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Review: what 1s a functor?

A functor 1s something

that can be mapped over.




Functor lab review




Examples of functors?

e [ists
* Maybe values

ither values
* 1O (a little oddly)




[Limits of functors

With functors:
fmap (+1) [1,2,3]

But what does this code do?
fmap (+) [1,2,3]

And how can we make use of the result?




let 7f = Just (\x -> x + 1)

> let jJf = fmap (+) (Just 1)

: | Equivalent
> ] T ( Just 3 ) definition

> 1mport Control.Applicative
> Jf <*> (Just 3)
Just 4




Control.Applicative

* pure boxes up an item.

¢ k>
—1nfix operator similar to fmap.

—the function 1tself 1s 1n a functor.




What i1s pure?

pure wraps an item 1n the base functor.

> pure /

'/

> pure /C:: [Int]

[ /]

> pure / <:: Maybe Int
Just 7/




Applicative functors

class (Functor f) => Applicative £
where

pure :: a —> f a

(<*>) (L) (a —> b)) -> £ a

/ -> f b

The function is

inside a functor,
unlike fmap




Applicative Maybe

instance Applicative Mavybe

where

pure = Just

Nothing <*> = Nothing

(Just f) <*> x = fmap f X




> Just (+3) <*> Just 4
Just 7/

> pure (+3) <*> Nothing
Nothing

> pure (+) <*> Just 3 <*> Just 4
Just 7/
> (+) KS$> Just 3 <*> Just 4

Just 7/ \
Infix operator

for fmap




Applicative []

instance Applicative []

pure xXx = [X]
fs <*> xs =

[f X | £ <= fs, x <- xXs8]




> (*) <S> [1,2,3] <*> [1,0,0,1]
(1,0,0,1,2,0,0,2,3,0,0, 3]

> pure / <: [Int]

[ /]




Applicative 10

instance Applicative IO where

pure = return
a <*> b = do
r <- a
X <= D

return (I x)




Applicative 10 1n action

import Control.Applicative

malin = do
a <- (++) <$> getlLine <*> getline
putStrLn a




11ftAZ

The 1iftA2 function lets us apply a normal
function to two functors more easily.

11ftA2 :: (Applicative f£) =>
(a -> b —-> C)
-> f a ->f b -> 1 c
1iftA2 £ a b = £ <$> a <*> Db




1iftA2 example

(:) <S> Just 3 <*> Just [4]
Just [3,4]

1l1ftA?2 (:) (Just 3) (Just [4])
Just [3,4]

(+) <$> Just 3 <*> Just 4
Just '/

11ftA2 (+) (Just 3) (Just 4)




Applicative functor laws

l.pure £ <*> x = fmap f x

.pure id <*> v = v

.pure (.) <*¥*> u <*> v <*> w =
u <*> (v <*> w)

4.pure £ <*> pure x = pure (f x)

.u <*> pure y = pure (S y) <*> u




Monoids

An associative binary function &
a value that acts as an identity
with respect to that function.




Monoids

class Monoid m where
mempty :: m
mappend :: m -> m —-> m

mconcat :: [m] —-> m

mconcat = foldr mappend mempty




Monoid Rules

1.mempty mappend x = X
2.X mappend mempty = X

3. (x mappend vy) mappend =

Z_
X mappend (y mappend 2z)




Lab: Applicative Functors

Details 1n Cavas.




