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Control . Concurrent. STM

data STM a
data TVar a
newlvVar :: a -> STM (TVar a) newlvVarlO:: a —> | O (TVar a)
readTVar :: TVar a -> STM a readTVarlO :: Tvar a -=> 10 a

witeTVar:: TVar a —> a —> STM ()
atomcally:: STMa -> 10 a

& Synchronizace
incS :: TVar Int —> @enN —> 10 ()
incS x s = do atomically $ do v <- readTVar x
witeTVar x (v + 1)
signal @SemN s 1

dolncS :: Int => TVar Int -> 10 ()

dolncS nr = do s <= new@enN 0
replicateM n $ forklO (incSr s)
wai t QSenN s n

W3 = do r <- atomically (newTVar 0)
dol ncS 100000 r
X <— atomcally (readTVvar r)
put StrLn (show x)

# Dalsi operace s transakcemi

retry :: STM a

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

throwSTM :: Exception e => e -> STM a

catchSTM :: Exception e => STMa -> (e —> STMa) -> STM a

# Financni transakce

transfer :: Account —-> Account —-> Int -> 10 ()

transfer fromto anmount = atomically $ do wi thdraw from anount
deposit to anount

type Account = TVar |nt

withdraw :: Account -> Int —> STM ()
wi t hdraw from anount = do bal <- readTVar from
writeTVar from (bal - anount)

l[imtedWthdraw from anmbunt = do bal <- readTVar from
if ampbunt > 0 && anopunt > bal
then retry
else witeTvar from (bal - anmount)

# Cekani naudélost

produce :: TVar [Int] —> Int => 10 ()

produce q n = atomically $ do s <- readTVar q
witeTVar g (n : s)

consume :: TVar Int => TVar [Int] -> 10 ()
consume e q = do s <- atomcally $ do | <- readTVar q
if length | < 100 then retry
el se do witeTVar g (drop 100 |)
return (take 100 1)
put StrLn (show $ sum s)
atomically $ do k <- readTVar e
witeTVar e (k-1)

wl = do s <- atomically (newlVar [])
e <- atomcally (newlVar 10)
replicateM 10 (forklO $ consune e s)
forM [1..1000] $ forklO . produce s
atomcally $ do ne <- readTVar e Existuje natoi funkce:
when (ne /= 0) retry check (ne == 0)
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# Dal§i transakeni struktury

Control . Concurrent. STM TArray obsahuje data TArray i e

Control . Concurrent. STM TChan obsshuje data TChan a smetodami

newTChan: : STM (TChan a),readTChan:: TChan a->STM a,w it eTChan:: TChan a->a->STM ()

Tenpl at e Haskel |

& Funkce sCitgjici dany pocet argumentd
{-# LANGUAGE Tenpl at eHaskel | #-}
i mport Language. Haskel | . TH

sel i n = do

a <- newNane "a"

lanE [if i’==i then varP a else wildP | i’<-[1..n]] (varE a)
Potom$(sel 2 5)je\_a 0 _ = ->a 0 :: t—>tl1->t2->t3->t4->t1
data Name

mkName :: String —> Name

newNane :: String —-> Q Nane
nameBase :: Name —-> String
nameModul e :: Name —-> Maybe String
' funkce vréti Nane od funkce ve scope
"’typ  vréti Nane od typu ve scope

Pomoci $( néco typu ExpQ sevlozi vyraz do kédu
type ExpQ = Q Exp; data Exp = VarE Nane | ConkE Name | LitE Lit | AppE Exp Exp |
I nfi XE (Maybe Exp) Exp (Maybe Exp) | LankE [Pat] Exp | TupE [ Exp] |
CondE Exp Exp Exp | LetE [Dec] Exp | CaseE Exp [Match] | DoE [Stnt] |
CompE [Stnmt] | ArithSeqE Range | ListE [Exp] | SigE Exp Type |
RecConE Nane [ Fi el dExp] | RecUpdE Exp [ Fi el dExp]

Patterny jsou typu Pat Q

type PatQ = Q Pat; data Pat = LitP Lit | VarP Nane | TupP [Pat] |
ConP Nane [Pat] | InfixP Pat Nanme Pat | TildeP Pat | BangP Pat |
AsP Narme Pat | WIdP | RecP Nane [FieldPat] | ListP [Pat] |
Si gP Pat Type | ViewP Exp Pat

Typ[] ... |] jeExpQ
suml1l = [| i1d |
sumn = [| \x => $(sum (n-1)) . (+ x) |]

Vghci je:t $(sum 3) typu(Numa) =>a -> a -> a -> a.:t sumje(Numt) =>t -> ExpQ

Vghci$ vrati-} $(stringE . pprint =<< sum 3)
\x_0->(\x_1->GHC. Base.id GHC. Base.. (GHC. Num + x_1)) GCGHC Base.. (GHC. Num + x_0)

# Druhy pokus
sumn = do
Xs <— replicateMn (newNane "x")
lanE (map varP xs) $ foldr (\x sum-> [| $(varE x) + $sum|]) [|O]] xs
Vghci$ vrati-} $(stringE . pprint =<< sum 3)
\x_ 0 x_1 x 2 ->x_0 GHC. Num + (x_1 GHC. Num + (x_3 GHC. Num + 0))

# Funkce map nai-tou polozku n—tice
tmap i n = do
as <- replicateMn (newNane "a")
[| \f —> $(lanE [tupP (map varP as)] $
tupE [ if i==i" then [| f $a |]
el se a
| (a,i’) <- map varE as ‘zip' [1..] 1)I|]

% Typovany pri nt f
printf str = printf’ str [| [] |]

wher e

printf’ [] a = a

printf’ ("%:'s’:ss) a =[] \s —> $(printf’ ss [| $a ++ s |1 I1]
printf’ ("%:'d :ss) a =[] \d —> $(printf’ ss [| $a ++ (show d) []) |]
printf’ (c:ss) a = printf’ ss []| $a ++ [c] |]
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Kodprintf "Ahoj % %" seexpandujena
\d 0 >\s 1 —>
(((((((CGHC. Types.[] GHC.Base.++ ['A']) GHC. Base.++ ['h']) GHC. Base.++ ['0'])

GHC. Base. ++ ["j’]) GHC Base.++ [’ ']) GHC Base.++ GHC. Show. show d_0)
GHC. Base. ++ [' ']) GHC Base.++ s_1

printf str = do (vars, code) <- printf’ str
| anE vars code
where printf’ [] = return ([1, I 01 1D
printf’ (79 :ss) = do var <- newName "s"
(vars, code) <- printf’ ss
return (varP var:vars,[|$(varE var) ++ $code|])
printf’ ("%:’d :ss) = do v <- newNanme "d"
(vs, code) <— printf’ ss
return(varP v:vs,[|show $(varE v) ++ $code|])
-— return(sigP (varP v) [t|Int|]:vs,[]|show $(varE v) ++ $code|])
printf’ (c:ss) = do (vars, code) <- printf’ ss
return (vars, [| ¢ : $code |])

Kédprintf "Ahoj % %" seexpandujena

\d 0s 1 ->"4a GHC.Types.: ("h” GHC Types.: ('0" GHC Types.: (’j' GHC Types.:
(" ' CGHC Types.: (CGHC Show.show d_0 GHC Base.++ (' ' GHC Types.:
(s_1 GHC Base. ++ GHC. Types.[1)))))))

[t] ... |] vytv&i TypeQ

[d] ... |] wvytvafi DecQ

& Zkoumani datovych typd pomoci r ei f y
reify :: Name —> Q Info
data Info = Cassl Dec [C asslnstance] | CassOpl Nane Type Nane Fixity |
TyConl Dec | PrinTyConl Nanme Int Bool | DataConl Nane Type Nanme Fixity |
Varl Nane Type (Maybe Dec) Fixity | TyVarl Name Type
reify '’ Maybe = TyConl (DataD [] Data. Maybe. Maybe [Pl ai nTV a]
[ Nor mal C Dat a. Maybe. Not hing [],
Nor mal C Dat a. Maybe. Just [(NotStrict,VarT a)]] [])

reify "foldr = Varl GHC. Base.foldr (Forall T [PlainTV a,PlainTV b] [] (AppT (AppT
ArrowTl (AppT (AppT Arrowl (VarT a)) (AppT (AppT ArrowTl (VarT b)) (VarT b)))) (A
ppT (AppT Arrowl (VarT b)) (AppT (AppT Arrowl (AppT ListT (VarT a))) (VarT b))))
) Nothing (Fixity 9 InfixL)




