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Motivace pro Writer: logovani

nékdy chceme v priibéhu vypoctu produkovat dodatecné informace
— log, statistiky
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Motivace pro Writer: logovani

nékdy chceme v priibéhu vypoctu produkovat dodatecné informace
— log, statistiky

myslenka: produkujeme dvojice

foo :: Integer -> Integer -> Integer
fooWithLog :: Integer -> Integer -> (Integer, String)
problém: kompozice funkci komplikovana

je treba extrahovat vysledek
je treba spojovat logy
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Problém kompozice

pfi vypoltu typicky chceme pracovat s vystupem a logy jen skladat
prozatim logy zanedbame
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potirebujeme tedy vzdy extrahovat jednu Cast dvojice a s ni dale
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Problém kompozice

pfi vypoltu typicky chceme pracovat s vystupem a logy jen skladat
prozatim logy zanedbame

potirebujeme tedy vzdy extrahovat jednu Cast dvojice a s ni dale
pracovat

to presné odpovidd monadé: prvni slozka dvojice je vysledek, druha
(monadicky) kontext
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Problém skladani logi

logy tfeba posbirat z celého programu
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Problém skladani logi

logy tfeba posbirat z celého programu
spojeni logu zavisi na typu:

String? (++)
[al? (++)
I0 O?7 (>>)
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Problém skladani logi

logy tfeba posbirat z celého programu
spojeni logu zavisi na typu:

String? (++)
[al? (++)
I0 O7 (>
Text?

1B016: Cviceni 12 4/23



Problém skladani logi

logy tfeba posbirat z celého programu
spojeni logu zavisi na typu:

String? (++)
[al? (++)

I0 O7 (>
Text? append
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Problém skladani logi

logy tfeba posbirat z celého programu
spojeni logu zavisi na typu:

String? (++)
[al? (++)
I0 O7 (>
Text? append

potfebujeme néjak popsat typy, jejichz hodnoty lze spojovat

class Monoid a where
mempty :: a
mappend :: a -> a -> a
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Problém skladani logi

logy tfeba posbirat z celého programu
spojeni logu zavisi na typu:

String? (++)
[al? (++)

I0 O7 (>
Text? append

potfebujeme néjak popsat typy, jejichz hodnoty lze spojovat
class Monoid a where

mempty :: a

mappend :: a -> a -> a

pro [a] je mappend = (++)

pro I0 a je mappend = 1iftA2 mappend
tedy pro I0 () je mappend ekvivalentni (>>)
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Pouziti Writer

plus :: Num a =>a ->a —> a
plusLog :: (Num a, Show a) => a -> a -> Writer String a
pluslog x y = tell (show x ++ " + " ++ show y ++ "; ")

>> pure (x + y)
napriklad:

> runWriter $ foldrM plusLog O [1..10]
> runWriter $ foldlM plusLog O [1..10]
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Zobecnujeme: WriterT

Writer se Spatné kombinuje s jinymi monadami

Writer muzZeme zobecnit na WriterT
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newtype WriterT w m a = WriterT { runWriterT :: m (a, w) }
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Zobecnujeme: WriterT

Writer se Spatné kombinuje s jinymi monadami

Writer muzZeme zobecnit na WriterT

newtype WriterT w m a = WriterT { runWriterT :: m (a, w) }

instance Functor m => Functor (WriterT w m) where
fmap :: (a => b) -> WriterT wm a -> WriterT wm b
-= fmap (first f) :: m (a, w) -> m (b, w)
fmap f x = WriterT . fmap (first f) $ runWriterT x

first :: (@ => b) > (a, c) > (b, ©)
first £ (x, y) = (£ %, y)
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WriterT

newtype WriterT w m a = WriterT { runWriterT :: m (a, w) }
writer :: Applicative m => (a, w) -> WriterT wm a
writer = WriterT . pure
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WriterT

newtype WriterT w m a = WriterT { runWriterT :: m (a, w) }
writer :: Applicative m => (a, w) -> WriterT wm a
writer = WriterT . pure

instance (Monoid w, Applicative m)

=> Applicative (WriterT w m) where

pure x = writer (x, mempty)

(<x>) :: WriterT wm (a -> b) -> WriterT wm a
-> WriterT wm b

-—— runWriterT = :: m (a, w)

-- runlriterT f :: m (a -> b, w)

f <*> x = WriterT $
1iftA2 app (runWriterT f) (runWriterT x)
where
——app :: (a > b, w) -> (a, w) -> (b, w
app (£, wf) (x, wx) = (f x, wf <> wx)
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WriterT

instance (Monoid w, Monad m) => Monad (WriterT w m) where
(>>=) :: WriterT wm a -> (a -> WriterT wm b)
-> WriterT wm b
x >>= f = WriterT $ do
(x', wx) <- runWriterT x
(r, rfx) <- runWriterT (f x')
pure (r, wx <> rfx)

instance Monoid w => MonadTrans (WriterT w) where
lift act = WriterT $ fmap (\x -> (x, mempty)) act

1B016: Cviceni 12 8 /23



Dvojice jako writer

standardné je v knihovné instance Monad pro (,) w, kterd se chova
jako writer
oproti Writer/WriterT je potadi prvki ve dvojici pfehozené
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Dvojice jako writer

standardné je v knihovné instance Monad pro (,) w, kterd se chova
jako writer

oproti Writer/WriterT je potadi prvki ve dvojici pfehozené

foo, bar :: Int -> (String, Int)
foo x = ("foo: " ++ show x ++ "; ", x + 42)
bar x = ("bar; ", -x)

> foo 0 >>= foo >>= bar
("foo: 0; foo: 42; bar; ",-84)

> foo 0 >>= foo >>= bar >>= \x -> ("msg", ()) >> pure x
("foo: 0; foo: 42; bar; msg",-84)
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Writer a WriterT v knihovné

balik transformers:
Control.Monad.Trans.Writer.{Lazy,Strict}

definuje WriterT, writer, runWriterT, tell...
type Writer w = WriterT w Identity

instance pro MonadTrans

balik mt1: Control.Monad.Writer.{Lazy,Strict}

re-exportuje writer, runWriterT, ... z prislusného
transformers modulu

typova tfida MonadWriter w m
uniformni pristup k vécem, které se chovaji jako WriterT

véetné ((,) w)
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State

Reader ani Writer neumi zaroven zapisovat a Cist
State umoznuje zapis i ¢teni — drzi si modifikovatelny stav
newtype StateT s m a =

StateT { runStateT :: s -> m (a, s) }

stav s, vysledek a
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State umoznuje zapis i ¢teni — drzi si modifikovatelny stav
newtype StateT s m a =

StateT { runStateT :: s -> m (a, s) }

stav s, vysledek a

type State s a = StateT s Identity a
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State

Reader ani Writer neumi zaroven zapisovat a Cist
State umoznuje zapis i ¢teni — drzi si modifikovatelny stav
newtype StateT s m a =

StateT { runStateT :: s -> m (a, s) }
stav s, vysledek a
type State s a = StateT s Identity a

runState :: State s a -> s -> (a, s)
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State

Reader ani Writer neumi zaroven zapisovat a Cist
State umoznuje zapis i ¢teni — drzi si modifikovatelny stav
newtype StateT s m a =
StateT { runStateT :: s -> m (a, s) }
stav s, vysledek a
type State s a = StateT s Identity a
runState :: State s a -> s -> (a, s)
get :: Monad m => StateT s m s
> s -> StateT s m ()

put :: Monad m
modify :: Monad m => (s -> s) -> StateT s m ()

gets :: Monad m => (s -> a) -> StateT s m a
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State

Reader ani Writer neumi zaroven zapisovat a Cist
State umoznuje zapis i ¢teni — drzi si modifikovatelny stav
newtype StateT s m a =

StateT { runStateT :: s -> m (a, s) }
stav s, vysledek a
type State s a = StateT s Identity a
runState :: State s a -> s -> (a, s)

get :: Monad m => StateT s m s

put :: Monad m => s -> StateT s m ()
modify :: Monad m => (s -> s) -> StateT s m ()

gets :: Monad m => (s -> a) -> StateT s m a
Control.Monad.State/Control.Monad.Trans.State
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MonadIO

Control.Monad.I0.Class

definuje tfidu MonadI0 m monad, které umi vstup a vystup
napriklad transformery na bazi I0

jedind metoda 1iftI0 :: I0 a -> m a, kterd umozni spustit 10
akci v dané monadé

1B016: Cviceni 12 12 / 23



Redeni chyb — opakovan{

Zpusoby teseni chyb v Haskellu?
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Reseni chyb — opakovani
Zpusoby teseni chyb v Haskellu?

Pomoci datovych typii Maybe a, Either e a

+ jednoduché, funguje v Cistém kodu

+ lze pouzivat Functor/Applicative/Monad

— u Maybe nemf(izeme specifikovat jaka chyba nastala
— Spatné se kombinuje s jinymi monadami
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+ lze pouzivat Functor/Applicative/Monad

— u Maybe nemf(izeme specifikovat jaka chyba nastala
— Spatné se kombinuje s jinymi monadami

lookup :: Eq a => a -> [(a,b)] -> Maybe b
Text .Read.readEither :: Read a
=> String -> Either String a
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Reseni chyb — opakovani
Zpusoby teseni chyb v Haskellu?

Pomoci datovych typii Maybe a, Either e a

+ jednoduché, funguje v Cistém kodu

+ lze pouzivat Functor/Applicative/Monad

— u Maybe nemf(izeme specifikovat jaka chyba nastala
— Spatné se kombinuje s jinymi monadami

lookup :: Eq a => a -> [(a,b)] -> Maybe b
Text .Read.readEither :: Read a
=> String -> Either String a

Pomoci vyjimek

+ neprojevuje se v typu funkci které chyby produkuji nebo fesi
— skute¢né pouzitelné jen v I0
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Maybe/Either v monadé

pri praci s Maybe /Either mizeme s vyhodou vyuzit toho, Ze jsou to
monady

mapM readMaybe
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Maybe/Either v monadé

pri praci s Maybe /Either mizeme s vyhodou vyuzit toho, Ze jsou to
monady

mapM readMaybe
fmap (+ 1) (readMaybe x)
1iftA2 (+) (readMaybe x) (readMaybe y)
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Maybe/Either v monadé

pri praci s Maybe /Either mizeme s vyhodou vyuzit toho, Ze jsou to
monady

mapM readMaybe

fmap (+ 1) (readMaybe x)

1iftA2 (+) (readMaybe x) (readMaybe y)

do rx <- readMaybe x
ry <- readMaybe y
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Pattern matching v do bloku

V do bloku je mozné provadét pattern matching:

data Foo = Foo String | Bar Int
foo :: Foo -> ...
foo x = do

Foo str <- x
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Pattern matching v do bloku

V do bloku je mozné provadét pattern matching:
data Foo = Foo String | Bar Int
foo :: Foo —>
foo x = do
Foo str <- x

selhani pattern matchingu zptsobi zavolani funkce
fail :: Monad m => String -> m a

fail je defonovana v Monad
obvykle je fail definovand pomoci error
v Maybe je vSak fail = Nothing (co Either?)

pro vhodné monady tak mizeme do blok pouzit i k feseni chyb v
pattern matchingu
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Monad vs. MonadFail

protoze fail nejde rozumné implementovat v mnoha monadach
neni jeho zafazeni do Monad moc vhodné
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https://wiki.haskell.org/MonadFail_Proposal

Monad vs. MonadFail

protoze fail nejde rozumné implementovat v mnoha monadach
neni jeho zafazeni do Monad moc vhodné

od GHC 8.0 do 8.8 se bude postupné fail presouvat do nové tridy
MonadFail

Control.Monad.Fail, rozsiteni ~-XMonadFailDesugaring

do bloky se vzory, které mohou selhat, ziskaji v typu kontext
MonadFail m =>

vice v MonadFail Proposal
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https://wiki.haskell.org/MonadFail_Proposal

Kombinace I0/Maybe: problém
Problém — Maybe se Spatné kombinuje s jinymi monadami, napfiklad I0

import Control.Monad ( when )

doAverage :: Double -> Double -> I0 ()

doAverage sum cnt = do -- do in I0 Monad
when (cnt > 0) . putStrLn $
"running average: " ++ show (sum / cnt)
num <- readMaybe <$> getLine
case num of -- num :: Maybe Double

Nothing -> pure ()
Just x -> doAverage (sum + x) (cnt + 1)

main = doAverage O O
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Kombinace I0/Maybe: problém

Problém — Maybe se Spatné kombinuje s jinymi monadami, napfiklad I0

import Control.Monad ( when )

doAverage :: Double -> Double -> I0 ()

doAverage sum cnt = do -- do in I0 Monad
when (cnt > 0) . putStrLn $
"running average: " ++ show (sum / cnt)
num <- readMaybe <$> getLine
case num of -- num :: Maybe Double

Nothing -> pure ()
Just x -> doAverage (sum + x) (cnt + 1)

main = doAverage O O

chceme, aby se na fadku num <- readMaybe <$> getLine
rozbalilo I0 i Maybe
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Redeni: MaybeT

Pro libovolnou monddu m mizeme zavést: MaybeT m a

pridava schopnost selhani (pomoci Maybe)
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Redeni: MaybeT

Pro libovolnou monddu m mizeme zavést: MaybeT m a

pridava schopnost selhani (pomoci Maybe)

newtype MaybeT m a = MaybeT { runMaybeT :: m (Maybe a) }
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Redeni: MaybeT

Pro libovolnou monadu m mizeme zavést: MaybeT m a

pridava schopnost selhani (pomoci Maybe)

newtype MaybeT m a = MaybeT { runMaybeT :: m (Maybe a) }

instance (Functor m) => Functor (MaybeT m) where

(a => b) -> MaybeT m a -> MaybeT m b
MaybeT $ fmap (fmap f) (runMaybeT x)
-— 1st fmap from Functor m

-- 2nd fmap from Functor Maybe

fmap
fmap f x =
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MaybeT

newtype MaybeT m a = MaybeT { runMaybeT :: m (Maybe a) }

instance Applicative m => Applicative (MaybeT m) where
pure :: a -> MaybeT m a
pure = MaybeT . pure . pure

(<%>) :: MaybeT m (a -> b) -> MaybeT m a -> MaybeT m b
f <*> x = MaybeT $

1liftA2 (<*>) (runMaybeT f) (runMaybeT x)

-= (<*>) je typu Maybe (a -> b) -> Maybe a -> Maybe b
-— liftA2 je uvnit?T Applicative m
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MaybeT

newtype MaybeT m a = MaybeT { runMaybeT :: m (Maybe a) }

instance Monad m => Monad (MaybeT m) where
(>>=) :: MaybeT m a -> (a -> MaybeT m b) -> MaybeT m b
x >>= f = MaybeT $ do —- do in Monad m
mx <- runMaybeT x -- mz :: Maybe a
case mx of
Nothing -> pure Nothing
Just px -> runMaybeT (f px) - pz :: a

fail _ = MaybeT (pure Nothing)
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Transformatory monad

pridavani novych vlastnosti monadam
napriklad MaybeT, ExceptT a dalsi
pro libovolnou monadu m jsou MaybeT m, ExceptT m monady

Control.Monad.Trans.* (balik transformers)
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Transformatory monad

pridavani novych vlastnosti monadam
napriklad MaybeT, ExceptT a dalsi
pro libovolnou monadu m jsou MaybeT m, ExceptT m monady

Control.Monad.Trans.* (balik transformers)

T¥ida MonadTrans (Control.Monad.Trans.Class)

class MonadTrans t where
1lift :: Monad m => m a -> t m a
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ExceptT

Control.Monad.Trans.Except

pridava praci s chybami do monady — narozdil od MaybeT obsahuje
i chybovou hodnotu

newtype Except e m a =
ExceptT { runExceptT :: m (Either e a) }

instance lze vytvorit obdobné jako pro MaybeT

throwE :: Monad m => e —> ExceptT e m a

catchE :: Monad m
=> ExceptT e m a —-- computation
-> (e -> ExceptT e' m a) —- handler

-> ExceptT e' m a
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Samostatna prace: dokonceni evaluatoru

stahnéte si soubor Task12.hs z ISu

implementujte interpret pro Command:

eval :: Command -> I0 ()

interné pouzijte state pro hodnoty proménnych

print prikaz feSte pomoci writer a zachytavejte vSechny hodnoty
do seznamu cisel a na konci tento seznam vypiste

na standardni chybovy vystup vypiste chybu pokud dojde k praci s
nedefinovanou proménnou (a nasledné se chovejte, jako by v ni
byla 0)

doporucené signatury pomocnych funkci:

aeval :: (MonadState Assignment m, MonadIO m)
=> AExpr -> m Integer

beval :: (MonadState Assignment m, MonadIO m)
=> BExpr -> m Bool

ceval :: (MonadState Assignment m

, MonadWriter [Integer] m, MonadIO m)

=> Cammand => m ()
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