030 000

O00OOmonadl DOHaskelD OO OOOOOOOOODOOOOODOOOOOOOOOOODODOOO
O0000000oooooOoooOoU0O0 000 Osidedfecl 0000000 O00OO0OOOODO
goooooo
Oo00o00ooooOo0o0O0ooooOo000oooOOo0O0ooooObOO0000oOnDbOdHaskellD
goboobooobboobooobboobuoobboobobooboobbon

31 J0OOoooood

godoboooooboobooobooboobooobombooooobooooooon
goooooooooodooooooooooodoooosooogooogc0
Oreferential transparency0 0 O 0000000 “O00" 0000000000000 0OOODOOOO
00Moooooooooboooooooo o000 o0 cooooooobooooao
D00000000“00"0000000HaskelO OO OOOOOOOODOOO

coMLODOOODODDOODODOOOOOOOODODODOOOOOOoOoOoDOOoOooooOooooDoon

oocod

c = getchar(); putchar(c); putchar(c);

putchar(getchar()); putchar(getchar());

gboooboooooboobon
O000C0OOO00000ooooooOOCOCOOO00000o0OoOoOooDOOOnOHHaskellO O
gbooobaobod

oooooooooobooobooobooboboouobbooobboo*obooo’ooboOoo
goooobooogooobouoogoobo “boboorooboobobboobLDUoboon
ubobobobobobobobobooboobooboooooooboobooboono
ooooog

000 0O HaskellD getchar,putchar 00000000000 OOOOODOOOOOOOOOO

getChar :: I0 Char
putChar :: Char -> I0 O
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o0 o000obdbooobo0obUobUobooobUobuoboOoocUUl putchar(getchar Q) OO
0000000 putChar getchar D000 HaskellOO OO OOOOOOOOOOOOIOOOODO
gboboobood>s>=00bbooobgubooobbooboaon

getChar >>= (\ c -> putChar c)

gbodO>»>=0001I0a->(a->I0Db) ->I0bUO0OONMIOOODOOODOODOODOODOODOOO
gobbooobboobbmudbbdUeetchar 00000 ooobOo0o0nDbOOcOOd
obobooooobobO putchar cOO0O0OO0O0OD0OO0O0OO0OO0OOODODOODOOOOOODO
Ub0oobooobooobod>->=00000000000000000c =getCchar0000000O0
gbobobobobobobobob cbhgetchar0D 00000000 ODOODOODODOO

3.2 DOOOO

gobooboobooboooogobooooboobboooboobooobooobooobooboooa
gboboboboboboboboobooboobooboobooooboooooooooobooobooobooon
gbooobooooboobooobooboobbooDbo (monad)D OOOOOCOOOOOO
obobobobobobob robobOobOobOobOobOobOobOobOobOobOobOobOobon
O0O0000ooooooCoOoOoOooooooooO *og”(computation) 0 O0O0O0DOOOO
gbobooooooo

unitM : a—> Ma
bindM :: Ma—-(a—» Mb)—> Mb

0000000000000 000MOD00000000O000O0D0O O unitM, bindMO

(unitM @) ‘bindM* k
m ‘bindM* (1a — unitM a)
my ‘bindM* (1a — (M, ‘bindM* (1b — mg)))

ka
m
(M ‘bindM* (1a — my)) ‘bindM* (Ab — n)

0300000000000000d
gooooMaOODDOO O0O000DoOoO0O0unitMO bindMODOOO
goboooogoogd

e UuntMa--- 0 a0 OO0OO oooo

e mbindM'k---O000Om:MalOOOOOCOOOOOOOO kra»MbOOOOOOOOO
ooooooogo
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33 DOOooonoog

oooMOOOOOODOOOOOOOOOODOOOCOOOOO wunitM,bindMOOO0000OO
O00000000unitM,bindMO MOOO0O0OD0ODOOO000O0O0ODOO0O0ODOOOOO0OOO

gopooooooooguobooggoooguoooooon
class Monad m where

return :: a ->m a -- 00 unitMO OO
>=) ::ma->((->mb) > mb -- 00 bindMOODO

Monad DO D ODOOOOODODOODOOOODODOODODOD

3.4 10000

I00 HaskellD Prelude DO O0OOO0O0OOODOO0OO0ODOOOOOOOOOOOODOOOOO
O00000000000000C0O0O0O0000000000D0O0O0T1I00 HaskellDOOOOOOO
gobooboobbobbOoob0obbOoO0bdputChar,getCharD OO0 0OOO0OOO0ODOO
gbooobooooobooboon

putStr :: String > I0 O -- 0O0O0OOOOOO

putStrLn :: String > 10 O -- O0OO0OO0OOOOOOOOOO
getlLine :: I0 String --goooood
getContents :: IO String -- EOFOO0O00DOO

gbogbuootboboobuooboboobobbobuooboboobg
O00O0OData.IORef 000000000 import0 000000000 OOODODOIORef0OOO
obooooboboon

newIORef :: a -> I0 (IOREf a) --Q0O0ooooog
readIORef :: IORef a -> IO a --0o0ooooo
writeIORef :: IORef a -> a ->I0 OO -- OOOOOOO

HaskellOOGHCIiOOOOOOOOOODODOODOODOOOOOOOODOOODODODDODODODODODOC
Ub0bOd0Omain0O000000000000DO0O0OOO0O0ODOO0OO0OO0Omain0OO0OIO 7
gboobod-obb0o0obOoobobbooboobobbobooobon

vbobooboboboooboobobobobobobobooooobobobOobooboba

000000000000 00O0o0o0b0b00o0o0oooa
module Main where

import Data.Char -- Data.CharO00 0000 importO O
-- toLower, toUpper :: Char -> CharOO O OOOO0OOO0OOO

main :: I0 O
main = getContents >>= (\ s -> putStr (map toLower s)
>>= (\ _ -> putStr (map toUpper s)))
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gooogoN... »>...0obooobbuooobooobbuooobooobboobboo

OJo0o0oooooooooooooooooooooooooooaag
main = getContents >=\ s ->

putStr (map toLower s) >>= \ _ ->

putStr (map toUpper s)

OO00OHaskellDO Monad OO DO OOOO googbobooboobobooobooboo

oooooooooooooo

main = do

s <- getContents
putStr (map toLower s)
putStr (map toUpper s)

35 DO000OOOobooono

Iod0d0dDOHaskelOOODODODOOODODODODODODOOOOODODODDOOOOOODO
oo ooOoOoOobO OO b0 bO00000o0oUoUooOoao
oo oooooooooooooooooooooooooooogo
odod“00"000o0o0oDo0ooo0oooooood unitM,bindaMOOO0OOO0OOODOOODOO
oo oo oooooooooooo
000000oOo00ooOoooooooooDogn utl (UntypedTiny ImperativeLanguagell 0 000 O
googutly utilerr,... OO0O00O0OODOOOODOODOOOOO

0o0odoooooooooobobobooooddd MeonadOD OO OOOODODODODODODOOOOOO
000000000 0doOO0OD0OO0O0OO0OU0ODOO0OOO0ODOODOOODOODOOOODOODO

gooooooooooooobooooooon 0 gooooogo
00dbO0dbOO0obOO0bOO0obOOo cOdbO0bObObObO0ObOODOO0ObODOobOO0ObODOoDOooDOooDOooDag
0000000 LROODOODODODOOODOODOOOOO0OO0OODOOOO0OODOODOOODOOnOg
O0o0o0oooooooooooooooon

googooboodoooobobobtboooooobobbooooobbooooobboboobo
ggooboooooood

000000000000 0000000000000000

type Decl = (String, Expr)

data Expr = Const Value | Var String | If Expr Expr Expr
| Let Decl Expr | Letrec Decl Expr

| Lambda String Expr | App Expr Expr

00000 (Expr) 0000 O (Const) 0D D0D0D (Var) DO OOif O (If)0letD (Let)J 0O OO
letd (Letrec)J 0000 (Lambda)DJ DO D0 (App) 0000000000 O0O0O00OCOO0O0OO0O
0000000000000
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goooboobooboooboob BNFOODDODOODODOOOD™bOoobDobboobobo
oobobobobobobmm

Expr — Const| Var | ( Expr)
| if Exprthen Exprelse Expr | letrec Declin Expr | let Declin Expr
| \Var->Expr | Expr Expr| Expr+Expr | Expr*Expr | --0800000000O.--

J000dooooooOooOoo0o000oooooooooooo
myParse :: String -> Expr -- 000O0O0O0OO0OOOO0O0O

Value “O0"00OU0000Expr 00000000 ValueOOOooooooooOoobDOoDOO
gobodboogoobggboogoooggn

data Value = Num Double | Bool Bool | Str String 0O Char Char
| Fun (Value -> M Value) | Pair Value Value [0 Unit

ugbooboooooobooboobooooobobobooooooboooooobooobooooooboooboooo
goboboobobboooboboobobobooobog Oenvironment 0000000000
00D0DDO0O0Stringd000ValuedOOOODODDM00000O

type Env = I

O0EnvO00000000O0O0COO0O0OOO00O0000
lookup’ :: a -> [(a, b)] > b
lookup’ x ((n,v):rest) = if n==x then v else lookup’ x rest

gododooboo+,*0000000000000000000000000

initEnv = [("+", Fun (\ (Num ¢) -> Fun (\ (Num d) -> Num (c+d)))),
(" ", Fun (\ (Num c) -> Fun (\ (Num d) -> Num (c*d)))),
v ]

00 00==, <, <=, >=, >, True, False, pair, fst, snd, toString, ++0 000000000000
initeEnv0000000OOteStringO OO ODOOOOOOOOOOOODO++OOO0OOOOOOad
ooooooo

000000000 oOOo0oooooboooooobooooa

interp :: Expr -> Env -> M Value; -- OOOOOOO0O
0000000 MOOOOOOODOOODOO utlo“00”"0000000000 interp O ValueOd

obooooooobobdvalveDOOODOOoOoOO0OoOoooOOobOOO0OOOoOOoOoooooooDOoD
gobooboobbooobooxMobooboobboobad

lDooooooooooo0000associationlist, a-ligt 0000 00000000000000000O00OOOOO0O
ooooo
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3.6 DOOOODbOOO0O —util

gobooboooduilobovMibooooboooooooboooooooobooooooutin

oodoooodoooooodad
type M a = a

unitM :: a -> M a
unitM a = a

bindM :: Ma -> ((a@a->Mb) ->MbD
m ‘bindM‘ k =k m

interp0 000000000000 0000D0O0O0000O000DO0O0Letrecd00O0000OO0OO

ogooad

interp :: Expr -> Env -> M Value

interp (Const c) e unitM c

interp (Var x) e unitM (lookup’ x e)

interp (Let (x, m) n) e interp m e ‘bindM‘ \ v ->
interp n ((x,v):e)
interp £ e ‘bindM‘ \ (Fun g) ->
interp x e ‘bindM‘ \ y ->

interp (App f x) e

gy
unitM (Fun (\ v -> interp m ((x,v):e)))
interp ml e ‘bindM‘ \ (Bool b) ->
if b then interp m2 e
else interp m3 e

interp (Lambda x m) e
interp (If ml m2 m3) e

interp (Letrec (x, m) n) e =
mfixU (\ v -> interp m ((x, Fun v):e) ‘bindM‘ \ (Fun v) ->
unitM v) ‘bindM‘ \ v ->
interp n ((x, Fun v):e)

Letrec0 000000000000 mfixUO0OO00O0O000O00O0OO0O0O0OO00OO
mfixU :: (@ ->Mb) >M(@->Mb) ->M (a->Mbhb)
mfixU £ = £ (\ a -> mfixU £ ‘bindM‘ \ g -> g a)

O000000000000000000000000 fix000000000000000000
fix :: (a->a) -> a
fix £ = £ (fix £)

ugbooon

interp (myParse "letrec fact = \\ n -> if n==0 then 1 else n*fact(n-1) in fact 5")
initEnv

gobooobooonDD Num 120.000000000

3.7 UtilErr —ODO0O0OO0OOO

utildooodoooooobooooooobooboooooboooboooobooDobboog
gooooooooobooobbobOoOoobOO0UObDbOUODOUObObODOObDbOUOODOOOD
gboooboboooboobobbobooobooboobobobobooboooboboboooboo
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gobogooboooboboobooboboooobobobobooboobobooboobobobo
gbobogboobboooooobod
gboboooodoooooodoioonoboooiodiibd Errdgdoogn

data Err a = | I

0000000 successO00DOUODOOO0DOODODOODODOOOODODOOODODOODO

OFailure 00 000000000000000000O00O0O0O0O0OOOOOOOO0O

unitErr :: a -> Err a
unitErr = Success

bindErr :: Err a -> (a -> Err b) -> Err b
(Success a) ‘bindErr‘ k =

(Failure s) ‘bindErr’ k =

m ‘bindErr‘ kOOODOmOOOOO0OO0OO0ODO0OO0ODOOOOODOOOODOkOOOODOODODODO
gbooooobombOOO0O0O0ODO0D0OKODOOODOO gooooo
goo

UIErOOOOO MOOO Err 00000000
type M a = Err a

unitM :: a -> M a
unitM = unitErr

bindM :: Ma -> (a->Mb) ->Mb
bindM = bindErr

Joo0oooooooooooon
failM :: String -> M a
failM = Failure

lookupM :: String -> Env -> M Value
lookupM x ((n,v):rest) if n==x then unitM v else lookupM x rest

lookupM x [] = failM ("Variable: "++x++" is not found")

lookupMU UM O OO OO lookup’ DO O DOOOODODOOODOOODOOOODLOOOODOOOODOO

oobooooooobobooboo0oobOoOfailnd gooooooooon
OO0O000initEnvD 0000000 “O0000O0C0OO0"0DO0O0O000DOO0OOODOOOO

goboobooooboobooooy/oooboobooooboobooooboonoo

Fun (\ v -> case v of
Num ¢ -> unitM (Fun (\ w ->
case w of
Num 0 ->
Num d -> unitM (Num (c/d))
_ -> failM "Number expected"))
_ -> failM "Number expected")

gbobobobobobobooubUoboUoboUoboUobDUobDUobLDUOobDUoDoDOg
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interp000000000000000D0000000D0O00O0O0O0O0DOO0ODOOO0ODOO0

interp (App f x) e interp £ e ‘bindM‘ \ g ->
case g of
Fun h -> interp x e ‘bindM‘ \ y ->
hy
_ -> failM "Function expected."”
interp ml e ‘bindM‘ \ v ->
case v of
Bool b -> if b then interp m2 e
else interp m3 e
_ -> failM "Boolean expected"
mfixU (\ v ->
interp m ((x, Fun v):e) ‘bindM‘ \ vl ->
case vl of
Fun £ -> unitM £
_ -> failM "function expected"
) ‘bindM‘ \ v ->
interp n ((x, Fun v):e)

interp (If ml m2 m3) e

interp (Letrec (x, m) n) e

b0 Aappi000gobobooobooooobooboobobobobobobbobobbobort
gbobodbooobooboobobooboobbooboobog

OO0O0OUtIErDO OHaskellDOOOOOOOOOOOOOOOOOOOOOOOOOOGOOO
_ [Ostrictevaluation 0 0 000000000000000C00C00C0O0000*“(\x -> 0 (1/0)”

0000000 HaskellO O 00
UtilErr O O

O
Javall trylDcatch OO OO OOO0DOOODOOOO0ODOOOOOODOOOOOO

data Expr = ... | |

BNFOODOOODOOODOOOD
Expr — ... | try Exprcatch Expr | throw Expr

Try ml m0ml10000000000O00000000O00000 «txryQOOOOODLOODODO
mlJO0O00000000D0000000000m00000O0OFail e00000O000O0O00O0ODO
OO0 Javal thrown DO OO0 ODO0O00O00000 interp00000000000O0

interp (Try ml m2) e

interp (Fail ml) e interp ml e ‘bindM‘ \ v ->
failM (showValue v)

0000 showValue O Value OO O OO OOOOOOOOOODODODOODODO Value -> String O
00o0ooooooodteyMO

gooooo
tryM :: Ma ->Ma->Ma

tryM (Success v) m

tryM Failure m =
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goo

interp (Try (App (App (Var "/") (Const (Num 1))) (Const (Num 0)))
(Const (Num 99999)))
initEnv

OO0 Success (Num 99999.0) OO OO

3.8 ULIST-O000OO

uiliooooooooooooooooooooocoobnJaval 0D 000oooOoOoOoOoOooO
gooooooboobobooobuoobooboboboobooboobobbooboobOoobo
200000000 *op’"oboobbo0bbo0bo20dobgboobDoLoboobboOoboDboOO
oboooobooooboobood

ExprOO00000D00O0O00O00SetX,SetYOOOOOGetX,GetYOOOODOOOOOODO200O
U000 -00000whileDOOODOOOBeginO-000000000OO0OOODO

data Expr = ... | I | |
| |

gboobooboboobooboobooobooon

Expr — ... | setXEXpr | getX | setY Expr | getY
| while Exprdo Expr | begin ExprSeq
ExprSeq — Exprend | Expr; ExprSeq

O000O"begin setX 1; setX (getX+3); getX end"0 00O 0O00O0OOOOOOOOO 0
ooodooobon
00oooooooOooooo “o0oo™moo00oooo0onoooogoobo oo sTooon

g0

type MyState = (Value, Value)
type ST a = MyState -> (a, MyState)

unitST :: a -> ST a
unitST a =

bindST :: ST a -> (a -> ST b) -> ST b
m ‘bindST* k =

STOOMyState DO U DOUODOOODOOO00OODOMunitST al0U000sO0D00O0D00OO0ODOADO
U000000000b0Om ‘pindST* kOOmOOO0OOD0O0D0O0Os10000000kODOODOO
gboooo
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utisToooooOoMOOSTOOOOOO0OO
type M a = ST a

unitST
bindST

unitM
bindM

O O000Const, Var, Let,Letrec0 000 interp0 0000000 3.600000000000OO
ooao

SetXU GetXO OO ODOOOOOOOOODOOOODODOOOOOOOO
interp (SetX ml) e = interp ml e ‘bindM‘ \ v ->

\ x, y) > &, (v, ¥))
interp (SetY ml) e = interp ml e ‘bindM‘ \ v ->

\ &, y) >y, x, v))

interp GetX e

interp GetY e

SetX, SetY[ MyStateOD U UODODOOD GetX,GetYD MyStateU O OO ODOODOODODO

Begin WhileOOOOOODOOOOOODOOOOOOOOGOO
interp (Begin [ml]) e interp ml e
interp (Begin (f:£fs)) e interp £ e ‘bindM‘ \ _ >

h
interp (While ml m2) e = interp ml e ‘bindM‘ \ (Bool b) ->
if b then interp m2 e ‘bindM‘ \ _ ->

else unitM Unit

run0 00000

run :: String -> String
run prog = showValue (fst (interp (myParse prog) initEnv (Unit, Unit)))

gooboooobobod run0000bOo0bO0O0DOO0ODLOODODDOODiInitEnv0OOD0DO0O
O (Unit, Unin)J00000interp00000000000O00000OO000O000 run0O000O0O

run ("let fact = \\ n -> "t
" begin "+
" setX 1; setY n; "+
" while getY > 0 do begin"++
" setX (getX*getY); "+
" setY (getY-1) "t
" end; "+
" getX "t
" end in "+
"fact 9 ")

U000 "362880.0"0 000

038lb0MbOoUobooooboboooobobooboobobboooooDubogo Mo
ubobodb err0bgobogaoooan
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type M a = MyState -> Err (a, MyState)

unitM :: a -> M a
unitM a = \ s -> unitErr (a, s)

bindM :: Ma -> ((a->Mb) ->MbD

m ‘bindM‘ k = \ s® -> case m sO of
Success (a, sl1) -> k a sl
Failure err -> Failure err

o pMoOdbDO0OOD00OOinterp0 00000

3.8.1 newtype [0

gboboooooboboooboboboobobobobosThbobobooo0ond Monad O O
gboooboooooboobogoon

instance Monad ST where
return unitST
(>=) bindST

gboboobooobooobostThOD wypeUUOOO0OOoOooooonoOoooOoooOombooonog
ubogbuooobooboobuoobobobooboobobboboobobobobooboon

0000000000 newtype OO OO O OOOOGOQOAQ
newtype ST s a = ST { unST :: s -> (a, s) }
--O00o0oooooao

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

-— unST (STm) =m

unitST :: a -> ST s a
unitST a = ST (\ s -> (a, s))

bindST :: ST s a -> (a -> ST s b) ->ST s b
(ST m) ‘bindST‘ k = ST (\ s® -> let (a, s1) = m sO® in unST (k a) sl)

instance Monad (ST s) where
return

G>=)

unitST
bindST

newtype 1000000 100000000 data000000CO0O0OOOOOODOOOODOO
gostTodbuwSTOODOOOOOOOO0DOOOOOOOO0DOOOOOOO000

3.9 utllo -00DOogdd

OoooopoDoOoO0oOoDOooOoOoOooOoOoOoOooDooOoOossoUo utisTOOOOoOOoODOoOOO
gboooo
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O00Expr 0000000000000 0O00O0O0O0OO0ONO
data Expr = Const Value | Let Decl Expr | Var String

ooooMOOOO38UOO0OOOOOOOO0OOOoO0ODOODOODbLOODOOn stringd

ooo0ooooooog
type MyState = ((Value, Value), String, String)

oooooooooooooooooooonon
getX :: Value -> M Value

getX =

setX :: Value -> M Value
setX x1 =

readM :: M Value
readM =

writeM :: Value -> M Value
writeM v =

readMJ00000C0OO00010000000writeM vOOOOODOOO o v Stringd 00
gobooobooooooo
000000000 ReadO WriteOD O OO interpd 00000000

interp Read e = readM
interp (Write ml) e = interp ml e ‘bindM‘ \ v ->
writeM v

run00000000O000OO
run :: String -> String -> String
run str i = let
(_, (, _, 0)) = interp (myParse str) initEnv ((Unit,Unit), i, "')
in o

ooooooao
run ("let sq = \\ x -> if x>0 then x*x else 0-x*x in "++

"let r = sq 2 in "+
"Write r II) mn

obooov4.e"00O00O0

391 DOOOOOOODOODO

Ub0dMyStateJOODOOOO0OOO0OODOOOOODODOOOOODODOOOODODOO
+~+Jguoooogboboooobobooo—+hooooboboooobooboooobobooobon
gboboooboobooboboobobooboobobooboboobooboobono
gbobobobobobo
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type lWriter a = (a, String -> String)

unitW :: a -> Writer a
unitW a = (a, \ s -> s)

bindW :: Writer a -> (a -> Writer b) -> Writer b
m ‘bindW‘ k = let (a, f1) =m; (b, £f2) =k a in (b, \ s -> f1 (£2 s))

writeW :: String -> Writer ()
writeW s = (), (s++))

oo+ oooooboooboobooobobooboooboobon

3.10 UtiNonDet —O 0O QOOOO0O

000000 uloooooDooo0o0o00ddOdOdnondeterminism 000000000000
gbooooobobooobgobooobobooobobooooooobobooooboboob
gobooobobooobooooboobbooboobooboobbooomobooboooboobooo
gboobooooboboobooboboboobobobobobooboobobooboobobo
00000000 Prologd OO0OODOO

utilDODOD Aamb 0 FailODOODOODOODOO

data Expr = ... | [

Amb mi1 mU00ml1 000 m0000000000000000Fail000000000D000O0
obobobooboobooo

Expr — ... | amb Expror Expr | fail Expr

gooooo

goobog“og"oovMb0oooooooog

data List a = Cons a (List a) | Failure String
type M a = List a

nil :: List a
nil = Failure ""

append :: List a -> List a -> List a

(Cons x xs) ‘append‘’ ys = Cons x (xs ‘append‘ ys)
(Failure s) ‘append‘ (Failure "") = Failure s

(Failure s) ‘append‘ ys ys

unitM :: a -> M a

unitM a = Cons a nil

bindM :: Ma -> ((a@a->Mb) ->MbD

(Cons x xs) ‘bindM‘ k = k x ‘append‘ (xs ‘bindM‘ k)
(Failure m) ‘bindM‘ k = Failure m

U0D00List a000O00000 a000000[QIOOD0OD0O0O0O00 string 000000000
Ub0o0bO00witMd bindMO0O0O0OO00O00OO00O0O0OO0O0O0OOOO0

000000000000 HaskelODOOOOO-0O 30 p.13



unit :: a -> [a]
bind :: [a] -> (a -> [b]) -> [b]

0do0oOoddooopDooovMOdDOOO0ODOOO0ODODODOO0DOOoO0OOOOoDDOOd
000000 FailureO OO OQO0Qd
failM :: String -> M a

failM message =

O000AmbO Fail OO OO interp0 00000000000

interp (Amb ml m2) e =

interp (Fail el) e = interp el e ‘bindM‘ \ v ->
failM (showValue v)

Amb ml 20 ml,m20 20000000000append00000000O0O0OCOOO
gboboooboobooooooooooboOD failMOOO0OO0OD0OOO0O00O00

Fun (\ v ->
case v of
Num ¢ -> unitM (Fun (\ w ->
case w of

Num ® -> failM "Division by 0"
Num d -> unitM (Num (c/d))
_ -> failM "Number expected"))

_ -> failM "Number expected")

O000runO0OO0O0O0O0
run :: String -> String
run prog = showlL (interp (myParse prog) initEnv)

showL (Cons a (Cons b cs))
showL (Cons a _)

showValue a ++ " or " ++ showL (Cons b cs)
showValue a
"Failure: "

showL (Failure str) ++ str

O0000000Orun "Camb 1 or 2) * (amb 3 or 4)"OOOO"3.0 or 4.0 or 6.0 or 8.0"[
O0Orun "Camb 1 or 2) / (amb ® or 4)"OOO"e.25 or 0.5"0 00 00O0OOOODOOONO
Jooodooooooooboooooooon

O00runO0000

runl :: String -> String

runl prog = showValue ( (interp (myParse prog) initEnv))

hdL :: List a -> a

hdL (Cons a _) = a

gbooboooooboobobooboooboboobooboooobobobobooboobonoo
U0000b0dO00runl "Camb 1 or 2) / (amb 0 or 4)"UDO O "0.25"00000O0O00O0O0O0OO
000 HaskellO gbbooobbuoobobbooobboooobbooobooab
gobooboooboboobooobobooooobboobooobobooboooo
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3.11 UtilCont — OO OOO

UtilO break,continue D00 0000000000000 00ExprO0000000OO00O0ODOO
Uobodb000goto0O0OOOOO0ODOOOO0OOODOOOONO

data Expr = Const Value | Let Decl Expr | Var String
| Lambda String Expr | App Expr Expr | If Expr Expr Expr
| Letrec Decl Expr
I
I

GetX | SetX Expr | GetY | SetY Expr | GetZ | SetZ Expr
While Expr Expr |

I I I I
type LabeledExpr = (Maybe String, Expr)

ugbboobogbooobgd

Expr — ... | begin LabeledExprSeq
| break | continue | abort
| goto Var | callcc Expr
LabeledExprSeq— LabeledExpfend | LabeledExpr; LabeledExprSeq
LabeledExpr — Expr | Var : Expr

gooooo
00 abort, break, continue 0 0000000000 OOO0ODOOO0DOOO0O0ODOOO0ODOO0O
Ocontinuationl 0000000000000 O0OOOO

type K r a =
unitk :: a ->Kr a
unitkK a =

bindK :: Kra->(a->Krb) >Krhb
m ‘bindK‘ k =

abortkK :: r -> Kr a
abortK v =

oodbbDa »>r0ddo“0o0boOOoOoob0’OO0DO0O0unitk a0

Om ‘bindK‘ kOO O\a->kacdOm
000OmO00D0O00000O0O0O0ODOODODOO000O0O0O00O0O0O0O0O00O0ODOO0000000O0O
0000000000000 dddabortk vOOOOOOOOO
O0vOoOoooooooooooooooooooooooooobooooooooooooo

go00O uticontOO00OOODOOOOMOODODODOODODOOOOODODODODODOODOODOOODOODOO
Or0000000000ST QULUODO0O0OOD0O0O0O0O0O MyStatel Value OO oo
OooooOomutisTOODOOOO3000000000000010
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type MyState = (Value, Value, Value)
type ST a = MyState -> (a, MyState)
type Result = ST ()

type M a =

unitM :: a -> M a
unitM a = unitK a

bindM :: Ma -> (@ ->Mb) >MbD
m ‘bindM‘ k = m ‘bindK‘ k

setXUODOOODOOODOOODOMODOOODOOODOOODOO0000

failM :: String -> M a
failM message = abortK (\ s -> (Str ("failure: "++message), Unit, Unit))

setXST :: Value -> ST Value
setXST v = \ (%, v, z) -> (Unit, (v, y, z))

setX :: Value -> M Value
setX v = \ ¢ -> setXST v ‘bindST‘ c
-- setY, setzOOOOOQOOOO

getXST :: ST Value
getXST = \ (x, vy, z) > (x, (X, y, 2))

getX :: M Value
getX =\ c -> getXST ‘bindST‘ c
-- getY, getZOOOOOOO0OO

lookupM :: String -> Env -> M Value
lookupM x ((n,v):rest) = if n==x then unitM v else lookupM x rest

lookupM x [] = ("Variable: "++x++" is not found")

failMO0O0OO0OO0OOOOOOOOOCOOOCOOOOOO “ailure:..."000000OCDOOODODODOO
oboooboomobobobooobD 100000000 @M™setx vOODODOD 1000 vOOODODO
Unit000O0000000O0O0O0

interpU000000000000OC0O0O0O0O0O00OO0OValueOOOODODOODOODOO break
O continue goto 0 0000000000000 0000000000O0000O00O0O00O0

data Value = ... | I

Const,Var,LetrecO 000000 interp0 0000000 OOO
Break, Continue 1 00000 break,continue 100000000000 O0O0OOO lookupO O
00000000DbO0DO0DO0o0O0O0bOoDOO0DOD 0000000000 Abert0 OO OODO

000000000 oo0oooooooooooonan
interp Break e =\ c® -> lookupM "break" e

interp Continue e = \ c® -> lookupM "continue" e

interp Abort e
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WhileODOODOOODOODOOODOODOOOOOOODOOO0OO0OO0O00000O0

interp (While ml m2) e =
\ cl —>
let el = (("break", Cont cl) : e) in
interp ml e (\ v —>
case v of
Bool b -> if b then
let c2 =\ _ -> interp (While ml m2) e cl in
let e2 = (("continue", Cont c2) : el) in
interp m2 e2 c2
else c1 (Bool True)
-> fairM "Boolean expected" cl)

gob0cld gboboobOdc20 gobooboooooboon
000000 Obreak, continneJ 0000000000000 envDO000m2000000

0000000000 run00O0nQ0OO
run :: String -> String
run str = showValue (fst3 (snd (interp (myParse str) initEnv
Av(,y, 22 > (v, y, 2)) (Unit, Unit, Unit))))

fst3 (a, b, ¢) = a

goboobogoboo

run ("let foo = \\ n -> begin "++ - cOOO0OO

" setX 1; setY n; "++ -- int foo(int n) {
" while getY > 0 do begin "+ - int r=1;
" if getY==10 then break "++ -- while (n>0) {
" else if getY==3 then begin "t -- if (n==10) break;
" setY (getY-1); continue "t -- else if (n==3) {
" end else 1; "t -- n--; continue;
" setX (getX*getY); "t -- }
" setY (getY-1) "+ —- r=r*n; n--;
" end; "+ -}
" getX "++ --  return r;
"end in "+ -- 3
"foo 9 ")

ooooad 0000000 foo 90 foo 110000O00O00O0O ooon

gbooooodobodgoto bbb oo*obo"boboboboOO
Uo00DbO0b0ObD interpd 0000000000000 0O00O0O0O0O00O0O00O0OO0ODOO0ODO
goog

begin
11: Exprs /* --- 0000 goto 11; goto 12; 00 0OOOODODOO */
12: Exprg /* --- 0000 goto 11; goto 12; 0000 OODODOO */
end

gobodbodbbOce,ceU 11,1200000000

c1 = A_— interp Exprg € ¢
C; = A_— interpExprs € c
€ = e+{ll~ Contcy,12 +— Cont Cy)
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Jooooooobobobbooooogo
interp (11:Exprg 12:Exprs)e c=c; Unit

gobodbobdcedbodbboonobOo0obbOOobDbOoObDOOn
gotoUUOOUOOOobOuUoooooobooobboobobooobboobbooboboab
googng

interp (Goto label) e = \ c® -> lookupM label e I

ooon

run ( --/*coOoogoaog =/

"begin "+ - {

" set 1; "+ —- x = 1;

"o11: "+ -- 11:

" if get > 100 then goto 12 else Unit; "++ -- if (x>100) goto 12;

! set (get * 2); "ht o -- X = x * 2%

" goto 11; "+ - goto 11;

"o12: "+ -- 12:

" get R return x

llend ll) - }
doooooooon oooad

3.12 call/ccO0O0O

00000 UtiContO Schemé] call/ccO0OOO0O00OO0OO0ODOOOOOODOOOOODODOO

O00000000000000D0000cCalleccO000 interpd00000O0O00O0OOO
callccK :: ((@a->Krb) >Kra) >Kra

callccK h =

interp (Callcc m) e = interp m e ‘bindM‘ \ g ->
case g of

Fun £ ->
_ -> failM ("Callcc: Function expected")

callecKODODOODODOODOODO kODOOODODdOOODODOODOOOOODOOODOCcOODO
UopbodbobdodbbOCalleccOUO0ON interp0000O00OO0DOO calleccKOUODODOOODOOO
goo

ooon

run (

"let mult = \\ xs -> \\ k -> begin "+t
" setX 1; setY xs; setzZz \"\"; "o+
" while isCons getY do begin "+
" let n = car getY in "o+
" if n == 0 then k 0 else "o+
" begin setX (getX*n); setY (cdr getY); setZ (getZ ++ \" \" ++ n) end " ++
" end; "o+
" getX "o+
" end in "o+
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"let list = cons 1 (cons 2 (cons 3 (cons ® (cons 4 (cons 5 nil))))) in "ot
"let result = callcc (A\\ k -> mult list k) in "ot
"pair result getZ ")

ooO0d (Num 0.0, Str " 1.0 2.0 3.0") 0000

313 JOUOoognd

goobdoo “bo"oboboboobobooboboobUoboboDobDoobobobUobDoLDOoo
gobodgboobboobooobooobuooboobbooboobo

oooo0ooooooooooo(@uoooooo)oooog
type ST s a = s -> (a, s) -- State Transformer

unitST :: a -> ST s a
unitST a = \ s -> (a, s)

bindST :: STs a -> (a ->STsb) ->STshbh
m ‘bindST* k =\ s -> let (a, s1) =m s in k a sl

tickST :: ST Integer ()
tickST =\ n -> (O, n+l)

type K r a = (a -> r) -> r -- Continuation

unitk :: a ->Kr a
unitKk a =\ ¢c -> c a

bindK :: Kra->(a->Krb) >Krb
m ‘bindK‘ k =\ c->m (\ a ->k a c)

type E a = Either String a -- Error

unitE :: a -> E a
unitE a = Right a

bindE :: Ea -> (a->Eb) ->EDb
(Right a) ‘bindEf k = k a

(Left s) ‘bindE‘ k = Left s

type L a = [a] -- Nondeterminism

unitL :: a -> L a
unitL a = [a]

bindL :: L a->(Ca->Lb) ->Lb
[T ‘bindL‘ k = []
(x:xs) ‘bindL‘ k = k x ++ (xs ‘bindL‘ k)
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e State Transformern Continuation (1)
type KST r sa =K (ST s r) a

unitKST :: a -> KST r s a
unitKST = unitkK

bindKST :: KST r s a -> (a ->KSTr sb) >KSTrshbh
bindKST = bindK

tickKST :: KST r Integer ()
\ ¢ -> tickST ‘bindST*‘ c

tickKST

e State Transformédn Continuation (2)
type STK r s a =s ->Kr (a, s)

unitSTK :: a -> STK r s a
unitSTK a =\ s ¢ -> ¢ (a, s)

bindSTK :: STK r s a -> (a -> STK r s b) -> STK r s b
m ‘bindSTK* k =\ s c ->ms (\ (a, s1) -> k a sl )

tickSTK :: STK r Integer ()
tickSTK = \ s ¢ -> ¢ (tickST s)

e State Transformen Error (1)
type STE s a = s -> E (a, s)

unitSTE :: a -> STE s a
unitSTE a = \ s -> unitE (a, s)

bindSTE :: STE s a -> (a -> STE s b) -> STE s b
m ‘bindSTE* k =\ s ->m s ‘bindE‘ \ (a, sl1) -> k a sl

e State Transformern Error (2)
type EST s a =s -> (E a, s)

unitEST :: a -> EST s a
unitEST a = \ s -> (unitE a, s)

bindEST :: EST s a -> (a -> EST s b) -> EST s b
m ‘bindEST‘ k = \ s -> let (ma, s1) =m s in
case ma of
Right a -> k a sl
Left s -> (Left s, sl)
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e State Transformer Nondeterminism (1)
type STL s a = s -> [(a, s)]

unitSTL :: a -> STL s a
unitSTL a = \ s -> [(a, s)]

bindSTL :: STL s a -> (a -> STL s b) -> STL s b
m ‘bindSTL® k =\ s ->m s ‘bindL‘ \ (a, sl1) -> k a sl

e State Transformer Nondeterminism (2)
type LST s a = s -> ([a], s)

unitlST :: a -> LST s a
unitLST a = unitST (unitL a)

bindLST :: LST s a -> (a -=> LST s b) -> LST s b

m ‘bindLST‘ k = m ‘bindST* \ as ->
mapST k as ‘bindST‘ \ bs ->
unitST (concat bs)

mapST £ []
mapST £ (a:as)

unitST []

f a ‘bindST* \ b ->
mapST £ as ‘bindST‘ \ bs ->
unitST (b:bs)

0000000000000 0D000 (Monad Transformer 00 0000000000000

(Haskell Libraries 1 00000000000 OO)
newtype StateT s m a = StateT { runStateT :: s -> m (a,s) }

instance (Monad m) => Monad (StateT s m) where
return a = StateT $ \ s -> return (a,s)
m >>=k = StateT § \ s -> do
(a, s’) <- runStateT m s
runStateT (k a) s’

newtype ContT r m a = ContT { runContT :: (a ->mr) ->mr }

instance (Monad m) => Monad (ContT r m) where
return a = ContT (§ a)
m>>=k = ContT $ \ ¢ -> runContT m (\ a -> runContT (k a) c)

newtype ErrorT m a = ErrorT { runErrorT :: m (Either String a) }

instance (Monad m) => Monad (ErrorT m) where
return a = ErrorT $ return (Right a)
m >>=k = ErrorT $ do
a <- runErrorT m
case a of
Left 1 -> return (Left 1)
Right r -> runErrorT (k r)
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newtype ListT m a = ListT { runListT :: m [a] }

instance (Monad m) => Monad (ListT m) where
return a = ListT $ return [a]
m >>= k = ListT $ do
a <- runListT m
b <- mapM (runListT . k) a
return (concat b)

gbobobobobooboobooboooooobooobooooooooooon
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