn4D Tposn4D

0

0
0
1

{+ {get this 3} {ssend ...}}

{+ {dsend this 0 0} {dsend arg 0 0}}
{get this 3}

{new posn {get this 0} {get this 1}}

/

(dsend o 0 0)



TICAE

no change

\ 4
CICAE

name class in
each method call

\ g

CCAE

methods and fields
as positions

Compiling Classes

{cl ass posn extends object
X : num y : num
{mdi st : num -> num
{+ {get this x} {get this y}}}
{addDi st : posn -> num
{+ {send this ndist 0} {send arg ndist 0}}}}
{cl ass posn3D extends posn
Z : num
{mdi st : num -> num
{+ {get this z} {super ndist arg}}}}
{send {new posn3D 7 5 3} ndist 0}

{cl ass posn extends object

Xy

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

{addDi st {+ {send this posn ndist 0} {send arg posn ndist 0}}}}
{cl ass posn3D extends posn

z

{mdi st {+ {get posn3d this z} {super ndist arg}}}}
{send {new posn3D 7 5 3} posn3d ndi st 0}

{cl ass posn 2
{mdi st {+ {get this 0} {get this 1}}}
{addDi st {+ {dsend this 0 0} {dsend arg O 0}}}}
{cl ass posn3D 3
{mdi st {+ {get this z} {ssend this {+ {get this 0} {get this 1}}
arg}}}
{addDi st {+ {dsend this 0 0} {dsend arg O 0}}}}
{dsend {new posn3D 7 5 3} 0 0}



CCAE Revised Datatypes

type cae =
| Get of
| DSend
| SSend

and cdecl

cae * Int
of cae * int * cae
of cae * cae * cae

= Class of string * int

* cae |1 st
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CCAE Revised Interpreter

rec interp . (cae * cdecl list * caeValue * caeVal ue

-> caeVal ue )

= function (expr, cdecls, this, arg) ->

let recur = fun e -> interp(e, cdecls, this, arqg)
In match expr wth

Get (expr, n) ->
(match recur expr wth
oj V(_, vals) ->
List.nth vals n
| _ ->raise (Failed "not an object for get"))
DSend( expr, n, argkExpr) ->
(match recur expr wth
(wjV(dass(_, , nethods), ) as this) ->
| et body = List.nth nethods n
In interp(body, cdecls, this, recur argExpr)
| _ ->raise (Failed "not an object for send"))
SSend( expr, body, argkExpr) ->
let this = recur expr
in interp(body, cdecls, this, recur argExpr)
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CICAE Revised Datatypes

type icae =

| 1Get of icae * string * string

| Send of

|l cae * string * string * icae
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| et

CICAE Revised Compiler

rec conpil eExpr = function

(expr, thisC ass, idecls) ->
| et recur = fun expr -> conpil eExpr(expr, thisC ass, idecls)
i n match expr with

| 1Get(expr, cnane, fnane) ->
let 1Class(_, snane, fields, ) = findlCass cnane idecls
in Get(recur expr, ((locatelField fnane fiel ds)
+ cl assFi el dCount (snanme, idecls)))
| 1Send(expr, cnanme, mane, argkxpr) ->
let 1Cass(_, , _, nethods) = findldass cnane idecls
i n DSend(recur expr,
| ocat el Met hod mMane net hods,
recur argExpr)
| | Super(mane, expr) ->

let 1Cass(_, sname, , ) = thisd ass
in et super = findldass snane idecls
inlet IOass(_, _, _, nethods) = super

in let | Method(_, body) = findl Method mmane net hods
i n SSend( This, conpil eExpr(body, super, idecls), recur expr)
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CICAE Helpers

|l et rec |locate = fun what naneO nane vals ->
match vals with
[] -> raise (NoSuch (what, nane))
| a::rest ->
| f (nanme = naneO (a))
then O
else 1 + (locate what naneO nanme rest)

|l et |ocatelField = (locate "field"
(fun (I Field(nane)) -> nanme))
| et | ocatel Method = (| ocate "nethod"
(fun (I Method(nane, )) -> nane))

| et rec classFi el dCount = function
(cnane, idecls) ->
| f (cname = "object")
t hen O
else let 1Cass(_, snane, fields, )
= findl C ass cnanme idecls

In (List.length fields) + classFi el dCount (snane, idecls)
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CICAE Revised Compiler: Methods

rec conpil eMet hods = function
(sdecl, idecls) ->
| et |1 ass(nane, super Nane,
I n Cl ass(nane,
List.length fields,
Li st. map

(fun (I Method( nane,

fields,

conpi | eExpr (expr,
sdecl ,
| decl s))

nmet hods)

net hods)

expr)) ->

sdecl
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CICAE Revised Compiler: Flattening

let rec fl attenC assNanes

(C ass(nane, fi
l et |1 C ass(_,

in let (dass(_,

(cdecl * idecl

-> cdecl * st
el ds, nethods), idecls,

super Name,

super Fi el ds,

| met hods)

= if (superNane = "object")
then (Cd ass("object"”,
el se flattend assNanes(fi ndC ass super Nane cdecl s,
| decl s, cdecl s)

in let (nmethods, nanes)
= addRepl aceMet hods( super Met hods,
super MNanes,
nmet hods,
(List. map

in (dass(nane,
superFields + fields,
nmet hods) ,

names)

let flattenC ass =
let (c, nanmes) =
in C

function x ->

0, [1)., [1)

(fun (I Met
| met hods) )

fl attenCl assNanes x

list * cdecl 1ist

ring list) = function
cdecls) ->

= findl C ass nane idecls

super Met hods), super MNanmes)

hod(name, _)) -> nane)

16



| et

and

CICAE Revised Compiler: Flattening - Methods

rec addRepl aceMethods : (cae list * string |ist
* cae list * string |ist
-> cae |list * string list) = function
(met hods, nanes, [], []) -> (nmethods, nanes)
(et hods, nanes, neth::nrest, nane::nrest) ->
| et (nmethods, nanes) = addRepl aceMet hod( net hods, nanes, neth,
I n addRepl aceMet hods( net hods,
names,
nr est
nrest)

_->raise (Failed "shouldn't happen")

addRepl aceMethod : (cae list * string |ist
* cae * string
-> cae |list * string list) = function
([1, [], bmeth, bname) -> ([bnmeth], [bnane])
(anmet h: : arest, anane::arestnanes, bneth, bnane)
-> if (ananme = bnane)
then (bneth::arest, bnane::arestnanes)
el se let (neths, nanes)
= addRepl aceMet hod (arest, arestnanes, bneth, bnane)
i n (anmet h::nmeths, anane::nanes)
_->raise (Failed "shouldn't happen")

nane)
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TICAE Revised 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, getCNane, fnane) ->
(match (recur expr) wth
Cbj T(cnanme) ->
I f not (i1sSubd ass(cnanme, get CNane, tdecls))
then raise (NoType(expr, "field class m smatch"))
el se ...

| 1 Send(expr, sendCNanme, mmane, argExpr) ->
(match (recur expr) wth
(bj T(cnane) ->
| f not (i1sSubd ass(cnane, sendCNane, tdecls))
then raise (NoType(expr, "nethod class msnmatch"))

el se ...
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