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Vi cevl aknové progranovani

Modul 10
type | CError = | OException
userError :: String —>I(JError
i SAl readyExi stsError:: | Cerror -> Bool
i sDoesNot Exi stError :: |OError —> Bool
i SAl readyl nUseError :: [OError —> Bool
i sFul | Error ;. |1 CError —> Bool
i SECFErr or .. | CError —> Bool
islllegal Operation :: I[OError —> Bool
i sPerm ssi onError ;. |1 CError —> Bool
i sUser Error .. | CError —> Bool
i oError OCError —=> 10 a
cat ch : 10a —> (ICerror -=> 10a) > 10 a
try . 10a —> 10 (Either 1CError a)
bracket :: 10a > (a->10b) > (a —->10c) —>10c
bracket _ lIOa > (a->10b) =>10c -—>10c
do = c<-catch getLine (\e —> if 10 isEOFError e then return [] else ioError e)

Modul Dat a. Dynami ¢

nodul e Dat a. Typeabl e

toDyn .. Typeable a => a —> Dynarmic
fromDyn :: Typeable a => Dynanmic -> a —> a
fromDynam c: : Typeabl e a => Dynam c —> Maybe a

Modul Control . Exception

data Exception Ar| t hException| | OException|... deriving (Eq, Show, Typeabl e)
i oErrors .. Exception —-> Maybe | CError

arithExcepti ons: Exception —> Maybe ArithException

errorCalls . Exception —> Maybe String

dynExceptions :: Exception -> Maybe Dynam c

throm O :: Exception -> 10 a

throw :: Exception -> a I mimo 10 monédu

throwTo :: Threadld —> Exception —> 10 ()

assert :: Bool -> a -> a

cat ch . 10a —> (Exception -=> 10a)-> 10 a

handle :: (Exception -=>10a) ->10a ->10a

try . 1O0Oa —-> 10 (Either Exception a)

throwbyn :: Typeabl e exception => exception -> b

t hrowDynTo: : Typeabl e exception => Threadld -> exception —-> 10 ()
catchDyn :: Typeable exception => 10 a -> (exception -=>10a) -> 10 a
bl ock lIOa > 10 a Dédi se skrz forklO

unblock:: IOa -> 10 a K pouziti uvnitf bl ocku

bracket:: 10

a—> (a —>10b)->(a >10c)—>10c
e after thing = block (do a <- before
r <— catch (unblock (thing a))
(\e->do { after a; throwe })

bracket befor

after a
return r)
finally:: T1Oa->10b->10a
a ‘finally' sequel = block (do r <- catch (unbl ock a)
(\e —> do { sequel; throw e })
sequel
return r)
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Modul Control . Parall el

par :: a > b ->b
pseq:: a-> b-> b

Modul Control . Concurrency

data Threadld deriving (Eq, Od, Show)

nmyThreadld :: 10 Threadld

nunCapabilities :: Int +RTS -N

forkl O 2 10 () —> 10 Threadld

forkOnlO :: Int => 10 () -> 10 Threadld {-je v @HC. Conc@}
Kill Thread :: Threadld -> 10 ()

yield o 10 ()

t hr eadDel ay o Int => 10 ()

threadWitRead :: Fd -> 10 ()

threadWaitWite :: Fd -=> 10 ()

Cont rol . Concurrent. MWar

data War a

neweEnmptyMvar :: 10 (Mar a)

newwar :: a -> |10 (MWar a)

takeMvar :: War a -> 10 a

putMWar :: Mvar a -=> a —> 10 ()
tryTakeMvar :: MWar a —-> | O (Maybe a)
tryPutMWar :: Mar a -> a —> | O Bool
i SEnptyMar :: War a —> | O Bool

withWwar :: MWar a -=> (a -=>10b) -=>10b
withMWar mio = block $ do a <- takeMvar m
b <- Exception.catch (unblock (io a))
(Ve —> do putMWar ma; throw e)
put War m a

return b
modi fyMar _ :: War a => (a ->10a) —> 10 () Stejnéjakowi t hiWar exception safe
nodifyMar :: War a —=> (a > 10 (a, b)) > 10D
testl m= do threadDel ay 3000000; putStrLn "b"; putWar m ()
test2 m= do threadDel ay 1000000; putStrLn "a"; putMar m ()
test3 m = do threadDel ay 5000000; putStrLn "c"; putMar m ()

wl = do mlL <-newEnptyMar; nR <-newkEnptyMWar; nB8 <-newknptyMar
forklO (testl nl); forklO (test2 nR); forklO (test3 nB)
t akewar i, t akewar ng; t akeMvar n8

Control . Concurrent. QSem

data QSem
new@Sem :: Int —=> 10O Q@Sem
wai t QSem :: QGem —> |

: O ()
signal @Sem: QSem —> 10 ()

Stfeva QSenu
newt ype QSem = Sem (MWar (Int, [MWar ()]))
new@Seminit = do sem<- newWwWar (init,[])
return (QSem sen)
wai t @Sem (QSem sem) = do (avail, bl ocked) <- takeMWar sem -- gain ex. access
if avail > 0 then putMWar sem (avail-1,[])
el se do bl ock <- newknptyMar
put W\War sem (0, bl ocked++[ bl ock])
t akeMvar bl ock
si gnal @Sem (@Sem sem) = do (avail, bl ocked) <- takeMvar sem
case bl ocked of [] —> putMWar sem (avail +1,[])
(bl ock: bl ocked’) -> do
put Mvar sem (0, bl ocked’)
put War bl ock ()
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Control . Concurrent. Chan

data Chan a

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

i sEnptyChan :: Chan a —> | O Bool

Dalsi stfeva QSenu
data Chan a = Chan (Mvar (Streama)) (MWar (Streama))
type Streama = War (Chltem a)
data Chitema = Chltema (Stream a)
newChan = do hole <- newkEnptyMWar
read <- newiWWar hol e
wite <- newWar hole
return (Chan read wite)
witeChan (Chan _read wite) val = do new _hol e <- newEnptyMWar
nodi fyMar_ wite $ \old_hole —> do
put Mvar ol d_hole (Chltem val new_hol e)
return new hol e
readChan (Chan read wite) = do nodifyMWar read $ \read _end -> do
(Chltemval new read _end) <-readWar read_end
return (new_read_end, val)

Ale co synchronizace?
inc::10ORef |Int->QSem>I0 ()
inc x s = do v <- readl ORef x
witel ORef x (v + 1)
si gnal QSem s
dolnc::Int —=> IORef Int => 10 ()
dolnc nr = do s <- new@em
sequence_ (replicate n $ forklO (inc r s))
sequence_ (replicate n $ waitQSem s)
W2 = do r <- new ORef O
dol nc 100000 r
X <— readl ORef r
put StrLn (show x)

Control . Monad. STM

data STM a

atomcally:: STMa -> 10 a

retry :: STM a

or El se . STMa -> STMa -> STM a

catchSTM :: STM a -> (Exception -> STMa) -> STM a
data TVar a

newlvar :: a —-> STM (TVar a)

readTVar :: Tvar a —> STM a
witeTVar:: TVar a —> a —> STM ()

Synchronizace
incS:: TVar | nt->QSem->10 ()
incS x s = do atomically $ do v <- readTVar x
witeTVar x (v + 1)
signal @Sems 1
dolncS::Int -=> TVar Int => 10 ()
dolncS nr = do s <- new@em 0
sequence_ (replicate n $ forklO (incSr s))
sequence_ (replicate n $ waitQSem s)
W3 = do r <- atomically (newlVar O0)
dol ncS 100000 r
X <— atomcally (readTVvar r)
put StrLn (show x)
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Cekéani na udd ost

produce:: TVar [Int]->Int->10 ()
produce q n = do atomcally $ do s <- readTVar q
witeTVar g (n : s)
consune: : TVar Int->TVar [Int]->10 ()
consume e q = do s <- atomcally $ do | <- readTVar
if length | < 100 then retry
el se do witeTVar q (drop 100 |)
return (take 100 1)
put StrLn (show $ sum s)
atomically $ do k <- readTVar e
witeTVar e (k-1)
w4 = do s <- atomically (newlVar [])
e <— atonically (newlVar 10)
sequence_ (replicate 10 $ (forklO $ consune e s))
mapM_ (\n —> forkl O (produce s n)) [1..1000]
atomcally $ do ne <- readTVar e
if ne/=0then retry else return ()

UkoncCovani programu —— jakmile skon¢i main, skonci vSechno

Moznosti Upravy

nyForklO:: 10 () —> 10 (MWar ())

nmyForkl O io = do nvar <- newtEnptyMWar
forklO (io ‘finally’ putMWar nmvar ())
return mvar

Nebo jesté pohodingji
children :: MWar [MWar ()]
children = unsafePerform O (newiWar [])

wai t ForChil dren = do cs <— takeMvar chil dren
case cs of

[] -> return ()
mnms —> do putMar children ns
takeMvar m

wai t For Chi | dren

forkChild :: 10 () -> 10 Threadld
forkChild io = do nvar <- newknptyMWar
childs <- takeMar children
put Mar children (mvar: chil ds)
forklO (io ‘finally’ putMWar mvar ())
main = ... waitForChildren




