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Typovy konstruktor Either

data Either a b = Left a
| Right b
deriving (Eq, Ord, Read, Show)

pouziva se, kdyZz mize mit vypocet dva typy vysledki

Casto se pouziva jako rozsiteni Maybe
Left a oznacuje chybny vypocet, hodnota specifikuje chybu
Right b oznaluje korektni vypocet, hodnota je vysledkem
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Druhy aneb typovani typl

vSechny konkrétni typy jsou druhu *

Integer :: %
Maybe Int :: *
Either String Int :: *

BinTree (Int, [Int]) :: *
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vSechny konkrétni typy jsou druhu *

Integer :: %
Maybe Int :: *
Either String Int :: *
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typové konstruktory vyssi arity jsou vlastné ,typové funkce”

Maybe :: * -> *
Either :: * -> *x -> x
[J :: x —> x

(,) 11 % => % => %
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Druhy aneb typovani typl

vSechny konkrétni typy jsou druhu *

Integer :: %
Maybe Int :: *
Either String Int :: *

BinTree (Int, [Int]) :: *

typové konstruktory vyssi arity jsou vlastné ,typové funkce”

Maybe :: * -> *
Either :: * -> *x -> x
[J :: x —> x

(,) 11 % => % => %

opét plati princip ¢astecné aplikace
Either String :: * -> *
GHCi definuje povel :k na uréeni druhu
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Motivace: map

Funkce map na seznamech:
data [a] =[] | a : [al
map :: (a -> b) -> [a] -> [b]

map _ [1 = []
map f (x:xs) = fx : map f xs

IB016: Cviceni 04 Jaro 2016

4 /29



Motivace: map

Funkce map na seznamech:
data [a] =[] | a : [al
map :: (a -> b) -> [a] -> [b]

map _ [1 = []
map f (x:xs) = fx : map f xs

Funkce map na binarnich stromech:

BNode a (BinTree a) (BinTree a)
BEmpty

data BinTree a =
I
treeMap :: (a -> b) -> BinTree a -> BinTree b
treeMap _ BEmpty = BEmpty
treeMap f (BNode v 1 r) =

BNode (f v) (treeMap f 1) (treeMap f r)
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Motivace: map

Funkce map na seznamech:
data [a] =[] | a : [al
map :: (a -> b) -> [a] -> [b]

map _ [1 = []
map f (x:xs) = fx : map f xs

Funkce map na binarnich stromech:

BNode a (BinTree a) (BinTree a)
BEmpty

data BinTree a =
I
treeMap :: (a -> b) -> BinTree a -> BinTree b
treeMap _ BEmpty = BEmpty
treeMap f (BNode v 1 r) =

BNode (f v) (treeMap f 1) (treeMap f r)

Nedalo by se to néjak zobecnit?

IB016: Cviceni 04 Jaro 2016 4/29



Typova trida Functor

Zavedme typovou tfidu Functor:

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

definovdno v modulu Data.Functor
pro typy, pres které se dd ,,mapovat”
tfida pro ,unarni typové funkce", tedy véci druhu * -> *

instance pro [1, BinTree, Maybe
ne pro konkrétni typy ([Stringl, BinTree a, Maybe Int)
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Typova trida Functor

Zavedme typovou tfidu Functor:

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

definovdno v modulu Data.Functor
pro typy, pres které se dd ,,mapovat”
tfida pro ,unarni typové funkce", tedy véci druhu * -> *

instance pro [1, BinTree, Maybe
ne pro konkrétni typy ([Stringl, BinTree a, Maybe Int)

jiny pohled: funktory tvofi kontext/kontejner pro typy
(obaluji je dalsi strukturou)
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Instance tridy Functor I.

instance Functor [] where
fmap :: (a -> b) -> [a] -> [b]
fmap = map

instance Functor BinTree where

fmap :: (a -> b) -> BinTree a -> BinTree b
fmap = treeMap
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Instance tridy Functor I.

instance Functor [] where
fmap :: (a -> b) -> [a] -> [b]
fmap = map

instance Functor BinTree where
fmap :: (a -> b) -> BinTree a -> BinTree b
fmap = treeMap

instance Functor Maybe where
fmap :: (a -> b) -> Maybe a -> Maybe b
fmap £ (Just x) = Just (f x)
fmap f Nothing = Nothing
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Instance tridy Functor Il.

instance Functor I0 where
fmap :: (a -=> b) ->I0a ->1I0b
fmap f action = do
result <- action
return (f result)
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Instance tridy Functor Il.
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instance Functor I0 where
fmap :: (a -=> b) ->I0a ->1I0b
fmap f action = do
result <- action
return (f result)

Either je binarni typovy konstruktor, musime tedy udélat
instanci pro jeho ¢asteCnou aplikaci na jeden argument

Either e :: * => x
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Instance tridy Functor Il.
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instance Functor I0 where
fmap :: (a -=> b) ->I0a ->1I0b
fmap f action = do
result <- action
return (f result)

Either je binarni typovy konstruktor, musime tedy udélat
instanci pro jeho ¢asteCnou aplikaci na jeden argument
Either e :: * —> x
instance Functor (Either e) where

fmap :: (a -> b) -> Either e a -> Either e b

fmap f (Right x) = Right (f x)
fmap f (Left x) = Left x
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Instance tridy Functor Ill.

Funkce je vlastné pouziti binarniho typového konstruktoru (->)

(->) 1 x => x —> %
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Instance tridy Functor Ill.

Funkce je vlastné pouziti binarniho typového konstruktoru (->)
(->) 1 x => x —> %

Mizeme tedy zadefinovat instanci pro jeji ¢asteCnou aplikaci na
jeden argument.
(=>) r :: * => * (tedy ,funkce z r")
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Instance tridy Functor Ill.

Funkce je vlastné pouziti binarniho typového konstruktoru (->)
(->) 1 x => x —> %

Mizeme tedy zadefinovat instanci pro jeji ¢asteCnou aplikaci na
jeden argument
(=>) r :: * => * (tedy ,funkce z r")

instance Functor ((->) r) where
fmap :: (a -> b) -> (r -> a) -> (r -> b)
fmap f g = (\x -> £ (g x))
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Pravidla pro tfidu Functor

Pro instance tfidy Functor by mélo platit:

fmap id = id
fmap (f . g) =fmap £ . fmap g
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Pravidla pro tfidu Functor

Pro instance tfidy Functor by mélo platit:
fmap id = id
fmap (f . g) =fmap £ . fmap g

Pravidla musi platit!
kompilator se spoléha na vyse uvedena pravidla
jejich platnost musi ovéfit programator (!)

pro vSechny knihovni instance plati
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Motivace: Co s funkcemi?

Jak aplikovat funkci na hodnotu s kontextem?

(+56) $ 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 f => (a ->b) >fa->fb
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Motivace: Co s funkcemi?

Jak aplikovat funkci na hodnotu s kontextem?
(+5) $ Just 2 ~» Just 7
(+5) $ Nothing ~» Nothing
fmap :: Functor f => (a ->b) >fa->fb
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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Just (+5) “apply” Nothing ~» Nothing
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fmap (+) (Just 5) “apply” Just 2 ~» Just 7
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Motivace: Co s funkcemi?

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

apply :: Functor £ => f (a -> b) ->f a ->fb
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Typova trida Applicative

Zavedme typovou tfidu Applicative:

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

definovano v modulu Control. Applicative

rozsiteni tfidy Functor pro pohodlnou praci s funkcemi
v kontextu

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

Zavedme typovou tfidu Applicative:

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

definovano v modulu Control. Applicative

rozsiteni tfidy Functor pro pohodlnou praci s funkcemi
v kontextu

funkce pure ,0bali* hodnotu minimalni strukturou
(,,prida nejjednodussi kontext")
Applicative definuje infixové synonymum pro fmap
(<$>) :: (Functor f) => (a -> b) ->f a ->fb
f <$> x = fmap £ x
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Instance tridy Applicative I.

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

(<x>) :: Maybe (a -> b) -> Maybe a -> Maybe b
Nothing <*> _ = Nothing
(Just f) <x> something = fmap f something
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Instance tridy Applicative I.
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instance Applicative Maybe where

pure :: a —> Maybe a
pure = Just

(<*>) :: Maybe (a -> b) -> Maybe a -> Maybe b
Nothing <*> _ = Nothing

(Just f) <x> something = fmap f something

Co pro seznamy? Aplikujme kazdou funkci na kazdy seznam.

instance Applicative [] where

pure :: a —> [a]
pure x = [x]

(<*%>) :: [a -> b] -> [a] -> [b]
fs <x> xs = [f x | f <- fs, x <- xs]

Jaro 2016

12 /29



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 IlI.

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

IB016: Cviceni 04 Jaro 2016 14 /29



Instance tridy Applicative IlI.
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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

instance Applicative ((->) r) where

pure :: a -> (r -> a)
pure x = (\_ -> x)

(<x>) :: (r > (a -> b)) ->
(r => a) -> (r -> b)
f<x>g=\x->fx (gx)
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ZipList I.

Seznamy miZou mit i jinou instanci v Applicative:

aplikuje se prvni funkce jenom na prvni hodnotu, druha na
druhou, ...
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ZipList I.

Seznamy miZou mit i jinou instanci v Applicative:
aplikuje se prvni funkce jenom na prvni hodnotu, druha na
druhou, ...
Jelikoz v8ak nemizou existovat 2 riizné instance pro tentyz typ,
musime si zavist novy typ pro seznamy, tzv. ZipList:

newtype ZipList a = ZipList { getZipList :: [a] }
deriving (Show, Eq, Ord, Read)
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ZipList II.

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

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

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

(<*>) :: ZipList (a -> b)
-> ZipList a -> ZipList b
ZipList fs <*> 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)

IB016: Cviceni 04 Jaro 2016 17 / 29



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 1iftA pro zjednoduseni prace s tfidou
Applicative:

fmap (+) (Just 5) <*> (Just 2) ~» Just 7
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Aplikace béznych funkci na hodnoty v kontextu

Definice funkci 1iftA pro zjednoduseni prace s tfidou
Applicative:

fmap (+) (Just 5) <*> (Just 2) ~» Just 7
(+) <$> (Just 5) <*> (Just 2) ~» Just 7
liftA2 (+) (Just 5) (Just 2) ~» Just 7

IB016: Cviceni 04 Jaro 2016 18 / 29



Aplikace béznych funkci na hodnoty v kontextu

Definice funkci 1iftA pro zjednoduseni prace s tfidou
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) >fa->fb->fFfc
1iftA2 f a b =f <> a <x> b

Existuji i varianty pro dalsi arity, viz dokumentace.
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Motivace: Co s funkcemi vytvarejicimi kontext?

Jak aplikovat funkci na hodnotu v kontextu?

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

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

Zavedme typovou tfidu Monad:

class Monad m where

return :: a -> m a

>>=) ::ma->((@->mb) ->mb
(>>) ::ma->mb->mnb
X>>y=3x>>=\_ >y

fail :: String > m a

fail msg = error msg

definovano v modulu Control.Monad

logické rozsireni tridy Applicative pro pohodlnou praci s
funkcemi vytvarejicimi kontext

Applicative je prerekvizitou Monad od GHC 7.10.

funkce fail se vola naptiklad pri selhani vzoru v do-notaci
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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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Kompozice funkci vytvarejicich kontext

(<=<) :: (Monmad m) =>
->mc) >((@->mb) > (a->mc)
f<=<g=(~Nx ->gzx>=f)

ekvivalent kompozice béznych funkci (.)
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Kompozice funkci vytvarejicich kontext

(<=<) :: (Monmad m) =>
->mc) >((@->mb) > (a->mc)
f<=<g=(~Nx ->gzx>=f)

ekvivalent kompozice béznych funkci (.)

moznost reformulovat pravidla tfidy Monad pomoci
kompozice

Leva identita

f <=< return= £

Prava identita

return <=< f =1

Asociativita

f <=< (g <=<h) =(f <=<g) <=<nh

existuje i obracena varianta >=>
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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

evalO ::

evalO
evalO
evalO
evalO
evalO
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(Con
(Add
(Sub
(Mul
(Div

x) =

X
X
X
X

y)
y)
y)
y)

X

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

Expr -> Float

evalO
evalO
evalO
evalO

MoK M M

evalO y
evalO y
evalO y
evalO y
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Ukazka: vyhodnocovani vyrazi Il.

evall :: Expr -> Maybe Float

evall (Con x) =
evall (Add x y)
evall (Sub x y)
evall (Mul x y)
evall (Div x y)

where yy = if

™

X M

apply :: (Float

Just x

= apply (+) (evall x) (evall y)
apply (-) (evall x) (evall y)
apply (*) (evall x) (evall y)
apply (/) (evall x) yy

evall y == Just O

then Nothing

else evall y

-> Float -> Float) -> Maybe Float

-> Maybe Float -> Maybe Float
apply £ (Just x) (Just y) = Just $ £ x ¥y
apply _ _ _ = Nothing
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Ukazka: vyhodnocovani vyrazi .

eval2 :: Expr -> Maybe Float
eval2 (Con x) = Just x

eval2 (Add x y) = (+) <$> eval2 x <*> eval2 y

eval2 (Sub x y) = (=) <$> eval2 x <*> eval2 y

eval2 (Mul x y) = (%) <$> eval2 x <*> eval2 y

eval2 (Div x y) = (/) <$> eval2 x <*> yy
where yy = if eval2 y == Just O

then Nothing
else eval2 y
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Ukazka: vyhodnocovani vyrazi IV.

eval3 :: Expr -> Maybe Float
eval3 (Con x) = Just x

eval3 (Add x y) = 1liftA2 (+) (eval3 x) (eval3 y)
eval3 (Sub x y) = 1iftA2 (-) (eval3 x) (eval3 y)
eval3 (Mul x y) = 1iftA2 (*) (eval3 x) (eval3 y)
eval3 (Div x y) = liftA2 (/) (eval3 x) yy

where yy = if eval3d y == Just O

then Nothing
else eval3 y
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Ukol: instance Possibly

Uvazme nasledujici datovy typ:

data Possibly a =
| Once a
| Twice a a
deriving (Eq, Ord, Show, Read)
Vas lkol je nasledujici:
1 napiste instanci pro tfidu Functor
2 ovéfte platnost pravidel (!) tfidy Functor
3 napiste instanci pro tfidu Applicative
4 ovéfte platnost pravidel (!) tfidy Applicative
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