Monads in Haskell

An Introduction
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Agenda

® Some Haskell basics

® The type system and Typeclasses
® Functors

® Monads

® The Real World



Motivation

® Haskell (and most functional languages) have:

O No side effects
© No concept of global state

® How do we do things that inherently have side
effects or need state?



Some Haskell basics

® functions are the most important construct

® Function application is just the name of the
function followed by parameters:

ghci> head [2,4,5]
2
ghci> (\x -> x * x) 2

4
ghci> let square x = X * X




Types

square:: Int -> Int
square = x * x

head’:: [a] -> a
head’ (x:Xs) = Xx

take:: Int -> [a] -> [a]

take n _ | n <=0 =[]

take _ [] []

take n (x:xs) = x : take (n-1) xs




Created and Parametric Types

data Maybe a = Just a | Nothing
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Typeclasses

® NOT classes in OOP sense

® More like interfaces: define common behavior

class Eq a where
(==) :: a -> a -> Bool
(/=) :: a -> a -> Bool
X =
X /

y not (x /=Yy)
y = not (x ==1Y)




Functors

data Maybe a = Just a | Nothing

Maybe Int
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The Functor Typeclass

class Functor f where

fmap :: (a ->b) ->f a ->fb

frop it (@b = fa = b
7
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Example - the Maybea type

instance Functor Maybe where
fmap f (Just x) = Just (f x)

fmap f Nothing = Nothing
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Example - the Maybea type

instance Functor Maybe where
fmap f (Just x) = Just (f x)

fmap f Nothing = Nothing
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So what’s a Monad?

class 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




Monads

class 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
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Monads

class 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
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Monads

class Monad m where
return :: a ->m a

(>>=) ::ma ->(a->mb) ->mb
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half :: Int -> Maybe Int

ghci> half x = if even Xx
then Just x/2
else Nothing

gchi> half 3
Nothing

ghci> half 12 >>= half
Just 3

ghci> half 50 >>= half >>= half
Nothing
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Do Notation

® \What if you need to pass more than just the
previous result?

ghci> Just 2 >>= (\x -> Just 3 >>= (\y -> Just (x*y)))
Just 6 (Equivalent to: (Ax . (Ay . x * y)) Just 3 Just 2)

routine = do
X <- Just 2
y <- Just 3
Just (x * vy)




Do Notation

® \What if you need to pass more than just the
previous result?

ghci> Just 2 >>= (\x -> Just 3 >>= (\y -> Just (x*y)))
Just 6

routine = do
X <- Just 3
y <- Just 2
return (x * vy)




The Writer Monad
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The Writer Monad

l.ose runWriTER TO
GEt-THE VALLES ooT
oF THE WRITER

Wrnterl D=Tuhec = do J 2. APPLY THE FincTion

“TO THE VALLE, AND

Let (vall,l ol) = conWriter wnter1 GET TACK A LRITEL.

'meN UsE RUNWRITER

(V&(,Z loasz = Y‘Uh\ﬁ‘(!te\"$func V&Ll 1“0 bc:rme VALUES
\Writer (vaLZ. Logsiﬂ'l,ogSZ-) ™

X CovBING 'me Lo&S
AND RETURN A NEW
wrTeR!

image: adit.io



http://adit.io/posts/2013-06-10-three-useful-monads.html
http://adit.io/posts/2013-06-10-three-useful-monads.html

import Control.Monad.Writer

mult2 :: Int -> Writer String Int
mult2 x = do

tell("Multiplying " ++ show x ++ "™ by 2! ")
return (x * 2)

add1 :: Int -> Writer String Int

add1 x = do
tell("Adding 1 to " ++ show x ++ "I ™)
return (x + 1)




The Writer Monad

ghci> let x = return 2 >>= mult2 >>= addl >>= mult2

(10, "Multiplying 2 by 2! Adding 1 to 4! Multiplying 5 by 2! ")
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The Real World

® |/O Monad
® State Monad

® Arrows



Sources

® | carnYou a Haskell

® Functors, Applicatives, And Monads In Pictures - adit.io

® Three Useful Monads - adit.io

® http://blog.sigfpe.com/2006/08/you-could-have-invented-

monads-and.html

® Hoogle - Haskell Search Engine
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