Monadok (folytatas)
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Programozas monadokkal: Programstrukturalas

type IO« = World — («, World)
-- putStr :: String — 10 ()
-- getLine :: 10 String

(>=) 2 I0a — (o« — 10B) — 108
(x >= f)w = (f X') Wnog Where (X', Wpoq) = X W

(>) I0a - 105 — 108
X>f=Ff>=X_.f

program :: 10 ()
program =
putStr " Provide me aword > " >>
getLine >= \s.
if (s = reverse s)
then putStr " A palindrome.”

else putStr " Not a palindrome.”
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Programozas monadokkal: A Monad tipusosztaly

-- Control.Monad

class Applicative y = Monad (. :: * — x) where
return o — po
return = pure

(>=) tpa = (@ = pup) = pp

(>) tpa = pp = pp
X>f=x>=X\_.f
fail :: String — p o«

fail = error

(>=>) = Monad p = (o = pB) = (B = pvy) = (o = p7)
fo>g= Ax.fx >>—=g

Monéadtérvények:
return >=> f =f
f >=> return =f

(f >>> g) >=> h =f >=> (g >=> h)

+ ,run” figgvény
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Programozas monadokkal: A do szintaktika

Atirasi szabalyok:

do{e; &} — e > do{e}
do{p « e; &} — e >= Ax.casexofp — do{e}

_ — fail"error”

do{letp = el; 2} —letp = e;indo{ e}

do{e} —e
Példaul:

do { do

X « f; X + f

y < g y < g

z + h — Zz <« h

lett = (x,y,2); lett = (x,y,2)

return t return t

}

[5..21]

—

f>= Ax.
g>=Ay.
h>= \z.

lett = (x,y,z)in
returnt



Monadtérvények a gyakorlatban

return >>=> f =f :
dox « m=dom
return x

f >=> return =f :
doy « returnx =dofx

fy

(f >>> g) >>=> h=f>=> (g >> h) :
doy «+ dox « m=dox < m =dox < m
fx y « fx doy « fx

gy gy gy
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Milyen monadok léteznek?

data/lOa =7

Az /O monaddal tetsz6leges mellékhatast tudunk modellezni,
ez a ,jolly joker”.

Példaul:

v

putStrLn: iras a szabvanyos kimenetre

getLine: olvasas a szabvanyos bemenetrol

IORef: moédosithaté hivatkozasok, ,mutaték”

IOError: kivétel(kezelés)

IOArray: hatékony, felllirhat6é elemeket tartalmazé tomb
forklO: (konkurens) szdlak létrehozasa

v

v

v

v

v

~run” figgveény: a futtaté rendszer, unsafePerformlO
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llyen monadok |éteznek?
datajo] = [|| o : [¢]

instance Monad [| where

returnx =[x]-a — [qd]
xs >= f =concat[fx|x + xs]--[a] = (o — [5]) — [A]
fail _ =[] -- String — [a]

multiplyToNM :: (Num o, Eq o, Enuma) = a — [(«, o)]
multiplyToNM n = do
X « [L..n]
y « [x..n]
if(x xy =n)
then return (x, y)
else fail " Not applicable.”

multiplyToN n = [(x,y) | x < [1.n], ¥y < [x..n], x = y = n]
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Az Identity monad (intuicio)

type Identity o = «

—a—=(a—=p)—=p
(>>=) :: Identity « — (o — Identity 3) — Identity /3
x >=f = fx

oo
return :: o — Identity o
return x = x

o=

runldentity :: Identity a« — «
runldentity x = x

[9..21]



Az Identity monad (definicid)

-- Control.Monad. Identity
data /dentity o = |«

runldentity :: Identity a« — «
runldentity (I x) = x

instance Monad Identity where

returnx =1x
x >= f = f (runldentity x)
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Az Identity monad (példa)

m :: Int — Identity Int
mx = return(x * X)

my = Int — Identity Int
m x = do
return (x * X)
return (x x 2)
return (x x 3)
my = Int — Identity Int
myn = do
X <~ mMmn
y <« return(x * n)
my
y = runldentity (m, 4)
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A Maybe monad

data Maybe o = Just o | Nothing

instance Monad Maybe where
-- (>>=) :: Maybe a — (o — Maybe 3) — Maybe 3
(Justx)>=f =fx
Nothing >>= f = Nothing
-- return :: a — Maybe «
return = Just

testMaybe :: Maybe Int
testMaybe =
Just3 >= Ax.
Justd >= \y.
return (x + )
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A Reader monad (intuicio)

type Readerca = ¢ — «

—-e—=a)=m(a—=(e—=p0)—(—0P)
(>=) :: Readerca — (o — Readere 3) — Reader ¢ [
(x >=f)e="f(xe)e

-a—(e—=a)
return :: o — Reader ¢ o
(returnx) e = x

—-c—e¢
ask :: Reader e«
(ask)e = e

~(e—=a)—e—a
runReader :: Readersa — ¢ — «

runReader f = f
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A Reader monad (definicid)

-- Control.Monad.Reader
newtype Readers o« = R (¢ — «a)

runReader :: Readerca — ¢ — «
runReader (Rf) = f

instance Monad (Reader <) where
returnx =R$Ne.x

x>=1f=R%\e. .
let x; = runReader x ein

runReader (f x1) e

ask :: Readerce ¢
ask = R(\e.e)
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A Reader monad (példa)

type Identifier = String
type Bindings o« = Data.Map.Map Identifier o

valueOf :: Identifier — Bindings o — «
valueOf name binds =
maybe (error " Not found") id (Data.Map.lookup name binds)

bindings :: [(Identifier, «)] — Bindings o
bindings = Data.Map.fromList

-- getValuesM :: [Identifier] — Bindings o — [a]
getValuesM :: [Identifier] — Reader (Bindings «) [a]
getValuesM ids = do

binds <« ask

return [ valueOf id binds | id < ids]

getValues :: [ldentifier] — Bindings o — [o]
getValues ids names = runReader (getValuesM ids) names
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A State monad (intuicio)
type Statec o = 0 — (a, o)

= (0= (a,0)) = (= (o0 = (B, 0)) = (0 = (B, 0))
(>>=) :: Statec o — (o — Stateo ) — Stateo 3
(x >= f)s = (f V) Spmog Where (v, Spoq) = XS

-a— (0= (a,0))
return :: a — Stateo «
(returnx)s = (x, s)

-0 — (o, 0)
get :: Statec o
(get)s = (s, s)

= (0
put :

ag
o — Stateo ()
(put X) s =

(0, %)
- (o = (o, 7)) = 0 = (a, 7))

runState :: Statec o — o — (a, o))
runStatef = f
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A State monad (definicio)

-- Control.Monad. State
newtype Statec o = S(0 — (a, 0))

runState :: Statec o — 0 — (o, 0)
runState (Sf) = f

instance Monad (State o) where
returnx = S$As.(x,9))

x >=f = S$)s. )
let (v, Smog) = runState x sin

runState (f y) Smod

get :: Statec o
get = S$As.(s,9)

put :: 0 — Stateo ()
putx = S$A_.((), x)
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A State monad (példa)

data Tree o« = Node a (Tree a) (Tree a) | Leaf
deriving Show

numberTree :: (Eqa) = Treea — Tree Int
numberTree t = fst (runState (numberTreeM t) [])

numberTreeM :: (Eqa) = Tree o — State [a] (Tree Int)

numberTreeM Leaf = return Leaf
numberTreeM (Node x It rt) = do
table + get

let (tablepoq, pos) = case (Data.List.findIndex (= x) table) of
Just i — (table, i)
— (table + + [x], length table)
put tablepyoq
Itmog < numberTreeM It
rtmod < numberTreeM rt
return (Node pos ltmog rmod)
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A Writer monad (egyszerUsitett)

-- Control.Monad. Writer
newtype Writer wa = W (a, w)

runWriter :: (Monoid w) = Writerwa — (o, w)
runWriter (W (x, w)) = (x, w)

instance (Monoid w) = Monad (Writer w) where
returnx = W (x, mempty)
x>=1f=WS$
let (x1, wi) = runWriter x in
let (x2, wo) = runWriter (f x1) in
(2, m <> wa)

tell :: (Monoid w) = w — Writer w ()
tell x = W ((), x)

censor :: (Monoid w) = (w — w) — Writerw o — Writer w o
censor f (W (x, w)) = W (x, fw)
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A Writer monad (Monoid)

-- Data.Monoid
class Monoid « where
mempty :: o
mappend :: o - a = «
(<>) :: (Monoida) = a - a - «
(<>) = mappend

Monoidtérvények:
mempty <> x =X
X <> mempty =X
X<><>2z)=xx<>y) <>z
mconcat = foldr (<>) mempty
Példaul:
instance Monoid [a] where
mempty =]

mappend = (++)

instance (Monoid «, Monoid 3) = Monoid («, ) where
mempty = (mempty, mempty)
mappend (x1,y1) (X2, ¥2) = (x1 <> X2, y1 <> J2)
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A Writer monad (példa)

gcdWithLog :: Int — Int — (Int, [String])
gcdWithLog x y = runWriter (censor reverse (gcdWithLogM x y))

gcdWithLogM :: Int — Int — Writer [String] Int
gcdWithLogM xy |y = 0 = do
tell [" Finished with" + + show x]
return x
gcdWithLogM x y = do
result < gedWithLogM y (x ‘mod* y)
letmsg = showx ++" mod” ++showy ++" =" + + show (x ‘mod* y)
tell [msg)]
return result
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