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Pripomenuti: Maybe, Either, druhy

Maybe: datovy typ rositeny o jednu hodnotu
data Maybe a = Just a | Nothing

Casto: Nothing je selhani
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Pripomenuti: Maybe, Either, druhy

Maybe: datovy typ rositeny o jednu hodnotu
data Maybe a = Just a | Nothing

Casto: Nothing je selhani

Either: sjednoceni dvou datovych typl
data Either a b = Left a | Right b

Casto: chybny a korektni vypocet

Druhy: ,typovani typa"
Maybe Int :: *
Either :: * -> % -> %

(,) 10 % => % —> %
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Typova trida Functor
Motivace: Zobecnovani funkce map

map :: (a -> b) -> [a] -> [b]
treeMap :: (a -> b) -> BinTree a -> BinTree b
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Typova trida Functor

Motivace: Zobecnovani funkce map

map :: (a -> b) -> [a] -> [b]
treeMap :: (a -> b) -> BinTree a -> BinTree b

Typova tfida Functor:

class Functor f where
fmap :: (@ -=>b) ->f a->fb

pro typy, pres které se d4 ,mapovat”
tfida pro ,,unarni typové funkce", tedy véci druhu * -> *
pravidla ovéfuje programator (!)

instance pro [], BinTree, Maybe, I0, Either e, (->) r, ...
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Motivace: Co s funkcemi?

Jak aplikovat funkci na hodnotu s kontextem?

(+5) $ Just 2 ~» Just 7
(+5) $ Nothing ~» Nothing
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Motivace: Co s funkcemi?

Jak aplikovat funkci na hodnotu s kontextem?
(+56) $ Just 2 ~» Just 7
(+5) $ Nothing ~-» Nothing
fmap :: Functor £ => (a > b) ->f a > f b
Jak aplikovat funkci v kontextu na jinou hodnotu v kontextu?

Just (+5) “apply” Just 2 ~» Just 7
Just (+5) “apply  Nothing ~~ Nothing
Nothing “apply” Just 2 ~~» Nothing
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Jak aplikovat funkci na hodnotu s kontextem?
(+56) $ Just 2 ~» Just 7
(+5) $ Nothing ~-» Nothing
fmap :: Functor £ => (a > b) ->f a > f b
Jak aplikovat funkci v kontextu na jinou hodnotu v kontextu?

Just (+5) “apply” Just 2 ~» Just 7

Just (+5) “apply  Nothing ~~ Nothing
Nothing “apply” Just 2 ~~» Nothing

fmap (+) (Just 5) “apply” Just 2 ~» Just 7

Jakého typu bude operator apply?
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Motivace: Co s funkcemi?

Jak aplikovat funkci na hodnotu s kontextem?
(+56) $ Just 2 ~» Just 7
(+5) $ Nothing ~-» Nothing
fmap :: Functor £ => (a > b) ->f a > f b
Jak aplikovat funkci v kontextu na jinou hodnotu v kontextu?

Just (+5) “apply” Just 2 ~» Just 7

Just (+5) “apply  Nothing ~~ Nothing
Nothing “apply” Just 2 ~~» Nothing

fmap (+) (Just 5) “apply” Just 2 ~» Just 7

Jakého typu bude operator apply?
apply :: Functor £ => f (a -=>b) > f a ->fb
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Typova trida Applicative

class Functor f => Applicative f where
pure :: a -> f a
(<¥>) :: £ (a->b) >fa->fb

definovidno v modulu Control. Applicative
rozsireni tfidy Functor pro praci s funkcemi v kontextu

funkce pure ,0obali* hodnotu minimalni strukturou
(,,pFida nejjednodussi kontext")
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Typova trida Applicative

class Functor f => Applicative f where
pure :: a -> f a
(<¥>) :: £ (a->b) >fa->fb

definovidno v modulu Control. Applicative

rozsireni tfidy Functor pro praci s funkcemi v kontextu
funkce pure ,0obali* hodnotu minimalni strukturou
(,,pFida nejjednodussi kontext")
Applicative definuje infixové synonymum pro fmap
(<$>) :: (Functor f) => (a -=>b) -> f a ->f b
f <$> x = fmap f x
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Instance tridy Applicative I.

instance Applicative Maybe where
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Instance tridy Applicative I.

instance Applicative Maybe where
pure :: a —> Maybe a
pure = Just

(<*>) :: Maybe (a -> b) -> Maybe a -> Maybe b
Nothing <*> _ = Nothing
(Just f) <*> something = fmap f something

instance Applicative (Either e) where
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Instance tridy Applicative I.

instance Applicative Maybe where
pure :: a —> Maybe a
pure = Just

(<*>) :: Maybe (a -> b) -> Maybe a -> Maybe b
Nothing <*> _ = Nothing
(Just f) <*> something = fmap f something

instance Applicative (Either e) where
pure :: a -> Either e a
pure = Right

(<*>) :: Either e (a -> b)
-> Either e a -> Either e b
Left e <*> _ = Left e

Right f <> r = fmap f r
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Instance tridy Applicative Il.

instance Applicative IO where
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Instance tridy Applicative Il.

instance Applicative IO where
pure :: a —> I0 a
pure = return

(<¥>) :: 10 (a ->Db) > I0a ->1I0D
a <> b = do

f <-a

x <- Db

return (f x)
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Instance tridy Applicative pro seznamy

Co se seznamy?
[(+5), (x2), (T2)] <*> [2, 3]
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Instance tridy Applicative pro seznamy

Co se seznamy?
[(+5), (x2), (T2)] <*> [2, 3]

1 Aplikujme kazdou funkci na kazdou hodnotu
[2+45, 3+5, 2*2, 3*2, 272, 3%2]
= vychozi instance
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Instance tridy Applicative pro seznamy

Co se seznamy?
[(+5), (x2), (T2)] <*> [2, 3]

1 Aplikujme kazdou funkci na kazdou hodnotu
[2+45, 3+5, 2*2, 3*2, 272, 3%2]
= vychozi instance

2 Aplikujme kazdou funkci na jednu hodnotu
[2+5, 3%2]
2 rlizné instance pro tentyz typ nemizou byt = novy typ
tzv. ZipList
newtype ZipList a = ZipList { getZipList :: [a] }
deriving (Show, Eq, Ord, Read)

1B016: Cviceni 03 Jaro 2018 8 /22



Instance tridy Applicative IlI.

instance Applicative [] where
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Instance tridy Applicative IlI.

instance Applicative [] where
pure :: a —> [a]
pure x = [x]

(<*%>) :: [a -> b] -> [a] -> [b]
fs <x> xs = [f x | f <- fs, x <- xs]
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Instance tridy Applicative IV.

instance Functor ZipList where
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Instance tridy Applicative IV.

instance Functor ZipList where
fmap :: (a -> b) -> Ziplist a -> ZiplList b
fmap f (ZipList xs) = ZipList (map f xs)

instance Applicative ZipList where
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Instance tridy Applicative IV.

instance Functor ZipList where
fmap :: (a -> b) -> Ziplist a -> ZiplList b
fmap f (ZipList xs) = ZipList (map f xs)

instance Applicative ZipList where
pure :: a -> ZipList a
pure x = ZipList (repeat x)

(<x>) :: ZipList (a -> b)
-> Ziplist a -> ZipList b
ZiplList fs <x> ZipList xs =
ZipList (zipWith (\f x -> f x) fs xs)
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Pravidla pro tfidu Applicative

Identita

(pure id) <*> x =x

Kompozice

(pure (.)) <x> f <x> g <> x =F <> (g <*> x)
Homomorfizmus

(pure f) <*> (pure x) = pure (f x)

Vyména

u <*> (pure y) = (pure ($ y)) <*> u

(vicero pari zavorek je implicitnich)
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Pravidla pro tfidu Applicative

Identita

(pure id) <*> x =x

Kompozice

(pure (.)) <x> f <x> g <> x =F <> (g <*> x)
Homomorfizmus

(pure f) <*> (pure x) = pure (f x)

Vyména

u <*> (pure y) = (pure ($ y)) <*> u

(vicero pari zavorek je implicitnich)

Jako disledek bude pro instanci platit také
(pure f) <*> x = fmap f x
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Aplikace béznych funkci na hodnoty v kontextu

Definice funkci 11ftAX pro zjednodusSeni prace s Applicative:
fmap (+) (Just 5) <*> (Just 2) ~» Just 7
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https://hackage.haskell.org/package/base/docs/Control-Applicative.html

Aplikace béznych funkci na hodnoty v kontextu

Definice funkci 11ftAX pro zjednodusSeni prace s Applicative:
fmap (+) (Just 5) <*> (Just 2) ~» Just 7
(+) <$> (Just 5) <*¥> (Just 2) ~» Just 7
1iftA2 (+) (Just 5) (Just 2) ~» Just 7
1iftA2 :: Applicative f =>
(a->b->c¢c) >fa->fb->fc
1liftA2 f a b =f <$ a <> b

Existuji i varianty pro dalsi arity, viz dokumentace.
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Ukazka: vyhodnocovani vyrazi |.

Con Float

Add Expr Expr | Sub Expr Expr
| Mul Expr Expr | Div Expr Expr
deriving (Eq, Show)

data Expr =
I
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Ukazka: vyhodnocovani vyrazi |.

data Expr = Con Float
| Add Expr Expr | Sub Expr Expr
| Mul Expr Expr | Div Expr Expr
deriving (Eq, Show)

eval :: Expr -> Float
eval (Con x) = x

eval (Add x y)
eval (Sub x y)
eval (Mul x y)
eval (Div x y)

eval x + eval y

eval x - eval y

X

X
eval x * eval y
eval x / eval y
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Ukazka: vyhodnocovani vyrazi Il.

eval' :: Expr -> Maybe Float

eval' (Con x) = Just x

eval' (Add x y) = 1iftA2 (+) (eval' x) (eval' y)
eval' (Sub x y) = liftA2 (-) (eval' x) (eval' y)
eval' (Mul x y) = 1iftA2 (%) (eval' x) (eval' y)
eval' (Div x y) = liftA2 (/) (eval' x) yy

where yy = if eval' y == Just O
then Nothing

else eval' y
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Motivace: Co s funkcemi vytvarejicimi kontext?

Jak aplikovat funkci na hodnotu v kontextu?

fmap :: Functor f => (a ->b) > f a ->fb
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Motivace: Co s funkcemi vytvarejicimi kontext?

Jak aplikovat funkci na hodnotu v kontextu?
fmap :: Functor f => (a ->b) > f a ->fb
Jak aplikovat funkci v kontextu na hodnotu v kontextu?

(<*¥>) :: Applicative f =>
f (a->b) >fa->fb

Jak aplikovat funkci, kterd produkuje hodnotu v kontextu, na
hodnotu v kontextu?

apply2 :: Applicative f =>
fa->(@->fb)->fb
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Typova trida Monad

class Applicative m => Monad m where

return :: a -> m a

>>=) ::ma->(a->mb) >mb

(>>) ::ma->mb->mb
X>>y=x>>=\_->y

fail :: String -> m a

fail msg = error msg

definovano v modulu Control.Monad
logické rozsiteni tridy Applicative pro pohodlnou praci s
funkcemi vytvarejicimi kontext

funkce fail se vola napriklad pri selhani vzoru v do-notaci
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instance Monad Maybe where
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Instance tridy Monad |I.

instance Monad Maybe where
return :: a -> Maybe a
return = Just

(>>=) :: Maybe a -> (a -> Maybe b) -> Maybe b
Nothing >>= f = Nothing
Just x >>=f =f x

fail :: String -> Maybe a
fail _ = Nothing
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Instance tridy Monad II.

instance Monad [] where
return :: a -> [a]
return x = [x]

(>>=) :: [a] > (a -> [b]) -> [b]
xs >>= f = concat (map f xs)

fail :: String -> [al
fail _ = []
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Pravidla pro tfidu Monad

Leva identita
return x >>= f

Il
Hh
]

Prava identita
m >>= return =

=]

Asociativita
(m >>=f) >=g=m >>= (\x > f x >>= g)
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do-notace

do-notace je jenom syntakticky cukr pro >>=

tj. se vSemi monady mizeme pracovat pres do
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do-notace

do-notace je jenom syntakticky cukr pro >>=

tj. se vSemi monady mizeme pracovat pres do

maybePlus

:: Maybe Float -> Maybe Float -> Maybe Float
maybePlus x y = do

justX <- x

justY <- y

return $ justX + justY
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Ukol: instance Functor a Applicative

Uvazme nésledujici datovy typ:
newtype Triple a = Triple { unTriple :: (a, a, a) }
deriving (Eq, Ord, Show, Read)

1 Napiste instanci pro tfidu Functor.
(Jak bude fungovat funkce map?)

2 Zamyslete se nad platnosti pravidel (!) tfidy Functor.

3 Napiste instanci pro tfidu Applicative.
(Jak aplikovat funkce?)

4 Zamyslete se nad platnosti pravidel (!) tfidy Applicative.
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Ukol: do-notace

1 Napiste ,nedeterministické” ,skoro-aritmetické" funkce:
2 ~+~ 5 ~* [6, 7, 8]
3 ~%~ 5 ~»* [10, 15, 20, 12, 15, 18]

2 Napiste pomoci do-notace nedeterministicky vypocet:
almostPlusTimes x y z = (x ~+~ y) ~*~ 2

3 Implementujte funkci maxMinEval :: [a]l -> (a, a), kterd
z moznych vysledkl vybere nejmensi a nejvétsi.
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