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Exi stenci &l ni datové typy a pol ynorfisnus vyssSich Tradu
data VWpocet a b =V (a->b)
data Wpocty a b = Vs (a->c) (c—->b) Tohlengde, c neni definované
data Wpocty a b = forall c. Vs (a->c) (c—>b)

class Player a where play::a—>10 ()

i nstance Pl ayer Human where ...

i nstance Player Al where ...

data PLAYER = forall a. (Player a)=>PLAYER a

zpracuj :: (a—>d) —>[ b] —>[ c] —>[ d]

zpracuj f bs cs = map f bs ++ map f cs

zpracuj (const 5) "ahoj" [1,2,3] byklidné mohlo fungovat, ae neotypuje se
zpracuj :: (forall a. a->d)->[b]->[c]->[d]

Dynam cké typovani v Haskel |l u, nodul Data. Typeabl e

cl ass Typeabl e a where typeO::a->TypeRep
data TypeRep = ... deriving (Eq, Show, Typeabl e)

cast :: (Typeable a, Typeable b) => a —> Maybe b
gcast :: (Typeable a, Typeable b) => c a —-> Maybe (c b)

St andardni nonolitick& pole s konstantnim pristupema |inearnim updaty

array i(Ix a)=>(a,a)->[(a,b)]->Array a b array (1,10) [(i,i)|i<-[1..10]]
l'i stArray ::(Ix a)=>(a,a)->[b]->Array a b IlstArray (1,10) [1..10]
accumArray:: (Ix i)=>(e->e’ ->e)—->e->(i,i)—>[(i, € )] ->Array i e

@D) ..(Ix a)=>Array a b->a->b

bounds i (Ix a)=>Array a b -> (a,a) indices: (Ix a)=>Array a b->[a]

el ens i (Ix a)=>Array a b —> [Db] assocs ::(Ix a)=>Array a b—->[(a, b)]
(n ri(Ix a)=>Array a b->[(a,b)]->Array a b a//[(1,2), (3,4)],ddaceou kopii

Polejsou lind v hodnotach — nevyhodnocuji, dokud nemusi.
Vicerozmérnapolepomociarray ((1,1),(100,100)) [((i,j),i+)]i<-[1..100],)<-[1..100]]

Rozdil ova pole, nodule Data.Array.Diff

Di ff Array sechovajako Arr ay, deumi délat Gpravy v O(1) a pfistupovat k posledni verzi v O(1).
Prakticky jsou ale vZzdy pomalgjSi nez stromy

Vyvazované strony, noduly Data. Map, Data.lntMap, Data.Set, Data.lntSet

Varianty | nt . .. mgji stegjné operace, e kliCejsou vzdy | nt y. Jsou stejné, jenom rychlejsi.
Ma

Set
nul | .. Set a—->Bool nul | ;. Map k a->Bool
si ze 1 Set a—>Int si ze ::Map k a—>Int
nmenber ;. Ord a=>a—->Set a->Bool nmenber . Ord k=>k->Map k a->Bool
i sSubset O : : Ord a=>Set a->Set a—>Bool (") ::Od k=>Map k a->k->a
enpty ::Set a enmpty ::Map k a
singleton ::a -> Set a singl eton: : k->a->Map k a
i nsert . Od a=>a->Set a—>Set a i nsert . Od k=>k->a->Map k a->Map k a
del ete O d a=>a->Set a—>Set a del ete 12O d k=>k->Map k a->Map k a

Pol e s konstantni m update, odkazy
Existuje monada Cont r ol . Monad. ST stypemdat a ST s a. Takéexistuje funkce
runST :: (forall s. ST s a) —> a, kteraprovede vypocet. VSimnete s tohof oral | ...
A v modulu Dat a. Arr ay. ST jsou pole uvnitf ST monady:
runSTArray::Ix i=>(forall s. ST s (STArray s i e)) -> Array i e

newAr r ay ::...:>(i, i)->e->m(a i e) newListArray::... => (1, i)->[e]->m(ai e)
readArray ..... =>a i e->i ->me vvrlteArray iL..=>alioe —>i >e>m()
get Bounds: : ... =>a i e->m (i, i); getEl ens::... ->m[e]; getAssocs::... >m[(i,e)]

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
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V modulu Dat a. STRef jsou reference uvnitf ST monédy:
newSTRef :: a —> ST s (STRef s a) readSTRef :: STRef s a->ST s a
witeSTRef :: STRef s a —> a —> ST s () nodifySTRef::STRef s a->(a->a)->ST s ()

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

ProtoZe ve skutecnosti je | Omonédajenom ST Real Wor d, existuji odkazy apolei v monadé|l O.

Odkazy jsou v modulu Dat a. | ORef (nahradte ve funkcich ST zal O), polejsouv Dat a. Array. | O.

S polemi se zachézi Uplné stejné, jenom nejdou "vyndat" z monady. Alef r eeze udéakopii v linearnim Case.
Obé pole magji spoleCnou tfidu MAr r ay z Dat a. Ar ray. MAr r ay, proto maji spolecné operace.

DFS na sto a jeden zpusob

Klasické pole —— DFS trva O(n2); rozdilové pole —— DFS trva O(n)
dnum: Array Int [Int]->Int->Array Int Int
dnumg s =d [s] (array (bounds g) [(i,-1)|i<-indices g]) O where

d[] m_=m

d (s:ss) mn = if ms==(-1) then d (g!'s++ss) (m/[(s,n)]) (n+l) else d ss mn
Vyvézeny strom, DFS trva O(m+n log n)
dnum.imap::Array Int [Int]->Int->IntMap Int Int
dnumimap g s = d [s] IntMap.enpty O where

d[] m_ =m

d (s:ss) mn

i f IntMap. not Menber s m
then d ((g's)++ss) (IntMap.insert s n m (n+l) else d ss mn
Neboxované pole v ST monadé, O(m)
dnumstu::Array Int [Int]->Int->UArray Int Int
dnumstu g s = runSTUArray $ newArray (bounds g) (-1) >>=d [s] O where
d[] _m=return m
d (s:ss) n m= do sn<-readArray ms
if sn==(-1) then witeArray ms n >> d (g!s++ss) (n+l) m
else d ss nm

Pole I'iné i v indexech, package LazyArray z Hackage

| Array (Il x i)=> (i,i)=>[(i,e)]—>Array i [¢€]
| ArrayMap ::(Ix i)=>([e]->e’)—>(i,i)->[(i,e)]->Array i €’
| ArrayFirst:: (Ix i)=> e —>(i,i)—>[(i,e)]—>Array i e

dnumla::Array Int [Int]->Int->Array Int Int
dnumla g s = marks where
list =d [s] O
ks = | ArrayFirst (-1) (bounds g) Iist
] j—
S

(s,n) : if n == mrks!s then d (g!s++ss) (n+l) else d ss n

%)
%)
N—r
S
1
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Cal c
i nport Char
i nport Control . Mnad
i mport Control.Mnad. | nstances

——Parser z mnul a
newt ype Parser ma = Parser {parse::String->m(a, String)}
i nstance Monad m => Monad (Parser n) where
return a = Parser (\s->return (a,s))
fail a = Parser (\_->fail a)
p >=f = Parser (\s—>parse p s >>=\(a,s’)->parse (f a) s’)
i nstance MonadPl us m => MonadPl us (Parser m where
neero = Parser (\_->neero)
a ‘nplus’ b = Parser (\s—->parse a s ‘nplus‘ parse b s)

—-—Basi c parsers

char: : MonadPl us m=>Parser m Char

char=Par ser (\s->case s of []->nzero; (c:cs)->return (c,cs))
chars: : MonadPl us m=>( Char —>Bool ) —>Par ser m [ Char]

chars p = Parser(\s—->return $ span p s)

—-—More high | evel combinators
spaces=chars i sSpace >> return ()
synbol s=spaces >> char >>= \c->guard $ c==s
nunmber =spaces >> chars isDigit >>= \n->if null n then nezero else return $ read n
multiple p op = p >>=\a->multiple’ p op a where
multiple’ p op a = (do o<-op; b<-p; multiple’ p op (a'o'b)) ‘nplus' return a

——EXxpr essi on parsi ng
addop = (do synbol "+'; return (+)) ‘nmplus' (do symbol '"-'; return (-))

mul op = (do synbol **’; return (*)) ‘nplus' (do synmbol '/’ ; return div) ‘nplus
(do synbol *%; return nod)
expop = do synmbol "7'; return (%)
expr last=nmultiple (nulexp | ast) addop
mul exp last=rmultiple (expo last) mnulop
expo last=rmultiple (termlast) expop
term | ast =nunber ‘ npl us’
(do synbol ' (’; res<-expr last; synbol ’')’; return res) ‘nplus’
(do symbol '1’; "a <-char; ’'s’'<-char; 't’<-char; return last)

main = getContents >>= eval 0 . |ines where

eval _ [] = return ()

eval | (e:es) = case parse (expr |I) e of Just (a,[])—->print a >> eval a es

ot herwi se->put St rLn" Chyba">>eval | es
Deno

i mport Array
——ponoci pol e
denorse = map nunRchar . code2num 1 where

code2num n [] =]

code2numn (']’ :s) =n code2num 1 s

code2numn (c:s) | ¢ ‘elem ".-" = code2num (2*n+if c=="-" then 1 else 0) s

ot herw se = code2numn s
norsenuns = listArray (1,31) " etiannmsurwdkgohvf~l ~pj bxcyzgq~~"

nun2char n = norsenuns!n

——ponoci stromu
data Miree = Nic | Z Char MIree MIree

denorse2 = deno norsetree where

demo _ [] =[] _ _
denmo N c str = deno norsetree $ tail $ dropWiile (/="]") str
demo (Z z | r) (c:s) | c=="|" = z : denp norsetree s
| ¢ ‘elem ".-" = deno (if c=="." then | elser) s
| otherw se =demo (Zz 1 r) s
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norsetree= Z' ' (Z'e (Z'i’ (Z's (Z’'h Nic Nic) (Z'v' Nic Nc))
(Z'u (Z'f° Nic Nic) Nic))
(Zz'a (Z'r” (Z'1l" Nic Nic) N c)
(Z'wW (Z'p" Nic Nic) (Z'j’ Nic Nic))))
('t (Z2'n (Z'd (Z’'b” Nic Nic) (Z’'x Nic Nc))
(Z'k"” (Z'y Nc Nic) (Z'c” Nc Nic)))
(Z'm (Z'0 Nc Ni c)
(2’9 (Z’z Nic Nc) (Z'g Nc Nc))))
Bal a
i nport Array
——ponoci pol

bala xs = maximum [ max-mn | (sum max)<-psuns, |let mn=mni!sum] where
n = length xs
psuns = zip (scanl (\x y->x+2*y-1) 0 xs) [O0..]

mni = accumArray min n (-n,n) psumns
--bez poli, protoze soucty se neni jenomo jedna
bal a2 xs = bal xs 1 (repeat n) (repeat n) 0 where
n = length xs
bal [] i (a:as) _ m=m‘mx‘ i-a
bal (0:xs) i (a:as) b m = bal xs (i+1) as ((mn ai):b) (mMmx'i-a)
bal (1l:xs) i (a:as) (b:bs) m= bal xs (i+1l) (b:(mn ai):as) bs (mmx'i-a)
Usek
usek::[Int]—>Int
usek xs = |l ongest psuns nmaxs 0 where

n = length xs

psuns = zip [0..] $ scanl (+) O xs

maxs = foldr(\x y—>if snd x>snd(head y)then x:y else y) [(n+l, m nBound)] psuns

| ongest [] _ b =b

| ongest (x:xs) (mmns) b | snd x<=snd m
| otherw se

| ongest (x:xs) ne$b' max' (fst m-fst x)
| ongest xs (mns) b




