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511 0000

utilO 00000000000 0000000 HaskellOOOOOOOOODO
0000 RecTypehy

type Decl = (String, Expr)

data Expr = Const Target -- 000 Target O 0O O
| Var String -- 0o
| If Expr Expr Expr -- if [0
| While Expr Expr -- while [J
| Begin [Expr] --0ooao
| Let [Decl] Expr --let00 00000
| Val Decl Expr --vallOOOOO0O
| Lambda String Expr --Qgooao
| Delay Expr -- delay 000 00
| App Expr Expr --0OoOooo
deriving Show

00000 (Expr) 00000 (Const) 00D D000 (Var)OOO O if 0 (IH)D
let 0 (Let)J0 00O (Lambda)J0 OO0 (App) D0 0DC0OD M OOOOCOO
000000000000000000Mm
UilDDOO000O0000000000 BNFOOOOODOOOOOOOOmO
0000000000000 0000000000 M

if Expr then Expr else Expr | while Expr do Expr

begin Exprs end

let Decls in Expr | val Decl in Expr

\ Var —> Expr | Expr Expr

Expr+Expr | Expr~Expr | ---000000000Od---
Exprs — Expr | Expr ; Exprs

Expr — Const | Var | ( Expr)
|
|
|
|
|

Decl — Var= Expr
Decls — Decl | Decl ; Decls

0ooobooboonoobDOodn Const U0 VarUODODODOO Haskell O OO
googooob goooooobooooboboobboobbobobonbon
U0000bb0O000000O0OwhileddoUO beginUendOOOOODOOO
HaskelOOOOOOOOOODOODOODOOOODO

512 0000O0O0O0O0OOOO
00000o000oO0ooooooooobooooaoag
myParse :: String -> Expr -- OD0O0QOQOQOO0OOOOO0O

e “val x=2x2 in val y=xxx in yxy’00000000O00O0O0 Expr
000oooooooooooooboooood


Programs/UtilCompiler/RecType.hs

Val ("x", (App (App times (Const (TLit (Int 2))))
(Const (TLit (Int 2)))))
(val ("y", (App (App times (Var "x")) (Var "x")))
(App (App times (Var "y")) (Var "y")))

00 0Otimes xO00000 Expr 000000
e\ f >\ x —> f x’000000O

Lambda "f" (Lambda "x" (App (Var "f") (Var "x")))

gbooboogooooooooon

e &&, | |OOOODODO O
bl && b2 +— if bl then b2 else False

bl || b2 +— if bl then True else b2
goodoooooooooooooooooooooooon

0Ss11000ess0 1O000000O0OOODOOOODOODOODOODO?

513 DO0oooon

U0obooobobooob0obbbO0 HaskelOODOODODOOODDOD
U0 Target DO O OO DOOOO

0000 [argeths

1 type TDecl = (String, Target)

2 data Target = TLit Literal -- 00O

3 | TVar String --gag

4 | TIf Target Target Target -- if0l

5 | TLet [TDecl] Target -- letO0O0O0O0OOOGOOO
6 | TLambdal String Target -- 0ooo

7 | TAppl Target Target --gooo

8 | TReturn Target -- return OO0

9 | TBind Target Target -- (>>=) 000

10 deriving (Show,Eq)

11 data Literal = Str String | Int Integer | Frac Rational
12 | Char Char deriving (Show,Eq)

uiloodoDoooodooooooooooooooooag
comp :: Expr -> Target --gooooo
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Expr —  Expr+ Term | Term
Term —  Term * Factor | Factor

Factor —  Const | ( Expr)

000000000000000000000000000000000000
000o000O0O0o0ooog D00 5140 concrete syntax 00 0 O O
00000000000 000000000000000000000000
000000000000000000000000000000000000
0000000000000 0000000000D0000000000000
googoooo 000 515 abstract syntax 00 0 0O

0000 “00”000000000000000000000000O0O00 Expr,
Target D00 00000000 DO00O0O0DOODOOOOOOODOOO

515 O0000oooobd

comp O 0O0O0OD0O0OO0O0DODOOOODLOOOOOODOOODOODOODLOOOO
uag

0000 RecComprerty

comp :: Expr -> Target
comp (Const c)

comp (Var x)

comp (Val (x, m) n)

TReturn c
TReturn (TVar x)
comp m ‘TBind‘ TLambdal x

(comp n)
comp (Let decls n) = TLet (map (\ (x, m) ->
let TReturn c = comp m
in (PVar x, c)) decls)
(comp n)
comp (App f x) = comp f ‘TBind‘ TLambdal "_f"

(comp x ‘TBind‘ TLambdal "_x"
(TAppl (TVar "_£") (TVar "_x")))
TReturn (TLambdal x (comp m))
TReturn (comp m)

comp (Lambda x m)
comp (Delay m)

comp (If el e2 e3) = comp el ‘TBind‘ TLambdal "_b"
(TIf (TVar "_b") (comp e2) (comp e3))
comp (While el e2) = TLet [(PVar "_while", body)]

(TVar "_while")
where body = comp el ‘TBind‘ TLambdal "_b"
(TIf (Tvar "_b")
(comp e2 ‘TBind‘ TLambdal (TVar "_while"))
(TReturn (TVar "(O")))
comp (Begin [e]) = comp e
comp (Begin (e:es)) = comp e ‘TBind‘ TLambdal (TVar "_")
(comp (Begin es))

Ooboooooog _f, x,_b,_whileOOOOOOOOUIODOODDOOOOO
goooobooboooobooobooooooooo


Programs/UtilCompiler/RecCompiler.hs

compUOOOOOOOOOOO0OO0O0OOODOOOOOO0O0OOO0000
OO0 UtlD Haskell DO OO OO0 OOO0O0ODOOOO0O0MODOODOOOOOO0O
oooooobod

ooooboo0o o0oboOobD licO0ODOOODOODODO meO0OOO0OO
utilooooooooobod m,pa0 000 DO0O0ODOODOOOOODDOOODO
compUUDOODO0OO HaskelUOODDODOOODOOdelayOOO0oOoooooonQ
oooDOooOoOoOoOoo utiobooooobooobOooooOooboOoon

O0ooo utild 000000 HaskellO

cO0OO0 cOOOO return c
xO0000 xOO0O0O return x

val x = m in n m >= \ X > n
let £ =\ x->m |let £f=\x->m
g=\y —>n x=\y —>n

in n in n

fa f >>=\ _g >
a >>=\ _x ->
g _X
\ x > m return (\ x -> m)
delay m return m
if ¢ then r else ¢ | ¢ >= \ _b -> if _b then ¢ else ¢
while ¢ do ¢ let _while = ¢ >>=\ _b >
if _b then 7 >>= \ _ ->
_while
else return ()
in _while

begin

s; §>>=\ _ >

t; P >>=\ _ >

u u
end

0000000000000 “oo0”0o0o0oooboo0n return 0O
O0ooooood ¢Ccr>=Ho0u00onouuooooonoooooon

oooutooooooo+, - -000000000000000 return (\
x —>...)000d0d0oodoooooooooooooooooooooon
OO0 Haskel OOOOOOO0OOOOOOOOOO

return (\ x -> return (\ y -> return (x+y)))

return (\ x -> return (\ y -> return (x-y)))
return (\ x -> return (\ y -> return (x*y)))

OO0 Haskell DO DO ODOUODOODOODDOOOO0O0ODOUOcompOOOOOoOOO
gboogooodabon

Oooo utilo ‘ 000D D0OD HaskellO

U UIIOO O OIODDODO D‘ return (\ x -> return (\ y -> return (x ® y)))
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00 compD 0000000 DDUODODODOO2000

fact = \ n —> if n==0 then 1 else nxfact (n—1)

UO00D00 Haskel OO OO DOOOOODODOO

fact =\ n >
((return (\ x -> return (\ y -> return (x == y))) >>=
\ _f > return n >>=\ _x > _f _x)
>=\ _f -> return 0 >= \ _x > _f _Xx)
>>=
\ _b >
if _b then return 1 else
(return (\ x -> return (\ y -> return (x * y))) >>=
\ _f -> return n >>=\ _x -> _f _x)
>>=
\ _f >
(return fact >>=
\ _f >
((return (\ x -> return (\ y -> return (x - y)))
>>= \ _f -> return n
>>=\ _x -> _f _x)
>>= \ _f -> return 1
>=\ _x > _f _x)
>=\ _x -> _f _x)
>=\ _x > _f _x

Oobb0ooboooobbbobobuoobDobodd monadlawO O DO OO 0@
U00000000 return CGo=)0 000000000 HaskelOOO OO
gog

fact =\ n -> if n == 0 then return 1 else
fact (n - 1) >>=\ _x >
return (n * _x)

52 0O00O0OO0OOOO -utin

ogoooooob uuinoooooooooUooboobobboooooDoDo
oooooooobguinobooooboobooooooo
0000 [dhd

newtype I a =1 a

instance Monad I where
return a = I a
(Im>=k=km

o000 UobsS2liinOHaskel 000 0000000000000
O0data0 0000000000000 0CO0OOOO0OOOOOOOOOOOO0O

000000 f2ct 0000000000000 O0D0O00DODODOOOO000000000
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U000data0000O0000O0OOnewtype OO OOODOOOOD0OOODOO
gboooooobboobooobooboboobooboobonbooDgn typel
goobogbooboooooboobooooooboooooomoboooboon
gbobobbbdwypeddonoooooooooooooooobog O
googoboooobooobobobdbord D OODODODOODODOD
U0 newtype OO ODOOO0OOO0OOOOODDODOOOODODOOODOODOD
uggo

U000 newtype 000D OD0D0DD0O0OO0O0O0DOD I00000O0O0O0DODODO
gboboooobboobobooboobooobooo

gooon

fact = \ n —> if n==0 then 1 else nx*fact (n—1)

oo0ouinooooooo0oDbO00000O000unI (fact YO0 DOO0OO
U0O0O00 Haskell DO O DOODODOOOOODOD 36288000 000000
UddduwmIbDOO0OO0O0O0O0ODOOODODODOOOO

OO0 00 [dhs
unl :: T a -> a

unl (I a) = a

53 UtIST-0OOOOO

utiioooooooobobooboboooboobobochodg lavalbbooo O
gbbooobogoobooboboooboobooooooboooooboboon
oooboooobooboooobooooopo20b000b0O0 “0gbr»xpd ypOODO
goobooboboo200b00ggoooboooboooboobbobooDbOon
Ub0bOoo0obobb set0D000DO0Dget000000O0DOOOOOODOO

goono

begin set xP 1; set xP (get xP+3); get xP end

DoOouSTOODODDOOoOOoOOooDoooPEessooooooooon
00000000000000 “000070000000000000 00

sT000000

0000 STh

newtype ST s a = ST (s -> (a,s))

unST :: ST s a -> s -> (a,s)
unST (ST s) = s

instance Monad (ST s) where
return a = ST ( )
(STm) >=k = ST (\ s® -> let { (a,sl) =m sO }
in unST (k a) sl)
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10
11
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AN AW

-- ST, unSTOODOOOOODODOOOOO
--m>=k =\ s0 -> let { (a,sl) =m s0® } in k a sl

return a0 000 sO000000000a00000000000000000

O0m>=kO00OmO0O0O0O0O0000s10000000k0D000000000
0ooO0o0oO000o00000

0000 MyState.h§

type Pos s a =s -> (a, a -> s)

xP :: Pos (x,y) x
xP =\ x,y) > (x, \ x1 -> (x1,y))

yP :: Pos (X,y) ¥y
yP =\ x,y) > (y, \ y1 > (x,y1))

xPOyPOOOOOO 1002000000000 000000000O0O00OA0O
go00o0oooooooooooooooooooobooooooooooon
OO0 MyStateD OO OO OOO0ODOOO0O0DOO0OO0OO0OO
0000 MyStaehy

class MyState m where

get :: Pos sa->ms a
set :: Pos sa->a->ms Q)

STUDODO MyStateOUO OO OO ooooooOooboooo
0000 8IhY

instance MyState ST where
get p =ST (\ s -> (fst (p s), s))
set pv=ST N s -> (0O, snd (p s) v))

-- OO0 get xP = ST (\ (x,y) —> (x,(x,y)))
-- 000 set xP x1 = ST (\ (x,y) -> (O, x1,y)))

setJU00O00O0O0O0DOO0 getOOUOO0O0O0OO00OO0OOOODOO
UtIISTO set, get, ... 000000 OHaskellO set, get, ... O0O0O0O
gobobboooobooobod

OO0O0utiD | 000000 HaskellO

set p m p>=\ _p —>
m >>=\ _X ->
set _p _x

get p p>=\_p >
get _p

utiISTO Do ooooooooo cobobbooo:


Programs/UtilCompiler/MyState.hs
Programs/UtilCompiler/MyState.hs
Programs/UtilCompiler/ST.hs
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fact = \ n —> begin 1 int fact(int y) {

set xP 1; set yP n; 2 int x = 1;

while get yP > 0 do begin 3 while (y > 0) {
set xP (get xP % get yP); 4 X=X *y;
set yP (get yP — 1) 5 y=y-1;

end; 6 }

get xP 7 return x;

end 3 3

O00D00OD0O0000000 HaskelDOOO OO OOODOUODODOODOO
ggbooobboobobobooo

fact n = set xP 1 >>= \ _ ->
set yYP n >>= \ _ >
(let _while = get yP >>= \y ->
if y > 0 then

get xP >>=\ X >
get yP >=\y ->
set xP (x*y) >=\ _ ->
get yP >=\y ->
set yP (y-1) >>=\ _ >
_while
else return ()
in _while) >>=\ _ ->

get xP

fact 9000000 £st (unST (fact 9) (0,0))00000O0O 3628800 [
oo
goboobobooooooobooooobboooobooobboooooo
ubooooobooboobobbobboooobooboooobooooboo
oo stToooooboboooobobooboobbbobbobobbon
o000 stTooboodb0dMaybeODODOOO0OOODOOODOOODOOODO
ugbooooooboogo
00 00 ESThY

SO0 IO UN B W=

—_—

newtype EST s a = EST (s -> Maybe (a,s))

unEST :: EST s a -> s -> Maybe (a,s)
unEST (EST m) = m

instance Monad (EST s) where
return a = EST (\ s -> return (a,s))
(EST m) >>= k = EST (\ s® -> case m sO® of
Just (a,sl) -> unEST (k a) sl
Nothing -> Nothing)



Programs/UtilCompiler/EST.hs
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053100 CO0O000000O0O HaskellOOODOOODOODOODOOOO
1.

int foo(int n) {
inti=1, j=
while (i < n) {
i=1+j;
j=1-7;
}
return i;

}

1;

int bar(int n) {
int i = 0;
while (n > 1) {
i=1+1;
n=n/2;
}
return i;

}

54 Utilo-000O00OO

OO000DO0O0O0bOoOoOoooOooOobooOoboOoDOOs30g utisToDO
googoobobobooboo

gooobobogoboo s3jgboooooboooobooooooboooobogo
o000 stringO0000DOD0ODOOOO

0000 MySireanhy

type WithIO s = (s,String,String)

0000 My[OHg

newtype MyIO s a = MyIO (WithIO s -> (a, WithIO s))

unMyIO :: MyIO s a -> WithIO s -> (a, WithIO s)
unMyIO (MyIO m) = m

gobobooboootooooboocoooooon
0000 My[Omg

instance MyState MyIO
get p = MyIO (\ (s,i,0) -> (fst (p s),(s,i,0)))
set p v = MyIO (\ (s,i,0) -=> (Q,(snd (p s) v,i,0)))

uobodoobooooboooooooooooboboooodnond MyStream
gooobooboooboooobo

0000 MyStream.hy


Programs/UtilCompiler/MyStream.hs
Programs/UtilCompiler/MyIO.hs
Programs/UtilCompiler/MyIO.hs
Programs/UtilCompiler/MyStream.hs

NN N AW = —_ A W=

— OOV WDN BN~

—_——

class MyStream m where

readChar :: m Char
eof :: m Bool
writeStr :: String ->m
0000 MyIOHg
instance MyStream (MyIO s) where
readChar = MyIO0 (\ (s,c:cs,o0) -> (c,(s,cs,0)))
eof = MyI0 (\ (s,i,o0) -> (null i,(s,i,0)))

writeStr v

MyIO (\ (s,i,0) -> (O,(s,i,0++v)))

readChar 000000000 1000000 OwriteStr str000000OO0
Oo0 str0 00D O0D0D3write 00000000000 000O0OOO

0000 MyStream.hy

write :: (Show v, MyStream m) => v -> m ()
write v = writeStr (show v)

oopDOobooutnooooobDd o0 Oy/000000000000DOODO O

foo = \ n —> begin
set xP n;
while get xP > 0 do begin
write (get xP % 10);
set xP (get xP // 10)
end

end

gbooggbobogooodan

foo n = set XP n >>= \ _ ->
let _while
= get xP >>=\ _x ->
if _x > 0 then

get xP >>=\ _x ->
write (_x ‘mod‘ 10) >>=\ _ ->
get xP >=\ _x >
set xP (_x ‘div‘ 10) >>= \ _ ->
_while
else return ()
in _while
ooooooao
let (_,(_,_,0)) = unMyIO (foo 12345) ((0,0),"",""™) in o

oooooobobboooonoTs4321"dggd

0541 0D0 CUDOOO0UOOOOO0O HaskelDODODOOOODOODOOOOD

++000000000000000000000000000000D0O000000O00OA0
goooob+Qoooooboooobooobooooobooooobooooboooooooooaoon
goboooooooooboobooooboodoobooooooooo++0oooooooogoa
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int baz(int n) {

int i, j;

for (i = 0; i < n; i++) {
for (j = 0; j <=1; j++) {

printf("*");

3
printf("\n");

3

return i;

}

int qux(int n) {
int i, j;
for (A = 0; 1 < n; i++) {
printf("*");
if A %3 ==20) {
printf("!");

3
printf("\n");
3

return i;

}

55 UtilEr-000O0o0ogog

DD U000 000000000VUtEr0 000000 (7)) 000000
O0000000000000000000000000000000o0O0O0n
UtIEr0 O Haskell 00 00 000000000000 D0000O0O0D0OODOO
0 D00 S5 eagerevaluation 00 0000 0000000000000

000000000000 D00000D000000000O0000O0o0ononog
00000000 MaybeO OO OO0

-- PreludeO 0 OO0
data Maybe a = | deriving (Show,Eq)

U0D00000Jst0 00000000000 0O0000 NothingODOOODO
ooooopoobobooooooboobobobooooobobooooooo

-- Preluded 0 O0OO
instance Monad Maybe where
return a = Just a
(Just a) >>=k =
Nothing >>= k =

O00000Om>=kO0000mO00OO0O0 0000000000000 O0OOOO
0kO00000000000000000wmO0000000000kO000O00
00 nooss2iinpoooooooooon
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O000OMonadPlus 00 0000000000000 OOOOOOOOOO
mzero [J Oooss3sigppoooooooooooon

-- 00000 Control.Monad 0D O0OO0O
class Monad m => MonadPlus m where
mzero :: m a
mplus :: ma ->ma ->m a

-- 00000 Control.Monad O O0O0OO
instance MonadPlus Maybe where

mzero = Nothing
--mplus OOOOOO

‘O0boobobrbobbooooboobbbbOobooboboooonn
0000000 /0bb0b0000 HaskellODODODOODDODOODODOO

\ X -> return (\ y -> if y==0 then mzero
else return (x/y))

goboobOoOooboOobOooboobbobobobobo
goo

(\ x —> 0) (1/0)

000000 OHaskellOO 16000000 Oooss4ppnoon
O000000VIErD0 000000 HaskelD OO O OO OOOOO

(if 0 == 0 then mzero
else return (1/0)) >>= \ _x ->
return 0

000000 0000oooooooood ooosssiopgpgoooooon

5.6 Joooogn

O0D0000 MaybeO DO OO O OJavall tryl catchODO OO OOOO00OOO
goooobobooobooon
utiO BNFOODODOODOOOOoDoDooo

Expr — ... | try Exprcatch Expr

“try m catch /Um0 000000000000 ODOODOOODOOOO try
uooobobobooooob mODOOO0OOO0ODOOO0DOOOOO0DOROOOOOO
UtilO “try m catch A”0 “m’ ‘mplus‘ A’”00000000O0O0OCOCO
gooooooo

O00Ofail 000 UIDOOO OHaskell mzeroO OO OO0OOODOOO
oobooooobooboboobobdlavald throwOODOOOOO
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SOOI NN~

—

oooo utiD 000 000 HaskellO

try m catch n | i ‘mplus‘ n

fail () mzero

MaybeO OUOUOmplusO O 1000000 O ooo seld
g20000000000000

instance MonadPlus Maybe where
-- mzero OO OO
Just a ‘mplus‘ _ = Just a

Nothing ‘mplus‘ m = m

goo

try 1/0 catch 99999

OOQOUlIErDOCOCOCDOCOOOOCOOO0ODOOOOODO HaskelOOOODOOO

(if 0 == 0 then mzero else return (1/0))
‘mplus‘ (return 99999)

U0o0o0DbO0000 Just 99999.00000

5.7 UtilNonDet-0U 0O 0O OOOO

000000000 UiD0D00000000000000 nondeterminism0
0ooooooooo Do0s7 1 ggooooooooon
0000000000000000000000000000000000000
0000000000000 000MO0000000000000000000
000000000000000000000000000000000000
00000000000000000 0oos720pgpoooon

00000 “007’00000000000000000

-- Prelude 0 OO 0OO

instance Monad [] where

return a = [a]

[] >>=k = []
(x:x8) >=k = k x ++ (xs >>= k)

-- 00000 Control.Monad O O0OO0O
instance MonadPlus [] where

mzero []

mplus (++)

0000 o0ooooooooooboDobOOooooooboooa

000000000 return C>=)0000000O00O0OOOOOOOOOO
O unit :: a -> [al0 bind :: [a] -> (a -> [b]) -> [b]OOOOOO
oooooo
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W

[um—
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W N

N =

gboobooooboboboobon
UtiiNonDetO OO OO UtIErOD DO UOO0DOO0OOO0OOODOODOOOOO

Expr — ... | try Expr catch Expr

UtilNonDetd try m catch hO OmO 000 OO0 “O0000O000O0000
goooogogoodg
UtiiNonDetO OO O O

test0 = (kry 1 catch 2) * (try 3 catch 4)

000000000000 HaskelDOOODODDOODOOOO

test® = (return 1 ‘mplus‘ return 2) >>= \ x ->
(return 3 ‘mplus‘ return 4) >>= \y ->
return (x*y)

U0 0Otest®O [ x*y | x <- [1,2], vy <- [3,4]]100000000000OO
U000D00O0Otest00 O [3,4,6,8]0000
OO0 OO0 UtiNonDetO OO OO

testl = (try 1 catch 2) / (try O catch 4)

Oo0o00o0OO00000D HaskelDOOODODOOOODO

testl = (return 1 ‘mplus‘ return 2) >>= \ x ->
(return 0 ‘mplus‘ return 4) >>= \y ->
if y == 0 then mzero else return (x/y)

test1 0J[0.25,0.5]0000000000000000O00O0O0OOOOODOODO
OooooooobooogoobOoo vieErDO0DOODODODOUIErODODO
oooobooooobOooobobooboboboboO0n (NothinggO OO OO

0000 headOOOODOODODOODOODOODDOOOOOODDOOO
ggooobobobobobodgd

-- Prelude OO O0OO
head :: [a] > a
head (x:_) = x

head test1 000 0.250 0000000 OHaskell O ooos73tgg
0000000000000 0000000000000000000000
0000000000000 000000000000O00o0oOoo0n

0571 00000000000DO0OO0DODOOO0OOODDOD

newtype STL s a STL (s -> ([al,s))
newtype LST s a = LST (s -> [(a,s)])

g2000bb0b00ooboooboboobobob0oobboboboobboOong
gbobooooboo20000000000
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Parsec (110 000 00000DOO0DOO0OO0O0O0OOOOODOOOO[EB]IO00O0
goooboooooobobobooooooboooboorIbobboobooboogo
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