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class Functor f where
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o] Functor 2o wfs|A {7} Treer}

[ 1 (ist) So= Addstge wel oy

instances°] Aol®E 4 Atk

instance Functor Tree where

fmap f (Leaf x) = Leaf (f x)

fmap f (Branch t1 t2) = Branch (fmap f t1)
(fmap f t2)

instance Functor [ ] where
fmap f [ ] =[]
fmap f (xixs) = fx : fmap f xs
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class Monad m where

(>>=) “ma->f(a->mb) ->mb
return “a->ma

(>>) “ma->mb->mb
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fail s = error s
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readAndStore :: 10 ()
readAndStore
= getStr >>=
\x -> writeFile "testFile” x
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writeFile "testFile” "Hello File System” >>
putStr "Hello World”
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readAndStore
= do x <- getStr
writeFile "testFile” x

do writeFile "testFile” "Hello File System”
putStr "Hello World”
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data Maybe a = Just a | Nothing
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add :: Maybe Int -> Maybe Int

-> Maybe Int
add (Just x) (Just ¥) = Just (x + y)
add _ _ = Nothing
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instance Monad Maybe where

return a = Just a
x >>=f = case x of
Just a > f a

Nothing -> Nothing
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>>= I Maybe a->(a->Maybe b)->Maybe b
return > a —> Maybe a
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addM :: Maybe Int -> Maybe Int
-> Maybe Int
addM x v = x >>=\g ->
y >>=\b ->
return (a + b)
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data Id a = ID a
deriving Show

instance Monad Id where
return x = 1D x
IDx >>=f =1fx

addl =2 Id Int -> Id Int -> Id Int
addl x y = x >>=\a >
y >>=\b ->
return (a + b)

-

Id RUy=eA Az s AL off Ax
o, Id BUsE AlgEgozM Al &4
7} Alol"® = 9tk ¢ & Eo], addl (ID
(2+3)) (ID (3+4)) & A= d AoH, F
redex (2+3)%} (3+4) oA <] A& WA
Al 2sHAl o),

. Label ¥ 4=

o] ¢i= [Hud00Joll A it} vh&-3} 20| test7}
el s A vkar 717 shAk
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label :© Tree a—> Tree Integer
label t = snd (lab t 0)

lab :: Tree a —> Integer —>
(Integer, Tree Integer)

lab (Leaf a) n

= (n + 1, Leaf n)
lab (Branch tl t2) n
= let (nl, t1’) = lab tl n

(n2, t2') = lab t2 nl
in (n2, Branch t1’ t2')
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newtype Label a
= Label (Integer -> (Integer, a))
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instance Monad Label where
return a = Label (\s -> (s, a))
Label 1t0 >>= fltl1
= Label $ \sO ->
let (s, al) = 1t0 sO
Label 1t1 = fltl al
in Itl sl
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Tree a —> Tree Integer
let Label It = mlab t
in snd (It 0)

mlabel ::
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mlab i@ Tree a -> Label (Tree Integer)
mlab (Leaf a)
= do n <- getlLabel
return (Leaf n)
mlab (Branch t1 t2)
= do t1l' <- mlab tl
t2" <- mlab t2
return (Branch t1’ t2")

getLabel i Label Integer
getLabel = Label (\n -> (n+1, n))
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data StateM s a = SM (s -> (s, a))
instance Monad (StateM s) where
return a = SM (\s -> (s, a))
SM sm0 >>= fsml
=SM $ \sO ->
let (s1, al) = sm0 sO
SM sml = fsml al
in sml sl
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instance Monad [ ] where

>>= 2 [al => (b => [b]) —> [b]
return a -> [al

m >>= k = concat (map k m)

return x = [x]

fail x =[]
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ex]l = do x <- [1, 2, 3]
- [4, 5, 6]
return (x, y)
ex2 = [(x, v) | x <-[1, 2, 3],

v <- [4, 5, 6]]

ex3 = [1, 2, 3] >>=\x ->
[4, 5, 6] >>=\y >
return (x, v)
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do x <- xs ; return (f x)
[f x | x <- xs]
xs >>= \x -> return (f x)
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class Monad m => MonadPlus m where
mzero > m a
mplus " ma ->ma -> m a
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instance Monad (Parser s) where
return x = P (\s -> Just (x, s))
Pm>>=Pf
=P $\s -> case m s of
Just (x, 8') > f x &'
Nothing -> Nothing
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mplus@ZA4] Ao " 4= Atk mpulss F 719
e Fotse] A HA S AlEs Eoh

o] A7}t ’5‘1"9.0]”4 A WA wAd AE
mplus dde] Ax growA destn Fa
ohovbep A WA #yel ddsiE B¢
mplus®] A= 5 WA sde]l AxeA A
Ry

instance MonadPlus (Parser s) where
mzero = P (\s -> Nothing)
P a 'mplus' P b
=P $\s > case a s of
Just (x, s') -> Just (x, s")
Nothing -> b s
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symbol : s -> Parser s s
symbol s
=P % \xs >

case xs of

[ 1 -> Nothing

(xixs') > if x == s
then Just (x, xs’)
else Nothing
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composeM X Monad M => (b -> m ¢) —>
(a->mec) ->(a->mec)

(g 'composeM' f) x = f x >>=g
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(1) Left unit

return a >>=k =k a
(2) Right unit
m >>= return =m

(3) Associativity



m >>= (\x -> k x >>= h)
= (m >>= k) >>= h
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BEuze  disiAle list
comprehension©. A4 %= E&E 4= it} o9}
ol RuUsg F e 713 eHeolH
(return, >>=)¢} A 7§e] W2 o2 A 75 o]
At o] AL WFAI|= FEolEH 1A

e #re

< Busst g 5 e Aol

Zgaerge] ¥ °ﬂ/’*‘] = ou, ()& 7 a=
TAE EEd unit oA EJ—* "—'1*3 k& 1
s A as g2 k2 B A RS
< ouEth (2= HH me] AE unit o
Ao zA  returndtsE AL unit A=
returndtA] a1 ZupE AH mS AIgiow
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x7F AFEaE (free

Al returnsls=

associative lawi= hol

variable) 2 WEN}A] ¢Fi= A4S A@Ih (3)
o] EwWdl 99 sequence ¥ #olE (>>)
of dlME s 2 el Assl

ml >> (m2 >> m3) = (ml >> m2) >> m3

o2 d WA do FROR EHSW thy
3} 2.

dox <~ retum a kx =ka

do x <- m; return x = m

dox <-my<-kxihy
=doy <-(dox <-m kx)hy
do ml; m2; m3 = do (do ml; m2); m3
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(encapsulation) ¥ FeH2 Hely® Yelowm
addMeol A= o] #AL aelA ¢ F44
Zzagdel 7hed Zelrh. Label Ei=9
Ag-ol = Rt R JEE ddshs 7349
low-level details7} Label Ru=o| 74 3}5]
of glojA EZRauwzl o] AL 7E5HA
Role AEHo g A xa gt



fz

LI aflE At FHAA = o, B2y
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liftM2 @ Monad m => (a -> b -> ¢) ->
(ma) -> (mb) -> (mc)
liftM2 op x ¥
=x >>=\a >
y >>=\b ->
return (x ‘op' y)

liftM2 <% binary 359 F 70 2}
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addM = liftM2 (+)
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