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Control . Parall el

seq :: a->b -—>b>D par :: a ->b ->0b
pseq :: a —>b ->b pseq a b = a ‘seq’ lazy b
parMap f [] =[]
parMap f (x:xs) =y ‘par’ (ys ‘pseq’ y:ys)
where y = f x
ys = parMap f Xxs

data Eval a = Done a  striktné vyhodnocovana monéda
type Strategy a = a —> Eval a

using :: a —> Strategy a —> a

X ‘using' strat = runEval (strat x)

ro .: Strategy a ro x =return x

rseq :: Strategy a rseq x = x ‘pseq‘ return x
rdeepseq :: NFData a => Strategy a rdeepseq x = rnf x ‘pseq’ return X
rpar :: Strategy a rpar x = x ‘par‘ return x

parList :: Strategy a —> Strategy [a]

parList strat [] = return []

parList strat (x:xs) = do x’ <- rpar X
Xs' <- parlList strat xs
return $ x’ : Xxs’

parMap :: Strategy b -> (a -=> b) ->[a] —-> [b]
parMap strat f = (‘using’ parList strat) . map f

Dynam cké typy v GHC, Data. Typeabl e
data TypeRep
data TypeCon
cl ass Typeabl e a where
typedF :: a —> TypeRep
cast :: (Typeable a, Typeable b) => a -> Maybe b
gcast :: (Typeable a, Typeable b) => c a -> Maybe (c b)

nkTyCon ;. String —-> TyCon

nk Ty ConApp ;. TyCon —> [ TypeRep] -> TypeRep
nkAppTy :: TypeRep —> TypeRep —-> TypeRep
nkFunTy .. TypeRep —> TypeRep —-> TypeRep
splitTyConApp :: TypeRep —-> (TyCon, [TypeRep])
funResul t Ty .. TypeRep —> TypeRep —> Maybe TypeRep
typeRepTyCon :: TypeRep -> TyCon

t ypeRepAr gs ;. TypeRep —> [ TypeRep]

cl ass Show k => Key k

data SonmeKey = forall k . Key k => SoneKey k
i nstance Key Bool

i nstance Key String

[ SoneKey True, SomeKey "cau" ]

tolnt :: SomeKey —-> Maybe I nt
tolnt (SoneKey k) = cast k

Vyjinky v GHC, nodul Control.Exception

data SonmeException = forall e . Exception e => SoneException e

class (Typeabl e e, Show e) => Exception e where
t oException :: e —> SonmeException
fromeException :: SoneException —> Maybe e
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% Funkce pro préci s vyjimkami

throw :: Exception e => e —> a

throm O :: Exception e =>e -> 10 a

catch :: Exception e =>10a > (e —>10a) —>10a

catch (readFile f)

(\e —> do let err = show (e :: | OException)

hPut Str stderr ("Warning: Couldn’t open " ++ f ++ ": " ++ err)
return "")

cat chJust .. Exception e => (e -> Maybe b) > 10a > (b ->10a) ->10a
handl e .. Exception e => (e -=>10a) —>10a —>10a

handl eJust :: Exception e => (e -> Maybe b) -> (b -> 10a) > 10a > 10 a
try .. Exception e =>10a -> O (Either e a)

tryJust .. Exception e => (e —> Maybe b) -> 10 a —> IO (Either b a)
finally . 10a —>10b ->10a

onException :: 10a > 10b > 10 a

br acket . 10a —>(a->10b) > (a->10c) —>10c

wi thFil e nane node = bracket (openFile nanme node) hd ose

assert :: Bool -> a -> a

% Standardni hierarchie vyjimek

data | OException

data ArithException = Overfl ow Underfl ow LossO Preci si on| Di vi deByZer o| Denor nal
data ArrayException = | ndexQut Of Bounds String | UndefinedEl ement String

data AssertionFailed = AssertionFailed String

dat a AsyncException = StackOverflow | HeapOverflow | ThreadKilled | Userl nterrupt
data NonTerm nation = NonTerm nation

data NestedAtom cally = NestedAtom cally

dat a Bl ockedOnDeadMWar = Bl ockedOnDeadMWar

dat a Bl ockedl ndefinitely = Bl ockedl ndefinitely

dat a Deadl ock = Deadl ock

data PatternMatchFail = PatternMatchFail String

dat a RecConError RecConError String

data RecSel Error RecSel Error String

dat a RecUpdErr or RecUpdError String

data ErrorCall = ErrorCall String

» UZivatel sky definovana jednoducha vyjimka
dat a MyExcepti on = Thi sException | That Exception deriving (Show, Typeabl e)
i nstance Exception MyException

» UZivatelsky definovand hierarchie vyjimek

Predek vSech vyjimek v kompilatoru.

data SomeConpil er Exception = forall e . Exception e => SoneConpil er Exception e
deriving Typeabl e

i nstance Show SomeConpi | er Excepti on where show ( SoneConpi | er Exception e) =show e

i nstance Exception SomeConpil er Excepti on

conpi | er Excepti onToException :: Exception e => e —> SoneException
conpi | er Excepti onToExcepti on = toException . SoneConpil er Excepti on
conpi | er Excepti onFronException :: Exception e => SoneExcepti on -> Maybe e
conpi | er Excepti onFronExcepti on x = do SoneConpi |l er Excepti on a <- fronmkException X
cast a
Podtfida SomeConpi | er Except i on, aletake jesté pfedek dalSich vyjimek.
data SoneFrontendException = forall e . Exception e => SonmeFrontendException e
deriving Typeabl e
i nstance Show SomeFront endExcepti on where show ( SoneFront endException e) =show e
i nstance Exception SoneFront endException where
t oException = conpil er Excepti onToExcepti on
fronExcepti on = conpil er Excepti onFromExcepti on
front endExcepti onToExcepti on = toException . SonmeFrontendException
front endExcepti onFronmExcepti on x = do SomeFr ont endExcepti on a <- fronkException X
cast a
Konkrétni vyjimka, potomek SomeFr ont endExcept i on.
data M snat chedPar ent heses = M snat chedPar ent heses deriving (Typeabl e, Show)
i nstance Exception M smat chedPar ent heses where
t oExcepti on frontendExcepti onToExcepti on
fromException front endExcepti onFr onmExcepti on
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Vi cevl aknové progranovani v GHC, Control . Concurrency

data Threadl d

nyThreadld :: 10 Threadld

forkl O 2 10 () —> 10 Threadld

kill Thread :: Threadld -> 10 ()

t hr owTo .. Exception e => Threadld -> e —> 10 ()

yield 0 10 ()

threadDelay :: Int => 10 ()

nergelO :: [a] —> [a] -> 10 [a]

nmergelO :: [[a]] —> 10 [a]

testl m= do threadDel ay 3000000 wl = do ml <-newEnptyMvar
put StrLn "b" n2 <-newknpt yMWar
put Mar m () nB8 <-newEnpt yMWar

test2 m= do threadDel ay 1000000 forklO (testl ml)
putStrLn "a" forkl O (test2 nR)
put Mar m () forkl O (test3 nB)

test3 m= do threadDel ay 5000000 t akeMvar il
putStrLn "c" takeMvar nR
put Mar m () t akeMvar n8

Pri kompilaci s-rt sopt s -t hr eaded |ze program spustit pomoci +RTS —N, pfipadné +RTS —N8
aHaskell bude pouzivat vice systémovych viaken.

Problém: synchronizace proménnych mezi vliakny:

inc :: IORef Int => 10 ()

inc ref = do v <- readl ORef ref
witel ORef ref (v + 1)

main = do ref <- newl ORef O
sequence_ (replicate 100000 $ forklO $ inc ref)
t hreadDel ay 1000
v <- readl ORef ref
print v
Funkce mai n vypisuje: 94921 91195 94900 91211

nodul e Control . Concurrent. Mvar

data War a

newwar :: a —> 10 (Mar a)
neweEnptyMWar :: 10 (MWar a)
takeMvar :: War a -> 10 a
putMWar :: Mvar a -=> a —> 10 ()
readMWar :: MWar a -> 10 a
swapMar :: War a -> a —> [0 a

tryTakeMar :: MWar a —-> |1 O (Maybe a)
tryPutMar :: Mar a -> a —> | O Bool
i sEnptyMvar :: MWar a —-> | O Bool

withWwar :: MWar a -=> (a -=>10b) > 10D
nodi fyMar _ :: Mar a —> (a -=> 10a) -> 10 ()
modi fyMWar :: War a -=> (a => 10O (a, b)) > 10b

inc :: Mvar Int -> 10 ()
inc var = do v <- takeWwar var
put War var (v + 1)

main = do var <- newWar 0
sequence_ (replicate 100000 $ forklO $ inc var)
t hreadDel ay 1000
v <- takeMWar var
print v
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& Ukoncovani programu —— jakmile skonéi mai n, skonci vdechno. Mizeme tomu samoziejmé zabranit:
{-# NO NLINE children #-}

children :: MWar [War ()]

children = unsafePerform O (newiWar [])

wai t For Chil dren = takeMar children >>= mapM_takeMar

forkChild :: 10 () -> 10 Threadld
forkChild io = do nvar <- newknptyMWar
mvars <- takeMar children
put W\ar children (nvar:nmvars)
forklO (io ‘finally’ putWar nvar ())

main = do ...
wai t For Chi | dren
nodul e Control . Concurrent. QSem nodul e Control . Concurrent. QSenmN
data QSem data QSenN
new@em:: Int —> 10 QSem new@emN :: Int -> | O QSenmN
wai t@Bem:: QSem —> 10 () wait QSenmN :: @SenmN —> Int -> 10 ()
signal @Sem :: @em —> [0 () signal @SenmN :: QSemN —> Int —> 10 ()

nodul e Control . Concurrent. Chan
data Chan a

newChan :: 10O (Chan a)
witeChan :: Chan a -=> a -> 10 ()
readChan :: Chan a —=> 10 a

dupChan :: Chan a -> IO (Chan a)
unCGet Chan :: Chan a —=> a —> 10 ()

i sEnptyChan :: Chan a —> | O Bool

I mplementace
type Streama = War (Chltem a)
data Chltema = Chltema (Stream a)
data Chan a = Chan (Mvar (Streama)) (Mar (Stream a))
newChan = do hole <- newknptyMWar
readvar <- newWar hol e
witeVar <- newiWar hole
return (Chan readVar writeVar)
witeChan (Chan _ witeVar) val = do new_hol e <- newEknptyMWar
modi fyMar _ witeVar $ \old_hole -> do
put Mvar ol d_hole (Chltem val new_hol e)
return new hol e
readChan (Chan readvar ) = do nodi fyMWar readVar $ \read end -> do
(Chltemval new read _end) <- readMWar read_end
-— Use readWar here, not takeMar, else dupChan doesn’t work
return (new read _end, val)
dupChan (Chan _ witeVar) = do hole <- readMvar witeVar
newReadVar <- newWar hol e
return (Chan newReadVar writeVar)

Net wor k a sockety, high-level interface

»Klient:
i mport Network; inmport System|O
mai n = w t hSocketsDo $ do

handl e <- connectTo "atrey" (PortNunmber 13)

hSet Newl i neMbde handl e uni ver sal New i neMode

str <- hGet Contents handl e

putStr str

& Server:
i mport Control.Mnad; inmport Control.Concurrent; inport Network;inport SystemI|O
main = wi thSocketsDo $ do socket <- listenOn (PortNunmber 13)
forever (accept socket >>= forkl O . respond)
where respond (handle, hostnane, port) = do
hPut StrLn handle $ "Connection from" ++ hostnane ++ ":" ++ show port
hCl ose handl e




