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goboboogoobooogoobooobbobooobooboobooboobbooooooon
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gbogooooobbobbboooobobobobobooobbooboooboboooboog
gopbooutliooooooboogoogn

81 J0U0DOODOOOO

gbogodubdodooobboboooboan 0 dynamic bindingD 00 inheri-
tancell O encapsulation 0 30000000000
googd
gd
gooon
ugbdoooooaon O polymorphismO 0 0000000000 DOOO0O

gooooooo

ggooooboobooobooouooooboooooboooobooooboooboooboobobooboon
goboobooboobobooboooboooobboboboobobobbobobobobbobbOoobo
gubodoououooboobogao

oboooooooboooooboobobuiooboooobobooooobobooooo
ooooooooooooooobguihooPd OO OOOobLOOODODOObODOOUOObOOOD
OO00DOO0DODO0OODO utiRecODOODDOOOODOOODODOODOOOMODDOODOOO
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0000000000000 0DODOO000D0O0O0O00000C0O0ODDOOO type checklO O
O0O00O0O0OO0staticanalyss8 0 000000000000 D0ODOO0O0O0OUIDOOOOOOOOO
googooooboobboooboobo
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8.2 JUULODbOOOODLODOO

HaskellD MLOODOOOOOOOOOOO0OOOOOODOOO (Algebraic Data Typell 0 00 OO
00000000000 000000000000000000000000 (constructord 00O
0000000000000000000000000000000000000000000000

00000000000000000000000000000000000000000000
00000000000 0000000000000000000000000000000000
000000000000 000000000000000000000000000000000
0000000000000 000000000000000000

UilDD 0000000000000 000000000000000000000000000
000000000000 0UEDO00000000000000000000000

83 UUUDUUOOOOUDOOOO

ooOo0outioopPO O OOODOOODOODOOOOUDOODODDOOODDOOODDOOO
uoobogbooooboobboobobboobobobbobooooboaoooobooboon

goooboboooooooobooobobooogooboboboooobooooboboooboooo
ggogooboobooboobooobooooooooooobobooobobooobooD

Decl — Identldent... Ident= Expr
CPat — Ident | ( Identldent... Ident)
ExtPat — CPat | ldent @ CPat
MethodDecl — Ident ExtPat... ExtPat= Expr
GlobalDecl — 1let Decl in GlobalDecl
| letrec Decl in GlobalDecl
| class Decl; ... ; Decl in GlobalDecl
| method MethodDec| ...; MethodDeclin GlobalDecl
| Expr

O0D000O0DO00O0classOO0 0000 OO0 methoddI OO0 letd letrecOO0OOODOODO

uooboboooboobbooooooooooo
gbooooboboobooooboobobooooobobobooboobobobbooon

ugboooubodg _bouodgbbobbooboobboobuoooboobooo
D0000O0dOoOutiooPO 0 ODDODOODDOOODODODOOOOONm

class Point x y = Unit in

class ColorPoint x y ¢ = Point x y in ...
dddddodooobooboooooooooo oo ooooooooooooooooao “=
gdoodoooooooooooooooooooooo oo oDoboooooooooon

000 class ColorPoint x y c extends Point x y in ... 0000000000000 0000O000O0O0O0
vtilooPO O OO O0D0DO0DODODOOODOOOOOOOOOOOOOOOOOODOOOOOOOOoOn
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Point 20000000 000O00O0O0ODOOOColorPointd 30O OOOODOODOODODDOO
oo“="0o0o000oooooobooboooooboooobooooooboobbbooooDbboOoD
oooooobooooboooobbobbooboobobboogbmitdogoobboooogo
OOOobobOdbJdavad Object U OO OO OO I
OooobooooooooooboutiooP O OOODOODODO

method
_setX (Point x y)
_setY (Point x y)
_move (Point x y)
in ...

\ x1 -> Point x1 vy;
\ y1 -> Point x yl;
Point (x+1) (y+1)

D00 Point00000000OO0O _setX,_setY, move OO0 OOO0OOO0OO O moved OO OO
_move p@(Point x y) = let pl = _setX p (x+1) in _setY pl (y+1)
Ooo0o0ooobooooooooobbooonJavel 00000 “e"000000000
000000000000 DO 200 moved0 00 O0OOO00OPoIint000O000OODODOOODOODO
doo0pooooboooooooo
utilooPO D0 0O0OODUOOOO0OOODOOODDOODOOUOOOO0OOO0ODOODoDDOOCOOD
ooo

e DO DOOO0ODODDOODOODLDDODDDODODDODOODOOOOODDOOD
gboobbooobobooboboooobooo
e HODODOOODODOOOOODO

oooo0ooD (oooooo) oooo oo
gboooboobobooboogoobboogogutiooPObObobDobobboDDbDD
gooodg

udbd oooooo oboooob

oboobooboobooonog

gbboobobooboobgoboboboboobooboobooobooooboobooooooboboo

Global OO DO ODOO

type Lhs = (String {-000-}, [String] {-000O0O00O -3);
type Decl = (Lhs {-00-3}, Expr {-00-1});

type CPat = (String {-0000-}, [String] {-00000O0O-3);

data Pat = ConsPat CPat | AsPat String {-@1J O -} CPat {-@I -}
deriving Show;

type MethodLhs = (String {-00 00 O-}, [Pat] {-000000O00O-3);

type MethodDecl = (MethodLhs {-000 -}, Expr {-00-});

data Global = LetG [Decl] Global | LetrecG [Decl] Global
| ClassG [Decl] Global | MethodG [MethodDecl] Global
| ExprG Expr deriving Show;

goooogooonoggoooooogoog:

interpGlobal :: Global -> Env -> M Value; I

ogoooboooonon
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ubooooboboboooooboooooboobobooooooooooooboboooooon
gboooobooogoogutiooPUdoooooboooboboboobobooboobbooDbo

0000000000 ooooooao
type Dict = [((String, String), Value)]; I
O0000000000000oO00oooo 00 method dictionary0 0 000 OO

000000000020
UtiooPO OO0 OMOODOOOOODDOOOOOOOOOOOOOOODOOOOOOOOOOn

ooooooooooonon
type M a = Dict -> a;

unitM :: a -> M a;
unitM a =\ d > a;

bindM :: Ma -> (a -=>Mb) -> M b;
m ‘bindM* k =\ d ->1let {a=md? in k a d;

gboobogooooooobooboooobooboooobobobobbobooboobobboooooobobooo
dobooobooooobgoooboobooboobooboobobobobooobobooobooobo

00o0ogoooooooooooooooooobdooodn interpddoggonoonon

interp (Lambda x m) e unitM (Fun (\ v -> interp m ((x, V) : €)));
interp (App f x) e interp £ e ‘bindM‘ \ v ->
case v of {
Fun g -> interp x e ‘bindM‘ \ y ->
gv;
-> failM "Function expected"

;o

OoOoocO0O0OJaval Schemé HaskellDO OO OO OO O0D0O0O0OD0OOOO0OOO0O0OOOOOO
00000 staticscopg DO ODOODOODO

gbooobogoooood gogooodn udn
gogoooobboobboob@mobo Moo bobooobobbboonbobbobbbo oo
Jooooboooooooob b0 oooboooobbboobobboooooooobooon
gogoooobooooaooa
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gobobooooboboobooboooon
UooooboboobooobD stering0000O0DODODOODODODDOOO0ODOODODODOD
Qo oooogogoooggoogutkioorPr,d O “O"0ODOOO0OO0OOODOODODOODO

data Value = ... | MethodV String | ObjectV String [Value]; I

gbooobooooooooboboooooooboobooooboooboooooboonDoo

0000000000000 000000000000000000000000000000000000000
ooooobooooooocooobooooooo
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goobooboboboooooboooboboooooobuooboobobobobobOoob Appid

000 interp0 000000O0OO0OO
interp (App f x) e = interp f e ‘bindM‘ \ v ->
case v of {
Fun ¢ -> interp x e ‘bindM‘ \ y ->
gv;
MethodV m -> interp x e ‘bindM‘ \ y ->
applyMethod m y y e;
-> failM "Function expected";

}s

OO0 ODapplyMethod D OO O O0OOODOOO0O0OOOOOOOODOOOOOOOOOOOOOGO
interp0 00000000000 0O00O00O0O0O00O00O applyMethodD OO OO OapplyMethod

oo000000oo00Oybbh 2000000000000000000000DOO0O00O0DODODO

applyMethod :: String -> Value -> Value -> Env -> M Value;
applyMethod m self (ObjectV c vs) e dic =
case lookup (m, ¢) dic of {
Just £ -> interp (App (App (Const f) (Const self))
(Const (ObjectV c vs))) e dic

};
applyMethod m self _ e dic =
error ("Method "++m++" is applied to non-object.");

00 Olookup O HaskellD Preludél OO OO0 0000000000000 0OODOOOOOOOO

00000000000 000oooooos
data Maybe a = Just a | Nothing;

[(a, b)] -> Maybe b;
Nothing;
if k==x then Just y else lookup k xys;

lookup :: Eq a => a -
lookup k []
lookup k ((x,y):xys)

In i v

Uoobooboappddd0do0on0 interp0 000000000000

86 UUUODUOUOOOOUDOOO

ogodbodooooooooooooooodooobOoooooooooobooo oo
goooutiocoPOddOOMODOOODOOOODODD"MMOOODODOO"ODLOODDDDOUtIOOPO
0001000000000 o0000utiRec 000000 OOOOOOOOOOO IdO0OOO

type Id a = a;

unitId :: a -> Id a;
unitld a = a;

bindId :: Id a -> (a -> Id b) -> Id b;
m ‘bindId‘ k = k m;

gooooboobooboobooooboobooboobbhiloobobo bbb oboooogpnooOoboo

OSTO Err00 O00O00ODOO
interpGlobal U OO O O O interpClassDecls [ interpMethodDecls O OO OO O OOOONO

gobbooboobobobbobboooboobooo

Slookup 0000 Eq a =>0 al Equaliyd ==00000000000000000000000O000O0O
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interpGlobal :: Global -> Env -> Dict -> Id Value

-- LetG, LetrecGU OO OOOODODO

1nterpG10ba1 (ClassG decls n) e dic =
interpClassDecls decls e dic ‘bindId‘ \ (el, d1) ->
interpGlobal n el dil;

interpGlobal (MethodG decls n) e dic =
interpMethodDecls decls e dic ‘bindId‘ \ (el, dl) ->

. interpGlobal n el dil;

interpGlobal (ExprG exp) e dic = interp exp e dic;

U0 interpClassDecls interpMethodDeclsO0 0O OO0 0OO0O0OD0OO0O0OO0O0O0OO0O0OOOOOO:

interpClassDecl [0 interpMethodDecl OO0 OO OO0 OOOO0OOOOOOOO

interpClassDecls :: [Decl] -> Env -> Dict -> Id (Env, Dict);
interpClassDecls (decl:decls) e® d® =
interpClassDec]l decl e® dO® ‘b1ndId‘ \ (el, d1) >
interpClassDecls decls el di;
interpClassDecls [] e® do = unitId (e®, dO);

interpMethodDecls :: [MethodDecl] -> Env -> Dict -> Id (Env, Dict);
interpMethodDecls (decl:decls) e® dO® =
interpMethodDecl decl e® dO “bindId* \ (el, d1) ->
interpMethodDecls decls el di;
interpMethodDecls [] e® d® = unitId (e®, dO);

interpClassDecl U 0000000000000 0O00O0D0DOOOODOOO0O

interpClassDec]l :: Decl -> Env -> Dict -> Id (Env, Dict);
interpClassDecl ((id, args), rhs) e® do® =
let {
loop [] vs = ObjectV id (reverse vs);
loop (x:xs) vs = Fun (\ v -> unitM (loop xs (v:vs)));
constr = loop args []

} in
unitId ((id, constr) : e®, dO);

interpMethodDecl D 0D OO0 D000 DO0O0O0O000O0000000000000O0

interpMethodDecl :: MethodDecl -> Env -> Dict -> Id (Env, Dict);
interpMethodDecl ((id, [pat]), rhs) e® dO® =
let {
m = Fun (\ self -
unitM (Fun (\ (ObjectV _ args) ->
let {
alist = case pat of {
AsPat x (c, ps) -> (x, self) : zip ps args;
ConsPat (c, ps) -> zip ps args

} in
interp rhs (alist ++ e0))));
c = case pat of {
AsPat _ (c, _) -> c;
ConsPat (c, _) -> ¢

} in
unitId (newMethodId id e®, ((id, c), m):d0®);
newMethodId id e® = case lookup id e® of {

Some (MethodV _) -> e0;
-> (1d MethodV id) : e®

}

ooboooooooobb 0D mbO0 1000 self0000D0OODODODOOODODODODDOOODO
oooooooooobooobOoboOOooobobO000boD MO 200000000000
gobooboooobobooobo odddargsd00000O0D0DO0O0OO alist ++ eQUO OO0 OO
U0rhsO0OOO0O0ODOO0ODOO
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8.7 DUOUOODO

uboobobobooboodouoobboooobooooobooboobooobooobooon
gopoooboboboooobbobobbobobbooooboboo
uticopd 0 O0O0O0O0O00O000O00O00O0DLO000O0O0O0O00O0O0000 __superd 0o

goooooooboioboobobibodidddogoooooodooooooogoboooon

interpClassDecl ((id, args), rhs) e® dO® =
let {
loop [] vs = ObjectV id (reverse vs);
loop (x:xs) vs = Fun (\ v -> unitM (loop xs (v:vs)));
constr = loop args [];
super = Fun (\ self ->
unitM (Fun (\ (ObjectV _ ys) ->
let {
alist = zip args ys
} in
interp rhs (alist++e0))))

} in
unitId ((id, constr) : e®, (("__super", id), super):d®);

000 OapplyMethod D OO OO0 00000 OO0O0ODOO0OOO0DDOOO __suwper0 00000 oon
U0bbhOo0ooboobboebjl0DO000ODOO0O0DOODOOOO0DOO0OO UapplyMethod

ggooodooon

applyMethod m self obj e dic =
let { ObjectV c _ = obj } in
case lookup (m, c) dic of {
Nothing -> let { Some super = lookup ("__super", c) dic } in
interp (App (App (Const super) (Const self)) (Const obj))
e dic ‘bindId‘ \ objl ->
applyMethod m self objl e dic;
Just £ -> interp (App (App (Const f) (Const self)) (Const obj)) e dic

}s

oboooboobb0oil1bo00boooobbboboboobOboebjlbObOOoOOoDOOOn
obobOobobOobOdoselfdbbobobbooboobooobooboobobbooogogb
gooo

000 run0000O0O0O0OOOOCOOOO
initDict :: Dict;
initDict = [];

run :: String -> String;
run prog = showValue (interpGlobal (parse prog) initEnv initDict);

googuikloorP OO bOOooonOO

88 OO

O0O0ooOoooogutiocopPddoonooonoonOn
class Point x y = Unit in

method
_getX (Point x y) = Xx;
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_getY (Point x y)
_setX (Point x y)

y;
\ x1 -> Point x1 y;
_setY (Point x y) \ yl1 -> Point x yl;
_move self@(Point x y) = let pl = _setX self (x+1) in _setY pl (y+1);
_print (Point x y) = "Point (" ++ (toString x) ++ ", " ++ (toString y) ++ ")"
in
class ColorPoint x y ¢ = Point x y in
method

oI

_getC (ColorPoint x y c) = c;

_setC (ColorPoint x y ¢) = \ cl1 -> ColorPoint x y cl;
_setX (ColorPoint x y ¢) = \ x1 -> ColorPoint x1 y c;
_setY (ColorPoint x y ¢) = \ yl -> ColorPoint x yl c;

_print (ColorPoint x y c) =
"ColorPoint (" ++ (toString x) ++ ", " ++ (toString y)
++ ", " ++ (toString c) ++ ")"
in
(_print (umove (Point ® 1))) ++ ", "
++ (_print (_move (ColorPoint 2 3 "red")))

ubboobooooan

oooooopbobobobbbbiOO cmovell ColorPoint U OO UOODOOOODOOOOODOODO
00000 ColorPoint O OO 0000 moveDOOD DO DOOOOOOOO0OODOODODO D _move
000 _setX, _setY[ ColorPoint U 00D D UDOUOOODOOOOOOODOLOOOODODOOOODOOO

0881000000000000D00O0OD applyMethodDODOOOOOOODOOODOOODO 1O
oobooooogooboooob2bbb0b200b000booOoboOobOooOoOobo 200D00O0DOO
ggoobboooobboooboodbooobooogoo

0882000000 DOvuklocoPOODODOOOOOODOOOOOODOODDODOOD UHMOOOOO
gooooooggd

89 UUUOODDODOUDLOODLOUODOOOO

ocoooobgooooooodbogooooooo “oo’obooLoDOoboboboooobDoDo
gbhbooboobobooooooooobooooobooobooobooobbooooooooonog
gooboooboboboobbbobobbooobboobooooboooobbobobonDo
gooboobooogoooooboooboobooobobooooobobooooooODLDbo@ O
gobobooboobobbooboboboooooooooboooobm

gboooobbobboobobbbobobobbbobboooooo

gbooobooooogoobobobooboobooobooobobooooooooboobooon
goooooo

SmalltalkD OO OO0 0000000000 D0OD00O0O0ODOD 200 60000000000

JavaScripd OO0 O0O00OODOO O prototype ] D DO O0OO0ODOO0OODOOO
000000000 OoOoooDoo00oCoooO00DoOoO00DO0g selftb0ooooOong
JavaScripD D0 00D 00O0O0O0OOODO [B)00 600000000
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0000000000000 00000DOoDoOO
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