09/ptfp09.hs, page 1

ST nonada
Existuje monada Cont r ol . Monad. ST stypemdat a ST s a. Takéexistuje funkce
runST :: (forall s. ST s a) —> a, kteraprovede vypocet. Viimnete s tohof oral | ...
stTolO :: ST RealWrld a -=> 10 a
ProtoZe ve skutecnosti je | Omonéadajenom ST Real Wor d, popsané odkazy apolei v monadé|l O
jsou specidlni pripad nyni popisovanych poli aodkaz(i v ST monadé.

nodul 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 ()

nodi fySTRef ref f = witeSTRef ref . f =<< readSTRef ref

swap: : STRef s a->STRef s a->ST s ()

swap a b = do x<-readSTRef a; y<-readSTRef b; witeSTRef a y;, witeSTRef b x

A v modulu Dat a. Arr ay. ST jsou pole uvnitf ST monady:
data STArray s i e

data STUArray s i e

i nstance MArray (STArray s) e (ST s)
instance MArray (STUArray s) boxed (ST s)

runSTArray::Ix i=>(forall s. ST s (STArray s i e)) -> Array i e

runSTUArray :: Ix i => (forall s. ST s (STUArray s i e)) —> UArray i e

newArray ::...=>(i, i)->e->m(a i e) newListArray::...=> (i, i)->[e]->m(a i e€)
readArray::...=>a i e->->me witeArray ::...=>ai e —>I->e-> m|()
getBounds::...=>a i e->m (i, i); getElens::...->m[e]; getAssocs::...—>m|[(i,e)]

count::[Int]->Array Int Int  Reknéme Ze¢islajsou 0.9
count n = runSTArray $ do a <- newArray (0,9) O

mapM_ (\i->readArray a i >>= witeArray ai . (+1)) n
return a
freeze :: (Ix i, Mhyray aem |IArray be) =>ai e->m(bi e)
thaw :: (Ix i, IArray a e, Mhrray bem =>ai e ->m(bi e)
unsafeFreeze :: (Ix i, Mrray ae m |Array be) =>ai e ->m(bi e)
unsafeThaw :: (Ix i, IArray a e, Mrray ben =>ai e->m(bi e)

Tyto funkce funguiji efektivné pro konverze
Data. Array. |1 O. 1 QUArray <-> Data. Array. Unboxed. UArr ay
Dat a. Array. ST. STUArray <-> Data. Array. Unboxed. UArr ay
Data. Array. | O 1 QArray <—> Data. Array. Array
Data. Array. ST. STArray <-> Data. Array. Array

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

runSTArray starr = runST (starr >>= unsaf eFreeze)

i mport Control . Mnad
i mport Data.Array.|Array
i nport Data. Array. ST

perfornmSwaps a swaps = runSTArray $
do b <- newArray_ (bounds a)
forM (indices a) $\i —> witeArray b i (ali)
forM swaps $ \(i,j) —> swapArray b i j
return b

where swapArray b i j = do x <- readArray b i
y <- readArray b |j
witeArray b i vy
witeArray b j x
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cl ass Monad where ..

sequence
sequence_
mapM
mapM_

when
unl ess

ap

guard
nmsum

mapAndUnzi pM
Zi pWt hM

zi pWthM_
fol dM
filterM

liftM

liftMe
liftMB
liftwa
liftM

(>=>)
forever
forM

forM
replicateM
replicateM.
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MonadPl us m => Bool
MonadPl us m => [ m a]
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Mbonadi cké funkce v Prel ude
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=>
=>
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=>

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

Monad
Bool > m () -—> m ()
Bool -—> m() -> m{()
m(a ->b) -=>ma ->mb

> m ()

-> ma
(a =>m(b,c)) —>[a] —> m([b], [c])
(a =>b ->mc) ->[a] ->[b] —> m[c]
(a =>b ->mc) ->[a] —> [b] —> m()
(a—>b ->ma) —>a ->[b] -> ma
(a => mBool) ->[a] —> m[a]
(a > b) —> (ma —-> mb)
(a—>b->c¢c) >(ma ->mb -> mc)
(a—>b->c -—>d) —>
(ma ->mb ->mc -> md)
(a—>b->c ->d ->¢e) —>
(ma->mb ->mc > md -> me)
(a—>b->c-—>d->e >f) >
(ma->mb ->mc ->md ->me -> mf)

Control . Monad

(a —>mb) > (b ->mc) ->a ->mc
ma -> mb
[a] > (a -=> mDb) —-> m[b]
[a] > (a => mb) -> m()
Int => ma -> m|a]
Int => ma -> m ()




