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Kinds of Types

Type constructors can have different kinds (3, 1): «, » —> «, efc.
* => ok => x = Kk —=> (x —> %) but not (» => %) —> =

order(») =0 order(k —> v) = max(order(x) + 1, order(v))

class Functor f where fmap :: (a —> b) > (£ a —> £ Db)
instance Functor [] where fmap = map

instance Functor Tree where

fmap £ (Node a t) = Node (f a) (map (fmap f) t)

instance Functor (BinTree a) where
fmap £ (Fork a 1 r) = Fork a (fmap £ 1) (fmap £ 1)
fmap £ (Leaf b) = Leaf (f b)



Monads are = —> * types ‘providing” values of some other type
but ‘encapsulating” more information, with methods and laws.

class Monad m where

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

return i a —>m a

fail :: String > m a

X >> vy = x >>=\ _ ->y

fail s = error s

class Monad m => MonadPlus m where
mzero :: m a

mplus :: ma ->ma —>m a



instance Monad [] where (>>=) x f = concat (map f x)

return x = [x]
fail =[]



instance Monad |[] where (x:xs) >>= f

[ >>= f

return x

fail s

instance MonadPlus |[] where mzero

mplus

= f x ++

(xs >>= f£)



instance Monad |[] where (x:xs) >>= f = f x ++ (xs >>= f)
[] >>= £ = []
return x = [x]
fail s = []

instance MonadPlus [] where mzero = []

mplus = (++)

instance Monad Maybe where Just x >>=k =k x
Nothing >>= k = Nothing
return = Just

fail s Nothing



instance Monad |[] where (x:xs) >>= f = f x ++ (xs >>= f)
[] >>= £ = []
return x = [x]
fail s = []

instance MonadPlus [] where mzero = []

mplus = (++)

instance Monad Maybe where Just x >>=k =k x
Nothing >>= k = Nothing
return = Just
fail s = Nothing

instance MonadPlus Maybe where mzero = Nothing

Nothing '‘mplus' ys = ys

XS ‘mplus' ys = xs



"Do” Syntax

Easy notations to use with monadic types, directly translated to
(>>=), return ANd the like, and to \-expressions.
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"Do” Syntax

Easy notations to use with monadic types, directly translated to
(>>=), return ANd the like, and to \-expressions.

[ (x, yv) | x <= [1 .. 3], y <= 1[5, 3 .. =31, x /=y 1]

= [(1,5),(1,3), (1,-1), (1,-3),
(275)/(2/3)7(2/1)1(2171)7(2173>/
(315)1 (311)1(31_1)1(31_3)1

do x <— [1 .. 3]
y <-— [5, 3 .. -3]
True <- return (x /= y)

return (x, V)



"Do” Syntax

Easy notations to use with monadic types, directly translated to
(>>=), return ANd the like, and to \-expressions.

[ (x, ¥v) | x <= [1 .. 3], v <= 1[5, 3 .. =31, x /=y ]
= [(1,5),(1,3), (1,-1), (1,-3),
(2!5)1(213)!(211)1(2171)!(2173>I
(315)1 (311)1(31_1)1(31_3)1
do x <- [1 .. 3] (1 .. 3] >>= \ x —>
y <= [5, 3 .. =3] [5, 3 .. =3] >>= \ y —>

True <- return (x /= V) return (x /= y) >>= \ r —>
return (x, vy) case r of
True —> return (x, V)

-> fail "i.e. []"
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class Show a where

show :: a —> String
showsPrec :: Int —> a -> String -> String
show x = showsPrec 0 x ""

showsPrec _ x s = show x ++ s



class Show a where

show :: a —> String
showsPrec :: Int —> a -> String -> String
show x = showsPrec 0 x ""
showsPrec _ x s = show x ++ s
data BTree a = BFork (BTree a) (BTree a) | BLeaf a

instance Show a => Show (BTree a) where

show x

show (BLeaf x)
show (BFork 1 r) = "<" ++ show 1 ++ "/"

++ show r ++ ">"



class Read a where
readsPrec :: Int -> String -> [ (a, String)]

reads :: Read a => String -> [ (a, String) ]

reads = readsPrec 0
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class Read a where

readsPrec :: Int -> String -> [ (a, String)]
reads :: Read a => String -> [ (a, String) ]
reads = readsPrec 0
read :: Read a => String —> a
read s = case [ x | (x, t) <- reads s,

( n ", n ") <_ 1ex t ] of
[x] —> x
[ —-> error "Prelude.read: no parse"

—> error "Prelude.read: ambiguous parse"

Just like we have generalized showing to pretty-printing, we will
see reading as a case of parsing indeed.



instance Read a => Read (BTree a) where

readsPrec _ = readsBTree



instance Read a => Read (BTree a) where

readsPrec _ = readsBTree
readsBTree :: Read a => String —> [ (BTree a, String)]
readsBTree ('<’":s) = [ (BFork 1 r, u) |
(1, "]":t) <- readsBTree s,
(r, ’">":u) <- readsBTree t |

readsBTree s = [ (BLeaf x, t) | (x, t) <- reads s ]



instance Read a => Read (BTree a) where

readsPrec _ = readsBTree
readsBTree :: Read a => String —> [ (BTree a, String)]
readsBTree s = [ (BFork 1 r, x) | ("<", t) <- lex s,

(1, u) <- readsBTree t,
(""", v) <- lex u,
(r, w) <- readsBTree v,

(">", x) <- lex w |

++ [ (BLeaf x, t) | (x, t) <- reads s ]
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Review the functional pearl paper by Hutton and Meijer (2).

newtype Parser a = Parser (String -> [(a, String)])

parse :: Parser a -> String -> [ (a, String)]

parse (Parser p) s = p s

itemParser :: Parser Char

itemParser = Parser ( \ s -> case s of c:r —> [(c, r)]
mimn _> [] )

consParser :: a —> Parser a

consParser x = Parser ( \ s —> [(x, s)] )

parse (consParser (+)) "this will remain unchanged”

== 4 [((+), "this will remain unchanged") ]



joinParser :: Parser a -> (a —-> Parser b) —-> Parser b
joinParser p g = Parser ( \ s —-> concat |

parse (g r) t | (r, t) < parse p s ] )



joinParser Parser a —>
joinParser p g = Parser ( \ s —> concat
parse (q r) t | (r,
instance Monad Parser where (>>=)
return
pairParser Parser (Char, Char)
pairParser = do x <- itemParser
y <- itemParser
return (x, vy)

(a —> Parser Db)

t)

<—

-> Parser b

parse p s ] )

joinParser

consParser



joinParser :: Parser a -> (a —-> Parser b) —-> Parser b
joinParser p g = Parser ( \ s —-> concat |
parse (g r) t | (r, t) < parse p s ] )
instance Monad Parser where (>>=) = joinParser
return = consParser
pairParser :: Parser (Char, Char)
pairParser = do x <- itemParser

y <- itemParser

return (x, vy)

parse pairParser "this is to be parsed”

- [(¢('t", "h"), "is is to be parsed")]



joinParser :: Parser a -> (a —-> Parser b) —-> Parser b
joinParser p g = Parser ( \ s —-> concat |
parse (g r) t | (r, t) < parse p s ] )
instance Monad Parser where (>>=) = joinParser
return = consParser
pairParser :: Parser (Char, Char)
pairParser = do x <- itemParser

y <- itemParser

return (x, vy)

parse (do pairParser; pairParser) "this is to be parsed”

— [(('i", ’s’), " is to be parsed")]



Parsing XML

data Element = Elem String [ (String, String)] [Content]
data Content

CElem Element | CText String



Parsing XML

data Element = Elem String [ (String, String)] [Content]
data Content

CElem Element | CText String

xmlelt :: Parser Element

xmlelt = do (e, as) <- opening
xs <— many (xmlelt +++ pcdata)
closing e

return (Elem e as xs)



Parsing XML

data Element = Elem String [ (String, String)] [Content]
data Content

CElem Element | CText String

xmlelt :: Parser Element

xmlelt = do (e, as) <- opening
xs <— many (xmlelt +++ pcdata)
closing e

return (Elem e as xs)

closing, identify :: String -> Parser ()

closing e = do char ’'<’; char ’/’; identify e; char ">’
return ()

identify e = case e of c:r —> do char c¢; identify r

"Tr —> return ()
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