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Functor Defini ​tions

class Functor f where

 ​ fmap :: (a -> b) -> f a -> f b
 ​ ​(<$) :: a -> f b -> f a
 ​ ​(<$) = fmap . const
-- Example Instances 

instance Functor ((->) r) where

 ​ fmap = (.)
instance Functor [a] where

 ​ fmap = map
instance Functor Maybe where

 ​ fmap _ Nothing = Nothing
 ​ fmap f (Just a) = Just (f a)
instance Functor IO where

 ​ fmap f x = x >>= (pure . f)

Functor Laws:

Functors must preserve identity morphisms 
fmap id = id

Functors preserve compos ​ition of morphisms 
fmap (f . g) = fmap f . fmap g

Applic ​ative Functor

class Functor f => Applicative f where

 ​ ​ ​ {-# MINIMAL pure, ((< ​*>) | liftA2) #-}
 ​ ​ ​ pure :: a -> f a
 ​ ​ ​ ​(<* ​>) :: f (a -> b) -> f a -> f b
 ​ ​ ​ ​(<* ​>) = liftA2 id
 ​ ​ ​ ​liftA2 :: (a -> b -> c) -> f a -> f b -> f c
 ​ ​ ​ ​liftA2 f x = (<* ​>) (fmap f x)
 ​ ​ ​ ​(*>) :: f a -> f b -> f b
 ​ ​ ​ a1 > a2 = (id <$ a1) < > a2

 ​ ​ ​ ​(<*) :: f a -> f b -> f a
 ​ ​ ​ ​(<*) = liftA2 const
-- Example instances 

instance Applic ​ative Maybe where
 ​ ​ ​ pure = Just
 ​ ​ ​ Just f <*> m = fmap f m
 ​ ​ ​ ​Nothing <*> _m = Nothing
 ​ ​ ​ ​liftA2 f (Just x) (Just y) = Just (f x y)
 ​ ​ ​ ​liftA2 _ _ _ = Nothing
 ​ ​ ​ Just _m1 *> m2 = m2
 ​ ​ ​ ​Nothing *> _m2 = Nothing
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Applic ​ative Functor (cont)

instance Applic ​ative IO where
 ​ ​ ​ {-# INLINE pure #-}
 ​ ​ ​ {-# INLINE (*>) #-}
 ​ ​ ​ {-# INLINE liftA2 #-}
 ​ ​ ​ pure = returnIO
 ​ ​ ​ ​(*>) = thenIO
 ​ ​ ​ ​(<* ​>) = ap
 ​ ​ ​ ​liftA2 = liftM2
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