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Control . Mon

cl ass Functor f where

frap :: (a —>b) >f a->f b
Funktor by mél splfiovat

& fmap id == id

* fmap (f g == fmp f fmap g

i nstance Funct or

[] (Array i) Maybe ((,)

a)
r)

ad

cl ass Monad m where

(>>=) ma -> (a —>mb) -=>mb
return :: a —> ma

fail String -=> ma

(>>) o ma -—>mb ->mb

f >g=1f >=\_ ->g¢g

Either a) ((->) r) 10OSTM (ST s) Id

(
|

i nstance Monad [] Maybe (Either e) ((->) O STM (ST s)

i nstance Monad Maybe where i nstance Monad [] where
(Just x) >=k = k X m >>= Kk = concat (map k m
Nothing >>= k = Nothing return x = [X]
return = Just fail s = []
fail s = Not hi ng

cl ass Monad m => MonadPl us m where
nplus :: ma -> ma -> ma
negero :: ma

i nstance MonadPlus [] Maybe STM

i nstance MbonadPl us Maybe where instance MonadPlus [] where
neer o = Not hi ng neero = []

Not hi ng ‘ mpl us' ys = ys npl us = (++)
XS ‘nmpl us‘ ys = XS

liftM:: Monad m=> (al ->r) -> mal -> mr

liftM :: Monad m=> (al —> a2 ->r) -> mal -> ma2 ->mr

[iftM3 :: Monad m=> (al -> a2 -> a3 -=>r) -=>mal -> ma2 -> ma3 -> mr

when :: Monad m=> Bool -> m () -> m ()

unl ess Monad m => Bool -> m () —> m ()

guard MonadPl us m => Bool -> m ()

mapM Monad m=> (a -=> mb) ->[a] —> m[Db]

mapM_ Monad m=> (a -=> mb) ->[a] -> m ()

forM Monad m=> [a] -> (a -=> mb) -> m][b]

forM_ Monad m=> [a] -> (a -—> mb) -> m ()

sequence :: Monad m=> [ma] -> m][a]

sequence_ :: Minad m=>[ma] -> m()

(=<x) Monad m=> (a -=> mb) -> ma -> mb

(>=>) Monad m=> (a -=> mb) -> (b ->mc¢c) ->a -> mc

(<=<x) Monad m=> (b -=> mc) -> (a ->mb) -> a -> mc

forever Monad m=> ma -> mb

void :: Functor f =>f a > f ()

join :: Mnad m=> m(ma) -> ma

nmsum :: MonadPlus m=>[ma] -> ma

nfilter :: MonadPlus m=> (a -> Bool) -> ma -> ma

filterM:: Monad m=> (a -> mBool) —-> [a] -> m[a]

mapAndUnzi pM:: Monad m=> (a -=> m (b, ¢)) ->[a] -=> m([b], [c])

ZipWthM:: Monad m=> (a -=> b -=> mc) ->[a] -> [b] -> m|[c]

zipWthM_:: Minad m=> (a -=> b -> mc) —->[a] -—> [b] —> m ()

foldM:: Monad m=> (a -=> b ->ma) ->a ->[b] > ma

foldM_ :: Monad m=> (a -=> b ->ma) ->a ->[b] -> m()

replicateM:: Monad m=>Int -=> ma -> m/[a]

replicateM :: Monad m=>1Int -> ma —-> m ()

Prel udel O

data 10O a = ..

type FilePath = String

put Char Char -=> 10 ()

putStr, putStrLn String —> 10 ()

pri nt Showa = >a -> 10 ()

get Char ;. 10 Char

getLine, getContents :: 10 String

i nt eract cr (String => String) —> 10 ()
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readFil e . FilePath —> 1O String

witeFile :: FilePath —> String —> 10 ()

appendFi | e % FilePath —> String —> 10 ()

readl O ;. Read a = > String —>IOa
readlO s = case [x | (xt) <-reads s, ("","") <—lex t] of

[X] —> return X
[l ->ioError (userError "Prelude.readl O no parse")
—> joError (userError "Prelude.readl G anbi guous parse")
readLn :: Read a => 10 a

readLn = do | <- getlLine

r <- readl Ol

return r
data | OError -— 1 O exceptions
catch :: 10a —> (ICerror -=>10a) ->10a

Modul e System | O

data Handle = ... —— inplenentation-dependent
data Handl ePosn = ... —— inplenmentati on-dependent
dat a | Ovbde ReadMbde | WiteMde | AppendMode | ReadWit eMbde

dat a Buff er Mode
dat a SeekMbode

NoBuffering | LineBuffering | BlockBuffering (Maybe Int)
Absol uteSeek | Rel ativeSeek | SeekFronEnd

stdin, stdout, stderr :: Handle

openFil e .. FilePath -> | Owde -> | O Handl e

hC ose ;. Handle —> 10 ()

hFi |l eSi ze ;. Handle -> 1 O I nteger

hl sECF ;. Handle -> 10O Bool

i SECF = hlIsgECF stdin

hSet Buf f eri ng .. Handle -> BufferMode -> 10 ()

hGet Buf f eri ng .. Handle -> 10 BufferMde

hFl ush :: Handle -> 10 ()

hGet Posn :: Handl e -> 1 O Handl ePosn

hSet Posn ;. Handl ePosn -> 10 ()

hSeek .. Handl e -> SeekMbde -> Integer —> 10 ()
hWai t For | nput .. Handle -> Int —-> | O Bool hReady h = hWaitForlnput h 0
hGet Char ;. Handle —> 1 O Char

hGet Li ne :: Handle -> 10 String

hLookAhead > Handle —> 1O Char

hGet Cont ent s ;. Handle —=> 1O String

hPut Char :: Handle -> Char —> 10 ()

hPutStr, hPutStrLn :: Handle —> String -> 10 ()

hPri nt :: Showa = > Handle —=> a —> 10 ()

hl sCpen, hl sC osed, " hl sReadabl e, hlsWitable, hlsSeekable :: Handle -> | O Bool

—— GHC ext ensi ons

hSet Bi nar yMobde ;. Handle -> Bool -> 10 ()

hSet Encodi ng ;. Handl e —-> TextEncoding —> 10 ()

| ocal eEncodi ng . Text Encodi ng

latinl, utf8, utf8 bom utfl6{,le,be}, utf32{,le,be} :: TextEncoding

nkText Encodi ng i String —> | O Text Encodi ng

hSet Newl i neMbde :: Handle -> New i neMbde —> 10 ()

data New i neMbde = Newl i neMbde { inputNL :: Newline, outputNL :: Newline }
data New i ne = LF | CRLF

nati veNewl i ne .. Newline

noNew i neTr ansl ati on
uni ver sal New i neivbde
nati veNew i neMbde

New i neMode { i nput NL

Newl i neMode { input NL

Newl i neMode { input NL
, out put NL

LF, outputNL = LF }

CRLF, outputNL = nativeNew i ne}
nati veNewl i ne

nati veNewl i ne }

Modul System Envi ronnment

getArgs :: 1O [String] withArgs :: [String] > 10a -> 1QCa
getProgName :: 10 String withProgNane :: String -=>10a ->10a
getEnvironment :: IO [(String, String)]
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Obecné pol e Data.Array. | Array
class Array a e where ...
funkcearray, listArray, accumArray, !, bounds, //, amap, ixmap
instance IArray Array e
v Data. Array. Unboxed je instance | Array UArray boxed
boxed mizebyt Bool Double Float Char Int Int{8,16,32, 64} Wrd Wrd{8, 16, 32, 64}
# Rozdilovapolev Dat a. Array. Di ff, pfistup a modifikace negjnovéisi verze jev O(1)
instance |Array DiffArray e
instance | Array D ffUArray boxed

Rychl a pol e v nonade

class (Monad m => MArray a e m where

getBounds :: Ix i =>ai e ->m¢(i,i)

newArray :: Ix i => (i,i) =>e ->m(ai e)

newArray_ :: Ix i =>(i,i) =>m(ai e)
newLi stArray :: (MAray aem Ix i) => (i, i) —>[e] =>m(ai e)
readArray :: (MAarray aem Ix i) =>ai e ->i ->me
witeArray :: (MArray aem Ix i) =>ai e —>i ->e ->m()
getel ens, getAssocs, mapArray, maplndices
freeze,unsafeFreeze :: (Ix i, Marray aem |IArray be) =>ai e ->m(bi e)
thaw, unsafeThaw :: (Ix i, IArray a e, MArray be m =>ai e >m(bi e)
permute :: (MArray aem =>[Int] -=>alnt e -=> m(a lnt e)
pernmute p arr = let pa = listArray (0, length p - 1) p

pi = (pa!)

in do bnds <- getBounds arr
mapl ndi ces bnds pi arr

permute p a = do res <- getBounds a >>= newArray_
permute’ O p res
where pernute’ _ [] res = return res
permute’ i (j:p) res = do readArray a j >>= witeArray res i
pernute’ (i+1l) p res

ST nonada
Existuje monada Cont r ol . Monad. ST stypemdat a ST s a. Takéexistuje funkce
runST :: (forall s. ST s a) —> a, kterdprovede vypoCet. VSimnétes tohoforal | ...
stTolO :: ST RealWorld a —> 10 a

nmodul e Dat a. STRef

newSTRef :: a —> ST s (STRef s a)

readSTRef :: STRef s a —> ST s a

witeSTRef :: STRef s a -=> a —> ST s ()

nodi fySTRef :: STRef s a —> (a —> a) —> ST s () readSTRef >> writeSTRef

swap a b = do a' <-readSTRef a; b’ <-readSTRef b; witeSTRef a b'; witeSTRef b a’

A v modulu Dat a. Ar ray. ST jsou pole uvnitr ST monéady:

data STArray s i e; data STUArray s i e
instance MArray (STArray s) e (ST s); instance MArray (STUArray s) boxed (ST s)
count :: [Int] -> Array Int Int Reknéme, ze Cislajsou 0..9
count n = runSTArray $ do a <- newArray (0,9) O
mapM_ (\i->readArray a i >>= witeArray ai . (+1)) n
return a

array bnds assocs = runSTArray $ do a <- newArray_ bnds
mapM_ (uncurry $ witeArray a) assocs

return a
runSTArray :: Ix i=>(forall s. ST s (STArray si €e)) —> Array i e
runSTUArray :: Ix i => (forall s. ST s (STUArray s i e)) -—> UArray i e
freeze :: (Ix i, Mrray aem IArray be) =>ai e->m(bi e)
thaw :: (Ix i, IArray a e, MArray bem =>ai e ->m(bi e)
unsafeFreeze :: (Ix i, Mrray ae m |Array be) =>ai e ->m(bi e)
unsafeThaw :: (Ix i, IArray ae, Marray be m =>ai e ->m(bi e)

Tyto funkce funguiji efektivné pro { ST, | Gt Array<->Array, {ST, |G UArray<->UArray
runSTArray starr = runST (starr >>= unsaf eFreeze)




