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0 Funktory aplikatywne
@ Zwykty funktor czasem nie
wystarcza
@ Klasa Applicative
@ Instancje Applicative: Maybe
@ Instancje Applicative: Lista

@ Instancje Applicative: 10

@ Instancje Applicative: ((->) r)
@ Prawa klasy Applicative
Parsery kombinatoryczne

@ Podstawowe parsery

@ Rozbudowywanie parseréw

@ Parsowanie wyrazen
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Klasa Functor

Functor to pudetko, ktérego zawarto$¢ mozemy
przetransformowac.

class Functor f where
fmap :: (a -> b) -> f a -> f b
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Klasa Functor

Functor to pudetko, ktérego zawarto$¢ mozemy
przetransformowac.

class Functor f where
fmap :: (a -> b) -> f a -> f b

Prawa funktoréw:

fmap id = id
fmap (f . g) = fmap f . fmap g

fmap jest “homomorfizmem".

Grzegorz tos Funktory aplikatywne & Parsery kombinatoryczne



Functor to czasem za mato

Chcemy pomnozy¢ liczby 5 oraz 3 schowane w pudetkach Maybe.
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Functor to czasem za mato

Chcemy pomnozy¢ liczby 5 oraz 3 schowane w pudetkach Maybe.

ghci> let f = fmap (*) (Just 5)
ghci> :t £
f :: Maybe (Integer -> Integer)
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Functor to czasem za mato

Chcemy pomnozy¢ liczby 5 oraz 3 schowane w pudetkach Maybe.

ghci> let f = fmap (*) (Just 5)
ghci> :t £
f :: Maybe (Integer -> Integer)

Zagadka:

ghci> :t fmap f (Just 3)
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Functor to czasem za mato

Chcemy pomnozy¢ liczby 5 oraz 3 schowane w pudetkach Maybe.
ghci> let f = fmap (*) (Just 5)

ghci> :t £

f :: Maybe (Integer -> Integer)

Zagadka:

ghci> :t fmap f (Just 3)

<interactive >:1:6:
Couldn 't match expected type ‘a0 —> b0’
with actual type ‘Maybe (Integer —> Integer)’
In the first argument of ‘fmap’, namely ‘f’
In the expression: fmap f (Just 3)
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Functor to czasem za mato

Chcemy pomnozy¢ liczby 5 oraz 3 schowane w pudetkach Maybe.

ghci> let f = fmap (*) (Just 5)
ghci> :t £
f :: Maybe (Integer -> Integer)

Zagadka:

ghci> :t fmap f (Just 3)

<interactive >:1:6:
Couldn 't match expected type ‘a0 —> b0’
with actual type ‘Maybe (Integer —> Integer)’
In the first argument of ‘fmap’, namely ‘f’
In the expression: fmap f (Just 3)

Co zrobi¢, gdy funkcja takze jest zamknieta w pudetku?
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Functor to czasem za mato

Przy uzyciu pattern-matchingu mozemy wytuskaé funkcje:
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Functor to czasem za mato

Przy uzyciu pattern-matchingu mozemy wytuskaé funkcje:
app :: Maybe (a -> b) =-> Maybe a -> Maybe b

app Nothing _ = Nothing

app (Just f) x = fmap f x
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Functor to czasem za mato

Przy uzyciu pattern-matchingu mozemy wytuskaé funkcje:

app :: Maybe (a -> b) =-> Maybe a -> Maybe b
app Nothing _ = Nothing
app (Just f) x = fmap f x

Wszystko dziata tak jak sie spodziewamy:

ghci> let f = fmap (*) (Just 5)
ghci> app £ (Just 3)
Just 15
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Functor to czasem za mato

Przy uzyciu pattern-matchingu mozemy wytuskaé funkcje:
app :: Maybe (a -> b) =-> Maybe a -> Maybe b
app Nothing _ = Nothing
app (Just f) x = fmap f x

Wszystko dziata tak jak sie spodziewamy:

ghci> let f = fmap (*) (Just 5)
ghci> app £ (Just 3)
Just 15

@ Dla list, typu Either i wielu innych stosujemy ten sam
schemat.

Grzegorz tos Funktory aplikatywne & Parsery kombinatoryczne



Functor to czasem za mato

Przy uzyciu pattern-matchingu mozemy wytuskaé funkcje:
app :: Maybe (a -> b) =-> Maybe a -> Maybe b
app Nothing _ = Nothing
app (Just f) x = fmap f x

Wszystko dziata tak jak sie spodziewamy:

ghci> let f = fmap (*) (Just 5)
ghci> app £ (Just 3)
Just 15

@ Dla list, typu Either i wielu innych stosujemy ten sam
schemat.
@ Potrzebna jest odpowiednia abstrakcja.
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Klasa Applicative

Funktory aplikatywne to troche lepsze funktory.

class (Functor f) => Applicative f where
pure :: a -> f a
(<x¥>) :: £ (a =>Db) ->f a->fb

Zdefiniowane w Control.Applicative.
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Instancje Applicative: Maybe

instance Applicative Maybe where
pure = Just
(<*>) = app
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Instancje Applicative: Maybe

instance Applicative Maybe where
pure = Just
(<*>) = app

ghci> :m Control.Applicative

ghci> 1let f = fmap (¥) ( Just 5 )
ghci> £ <*> (Just 3)

Just 15
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Instancje Applicative: Maybe

instance Applicative Maybe where
pure = Just
(<*>) = app

ghci> :m Control.Applicative

ghci> 1let f = fmap (¥) ( Just 5 )
ghci> £ <*> (Just 3)

Just 15

ghci> Just (5%) <*> (Just 3)
Just 15
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Instancje Applicative: Maybe

instance Applicative Maybe where
pure = Just
(<*>) = app

ghci> :m Control.Applicative

ghci> 1let f = fmap (¥) ( Just 5 )
ghci> £ <*> (Just 3)

Just 15

ghci> Just (5%) <*> (Just 3)
Just 15

ghci> Just (%) <x> (Just 5) <*> (Just 3)
Just 15
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Instancje Applicative: Maybe

Operator (<$>) poprawia czytelnos¢.

(<$>) :: (Functor f) => (a -> b) -> f a -> f b
f <$> x = fmap f x
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Instancje Applicative: Maybe

Operator (<$>) poprawia czytelnos¢.

(<$>) :: (Functor f) => (a -> b) -> f a -> f b
f <$> x = fmap f x

ghci> (*) <$> (Just 5) <x> (Just 3)

Just 15
ghci> (++) <$> Just <> Just
Just
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Instancje Applicative: List

instance Applicative [] where
pure x = [x]
fs <*> xs = [f x | £ <- fs, x <- xs]
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Instancje Applicative: List

instance Applicative [] where
pure x = [x]
fs <*> xs = [f x | £ <- fs, x <- xs]

Typ (<*>) zawezony dla list:
(<¥>) :: [a -> bl -> [a] -> [b]
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Instancje Applicative: List

instance Applicative [] where
pure x = [x]
fs <*> xs = [f x | £ <- fs, x <- xs]

Typ (<*>) zawezony dla list:

(<%>) :: [a => b] -> [a] —> [b]

Kazda funkcja z listy z lewej jest aplikowana do kazdego
argumentu ze Srodkowej listy.
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Instancje Applicative: List

ghci> [sin, sqrt.abs] <x> [-3.141592, 9]
[-6.5359e-7,0.4121,1.7725,3.0]
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Instancje Applicative: List

ghci> [sin, sqrt.abs] <x> [-3.141592, 9]
[-6.5359e-7,0.4121,1.7725,3.0]

ghci> (\x y -> (x,y)) <$> [2,7] <*> [’A’, ’B’]
[(2,°4°),(2,’B?) ,(7,’A°),(7,’B")]
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Instancje Applicative: List

ghci> [sin, sqrt.abs] <x> [-3.141592, 9]
[-6.5359e-7,0.4121,1.7725,3.0]

ghci> (\x y -> (x,y)) <$> [2,7] <*> [’A’, ’B’]
[(2,°4°),(2,’B?) ,(7,’A°),(7,’B")]

Zagadka:

ghci> length $ map (\x y z -> (x, y + z)) [’A’..°E’]
<*> [-4..5] <x> [-5..4]
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Instancje Applicative: List

ghci> [sin, sqrt.abs] <x> [-3.141592, 9]
[-6.5359e-7,0.4121,1.7725,3.0]

ghci> (\x y -> (x,y)) <$> [2,7] <*> [’A’, ’B’]
[(2,°4°),(2,’B?) ,(7,’A°),(7,’B")]

Zagadka:

ghci> length $ map (\x y z -> (x, y + z)) [’A’..°E’]
<*> [-4..5] <x> [-5..4]

5 % 10 * 10 = 500
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Instancje Applicative: List

ghci> [sin, sqrt.abs] <x> [-3.141592, 9]
[-6.5359e-7,0.4121,1.7725,3.0]

ghci> (\x y -> (x,y)) <$> [2,7] <*> [’A’, ’B’]
[(2,°4°),(2,’B?) ,(7,’A°),(7,’B")]

Zagadka:

ghci> length $ map (\x y z -> (x, y + z)) [’A’..°E’]
<*> [-4..5] <x> [-5..4]

5 % 10 * 10 = 500
Czy to jedyny sensowny sposdb uczynienia listy instancjg
Applicative?

Grzegorz tos Funktory aplikatywne & Parsery kombinatoryczne



Instancje Applicative: 10

(<*>) :: I0 (a -> b) -> I0 a -> I0 b

instance Applicative IO where

pure = return
a <*> b = do
f <- a
x <- b

return (f x)
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Instancje Applicative: 10

(<*>) :: I0 (a -> b) -> I0 a -> I0 b

instance Applicative IO where

pure = return
a <*> b = do
f <- a
x <- b

return (f x)

Kazda monada moze by¢ funktorem aplikatywnym, (wystarczy
spojrze¢ na funkcje 1iftM, ap), ale nie na odwrdét.
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Instancje Applicative: 10

sequence [I0 a] -> I0 [al

sequence [] = return []
sequence (c:cs) = do
x <- ¢

Xs <- sequence cs
return (x:xs)
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Instancje Applicative: 10

sequence :: [I0 al] -> I0 [al

sequence [] = return []
sequence (c:cs) = do
x <- ¢C
xs <- sequence cs
return (x:xs)

[1 = return []
= (:) <$> c <*> sequence cs

sequence
sequence (c:cs)
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Instancje Applicative: ((->) r)

e Co to jest ((->) r)?
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Instancje Applicative: ((->) r)

e Co to jest ((->) r)?
@ Funkcje to pudetka.
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Instancje Applicative: ((->) r)

e Co tojest ((->) r)?
@ Funkcje to pudetka.
fmap :: (a -> b) -> (r -> a) -> (r -> b)

instance Functor ((->) r) where
fmap £ g = (\x -> f (g x))
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Instancje Applicative: ((->) r)

e Co tojest ((->) r)?
@ Funkcje to pudetka.
fmap :: (a -> b) -> (r -> a) -> (r -> b)

instance Functor ((->) r) where
fmap £ g = (\x -> f (g x))

(<x¥>) :: (r -> a -> b) -> (r -> a) -> (r -> b)
instance Applicative ((->) r) where
pure x = (\_ -> x)

f <> g =\x -> f x (g x)
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Instancje Applicative: ((->) r)

ghci> (+) <$> sqrt <x> ("2) $ 4
18.0
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Instancje Applicative: ((->) r)

ghci> (+) <$> sqrt <x> ("2) $ 4
18.0

Zagadka:

ghci> let f xs = if (even $ length xs)
then subtract
else (+)

ghci> f <*> sum <*> product $ [1..4]
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Instancje Applicative: ((->) r)

ghci> (+) <$> sqrt <x> ("2) $ 4
18.0

Zagadka:

ghci> let f xs = if (even $ length xs)
then subtract
else (+)

ghci> f <*> sum <*> product $ [1..4]

14
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Instancje Applicative: ((->) r)

Obliczanie wartosci drzewa wyrazen.

data Exp v = Var v
| Val Int
| Add (Exp v) (Exp v)
eval :: Exp v -> Env v -> Int
eval (Var x) env = fetch x env
eval (Val i) env = i
eval (Add p q) env = eval p env + eval q env

Korzystajac z tego, ze ((->) r) jest funktorem aplikatywnym
implementacja sie upraszcza:
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Instancje Applicative: ((->) r)

Obliczanie wartosci drzewa wyrazen.

data Exp v = Var v
| Val Int
| Add (Exp v) (Exp v)
eval :: Exp v -> Env v -> Int
eval (Var x) env = fetch x env
eval (Val i) env = i
eval (Add p q) env = eval p env + eval q env

Korzystajac z tego, ze ((->) r) jest funktorem aplikatywnym
implementacja sie upraszcza:

eval (Var x) = fetch x
eval (Val i) = pure i
eval (Add p q) = (+) <$> eval p <x*x> eval q
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Prawa funktoréw aplikatywnych:

identity
pure id <*> v = v
composition
pure (.) <x> u <*> v <k> w = u <x> (v <*> w)
homomorphism
pure f <*> pure x = pure (f x)
interchange
u <*> pure y = pure ($ y) <*> u
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Pomocnicze operatory

(%>)

u *>

(<)

u <x*

clas

Applicative £ => f a -> £ b -> £ b
v = pure (const id) <*> u <*> v

Applicative £ => f a -> f b -> f a
vV = pure const <x> u <*> v

s Applicative f => Alternative f where
-- The tdentity of ’<[>’

empty :: f a

-- An associative binary operation
(<[> :: fa->fa->1fa
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Co to jest parser?

type Parser = String -> Tree
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Co to jest parser?

type Parser = String -> Tree

type Parser = String -> (Tree, String)
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Co to jest parser?

type Parser = String -> Tree
type Parser = String -> (Tree, String)
type Parser = String -> [(Tree, String)]
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Co to jest parser?

type Parser String -> Tree

type Parser String -> (Tree, String)

type Parser String -> [(Tree, String)]

type Parser a = String -> [(a, String)]
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Co to jest parser?

type Parser String -> Tree

type Parser String -> (Tree, String)

type Parser String -> [(Tree, String)]

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

type ParserFun a = String -> [(a,String)]
newtype Parser a Parser { parse :: ParserFun a }
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Podstawowe cegietki

result :: a -> Parser a

result v = Parser $ \inp -> [(v,inp)]
ghci> parse (result )

¢ s )]
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Podstawowe cegietki

result :: a -> Parser a

result v = Parser $ \inp -> [(v,inp)]
ghci> parse (result )

[( s )1

zero :: Parser a

zero = Parser $ \inp -> []

ghci> parse zero

(]
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Podstawowe cegietki

result :: a -> Parser a

result v = Parser $ \inp -> [(v,inp)]
ghci> parse (result )

[( s )1

zero :: Parser a

zero = Parser $ \inp -> []

ghci> parse zero

(]
item :: Parser Char
item = Parser $ \inp -> case inp of

o ->10n

(x:xs8) -> [(x,x8)]

ghci> parse item

(2, )]
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Sktadanie parseréw

Bardziej skomplikowane parsery mozna tworzy¢ poprzez taczenie
wynikdéw prostszych parserdéw. W tym celu mozna uczyni¢ Parser
instancja klasy Monad.
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Sktadanie parseréw

Bardziej skomplikowane parsery mozna tworzy¢ poprzez taczenie
wynikdéw prostszych parserdéw. W tym celu mozna uczyni¢ Parser
instancja klasy Monad.
bind :: ParserFun a -> (a -> ParserFun b)
-> ParserFun b
bind p £ = \inp ->
concat [f v out | (v,out) <- p inp]
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Sktadanie parseréw

Bardziej skomplikowane parsery mozna tworzy¢ poprzez taczenie
wynikdéw prostszych parserdéw. W tym celu mozna uczyni¢ Parser
instancja klasy Monad.
bind :: ParserFun a -> (a -> ParserFun b)
-> ParserFun b
bind p £ = \inp ->
concat [f v out | (v,out) <- p inp]

instance Monad Parser where

--return :: a -> Parser a
return = result
--(>>=) :: Parser a -> (a -> Parser b) -> Parser b

(Parser p) >>= f = Parser $ bind p (parse . f)
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Mozna takze “uruchomié” niezaleznie dwa parsery i potaczy¢ ich
wyniki.
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Mozna takze “uruchomié” niezaleznie dwa parsery i potaczy¢ ich

wyniki.
instance MonadPlus Parser where
-- mzero :: Parser a
mzero = zero
-- mplus :: Parser a -> Parser a -> Parser a

(Parser p) ‘mplus‘ (Parser q) =
Parser $ \inp -> (p inp ++ q inp)
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Mozna takze “uruchomié” niezaleznie dwa parsery i potaczy¢ ich

wyniki.
instance MonadPlus Parser where
-- mzero :: Parser a
mzero = zero
-- mplus :: Parser a -> Parser a -> Parser a

(Parser p) ‘mplus‘ (Parser q) =
Parser $ \inp -> (p inp ++ q inp)

Dla uproszczenia zapisu wprowadzmy operator (<+>):

infixl 3 <+>
(<+>) = mplus
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Sktadanie parseréw

Alternatywnym podejéciem jest uczynienie parsera funktorem
aplikatywnym.
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Sktadanie parseréw

Alternatywnym podejéciem jest uczynienie parsera funktorem
aplikatywnym.

instance Functor Parser where
-- fmap :: (a -> b) -> Parser a -> Parser b
fmap f (Parser p) = Parser $ \inp ->
map (\(x,str) -> (£ x, str)) $ p inp
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Sktadanie parseréw

Alternatywnym podejéciem jest uczynienie parsera funktorem
aplikatywnym.

instance Functor Parser where
-- fmap :: (a -> b) -> Parser a -> Parser b
fmap f (Parser p) = Parser $ \inp ->
map (\(x,str) -> (£ x, str)) $ p inp

instance Applicative Parser where
-- pure :: a -> Parser a
pure = result

--(<*>) :: Parser (a -> b) -> Parser a -> Parser b
(<*>) = ap
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Zamiast MonadPlus mozna uzywaé Alternative.
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Zamiast MonadPlus mozna uzywaé Alternative.

instance Alternative Parser where

-- empty :: Parser a
empty = zero
-- (</>) :: Parser a -> Parser a -> Parser a

(Parser p) <I|> (Parser q) =
Parser $ \inp -> (p inp ++ q inp)
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W dalszej czesci prezentacji bedziemy przedstawiaé parsery
budowane w sposéb monadyczny. Mozna to zrobi¢ aplikatywnie —
jest to zadaniem domowym.
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Parsowanie znakdéw

sat :: (Char -> Bool) -> Parser Char
sat p = do
x <- item
if p x then result x
else zero
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Parsowanie znakdéw

sat :: (Char -> Bool) -> Parser Char
sat p = do
x <- item
if p x then result x
else zero

char :: Char -> Parser Char
char x = sat (\y -> x == y)
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Parsowanie znakdéw

sat :: (Char -> Bool) -> Parser Char
sat p = do
x <- item
if p x then result x
else zero

char :: Char -> Parser Char
char x = sat (\y -> x == y)

ghci> parse (char ’d’)

(]
ghci> parse (char °’D?’)
(¢’n’, )]
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Parsowanie znakdéw

digit :: Parser Char
digit = sat (\x -> ’0’ <= x && x <= ’9’)
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Parsowanie znakdéw

digit :: Parser Char
digit = sat (\x -> 0’ <= x && x <= ’9?)
lower :: Parser Char
lower = sat (\x -> ’a’ <= x && x <= ’z’)
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Parsowanie znakdéw

digit :: Parser Char
digit = sat (\x -> 0’ <= x && x <= ’9?)
lower :: Parser Char
lower = sat (\x -> ’a’ <= x && x <= ’z’)

upper :: Parser Char
upper sat (\x -> ’A’ <= x && x <= °Z’)
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Parsowanie znakdéw

digit :: Parser Char
digit = sat (\x -> ’0’ <= x && x <= ’9’)
lower :: Parser Char
lower = sat (\x -> ’a’ <= x && x <= ’z’)

upper :: Parser Char

upper = sat (\x -> ’A’ <= x && x <= ’Z’)
letter :: Parser Char

letter = lower <+> upper
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Parsowanie znakdéw

digit :: Parser Char
digit = sat (\x -> 0’ <= x && x <= ’9?)
lower :: Parser Char
lower = sat (\x -> ’a’ <= x && x <= ’z’)

upper :: Parser Char

upper = sat (\x -> ’A’ <= x && x <= ’Z’)
letter :: Parser Char

letter = lower <+> upper

alphanum :: Parser Char

alphanum = letter <+> digit
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Coraz bardziej skomplikowane parsery

string :: String -> Parser String
string = result
string (x:xs) = do

char x

string xs
result (x:xs)

ghci> parse (string )
¢ s )]

ghci> parse (string )
(]
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Coraz bardziej skomplikowane parsery

word :: Parser String
word = do
x <- letter
xs <- word
return (x:xs)
<+> result

ghci> parse word

[( ) ), ( ) ),
( , ), ( , ),
( ) ), )]
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Coraz bardziej skomplikowane parsery

word :: Parser String
word = do
x <- letter
xs <- word
return (x:xs)
<+> result

ghci> parse word

[( ) ), ( , ),
( , ), ( , ),
( , ), )]
many :: Parser a -> Parser [a]

many p = do
X <-p
Xxs <- many p
return (x:xs)
<+> result []
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Coraz bardziej skomplikowane parsery

ident :: Parser String
ident = do
x <- lower
xs <- many alphanum
result (x:xs)
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Coraz bardziej skomplikowane parsery

ident :: Parser String
ident = do
x <- lower
xs <- many alphanum
result (x:xs)

manyl :: Parser a -> Parser [a]
manyl p = do
x <- p

xs <- many p
return (x:xs)
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Coraz bardziej skomplikowane parsery

ident :: Parser String
ident = do
x <- lower
xs <- many alphanum
result (x:xs)

manyl :: Parser a -> Parser [a]
manyl p = do

x <- p

xs <- many p

return (x:xs)

ghci> parse (many letter)

[( "L (C , ), ( , ), )]
ghci> parse (manyl letter)

[( 1)L (C ) ), ( ) )]

ghci> parse ident

(]
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Parsowanie liczb

nat :: Parser Int
nat = 1iftM read (manyl digit)

hci> parse nat
g P

[(27, ), (2, )]
ghci> parse nat
(]
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Parsowanie liczb

nat :: Parser Int
nat = 1iftM read (manyl digit)

ghci> parse nat

[ca7, ), (2, )]

ghci> parse nat

[]

int :: Parser Int

int = do{_<- char ’-’; n <- nat; return (-n)} <+> nat

ghci> parse int

[(-17, ), (-1, )]
ghci> parse int
(]
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Parsowanie wartosci odzielonych separatorem

sepbyl :: Parser a -> Parser b -> Parser [a]
p ‘sepbyl‘ sep = do
X <-p
xs <- many (do
sep
y <= P

return y )
return (x:xs)
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Parsowanie wartosci odzielonych separatorem

sepbyl :: Parser a -> Parser b -> Parser [a]
p ‘sepbyl‘ sep = do
X <-p
xs <- many (do
sep
y <= P

return y )
return (x:xs)

sepby :: Parser a -> Parser b -> Parser [al
p ‘sepby‘ sep = (p ‘sepbyl‘ sep) <+> (result [])

ghci> parse (sepbyl digit (char ’;’))
[( s ), ( , ), ( , )]

Grzegorz tos Funktory aplikatywne & Parsery kombinatoryczne



Parsowanie tablicy liczb

bracket :: Parser a -> Parser b -> Parser c¢
-> Parser b
bracket open p close = do
open
res <- p
close

return res
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Parsowanie tablicy liczb

bracket :: Parser a -> Parser b -> Parser c¢
-> Parser b
bracket open p close = do
open
res <- p
close

return res
intArray :: Parser [Int]

intArray = bracket (char ’{’)
(sepby int (char ’,’)) (char ’}’)
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Parsowanie tablicy liczb

bracket :: Parser a -> Parser b -> Parser c¢
-> Parser b
bracket open p close = do
open
res <- p
close

return res
intArray :: Parser [Int]
intArray = bracket (char ’{’)
(sepby int (char ’,’)) (char ’}’)

ghci> parse intArray
[(r12,67,51,""1

ghci> parse intArray

CCT, "]

ghci> parse intArray

(]
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Parsowanie wyrazen

Bedziemy parsowaé wyrazenia arytmetyczne opisane gramatyka

expr ::= expr addop term | term

term ::= term multop factor | factor

factor ::= baseOrExp expop factor | baseOrExp
baseOrExp ::= integer | ( expr )

addop ::= + | -

multop ::= * | /

exXpop ::= **

Priorytet i tacznos$¢ operatoréw jest zgodna z typowa konwencja.
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Parsowanie wyrazen

chainll :: Parser a -> Parser (a -> a -> a) -> Parser
a
p ‘chainll‘ op = do
x <- P
fs <- many (do
f <- op
y <-p

return (flip f y))
return $§ foldl (.) id fs x
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Parsowanie wyrazen

chainll :: Parser a -> Parser (a -> a -> a) -> Parser
a
p ‘chainll‘ op = do
x <- P
fs <- many (do
f <- op
y <-p

return (flip f y))
return $§ foldl (.) id fs x

expr :: Parser Int
expr = term ‘chainll‘ addop
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Parsowanie wyrazen

chainll :: Parser a -> Parser (a -> a -> a) -> Parser
a
p ‘chainll‘ op = do
x <- P
fs <- many (do
f <- op
y <-p

return (flip f y))
return $§ foldl (.) id fs x

expr :: Parser Int

expr = term ‘chainll‘ addop
term :: Parser Int

term = factor ‘chainll‘ multop
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Parsowanie wyrazen

chainrl :: Parser a -> Parser (a -> a -> a) -> Parser

a
p ‘chainrl® op = do
fs <- many (do

y <- P

f <- op

return (f y))
x <-p

return $ foldr (.) id fs x
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Parsowanie wyrazen

chainrl :: Parser a -> Parser (a -> a -> a) -> Parser

a
p ‘chainrl® op = do
fs <- many (do

y <- P

f <- op

return (f y))
x <-p

return $ foldr (.) id fs x

factor :: Parser Int
factor = baseOrExp ‘chainrl‘ expop
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Parsowanie wyrazen

baseOrExp :: Parser Int
baseOrExp = nat <+> bracket (char ’(’) expr (char ’)’)
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Parsowanie wyrazen

baseOrExp :: Parser Int
baseOrExp = nat <+> bracket (char ’(’) expr (char ’)’)

parseOp :: String -> fun -> Parser fun
parseOp str fun = (string str >> return fun)
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Parsowanie wyrazen

baseOrExp :: Parser Int
baseOrExp = nat <+> bracket (char ’(’) expr (char ’)’)

parseOp :: String -> fun -> Parser fun
parseOp str fun = (string str >> return fun)
parseOps :: [(String, fun)] -> Parser fun

parseOps = foldr (\(s,f) acc ->
(parselp s f) <+> acc) zero

Grzegorz tos Funktory aplikatywne & Parsery kombinatoryczne



Parsowanie wyrazen

baseOrExp :: Parser Int
baseOrExp = nat <+> bracket (char ’(’) expr (char ’)’)

parseOp :: String -> fun -> Parser fun
parseOp str fun = (string str >> return fun)
parseOps :: [(String, fun)] -> Parser fun

parseOps = foldr (\(s,f) acc ->
(parselp s f) <+> acc) zero

addop = parseOps [( , (#)),

( ,» (-1
multop = parseOps [( , (%)),

( , (div))]
expop = parseOp Q)
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Parsowanie wyrazen

Sprawdzmy naszg implementacje!

ghci> parse expr

[(2,"", 4, ), (8, )]
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Parsowanie wyrazen

Sprawdzmy naszg implementacje!

ghci> parse expr

[(2,"", 4, ), (8, )]

ghci> parse expr

[(512,""), (8, ), (2, )]
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Parsowanie wyrazen

Sprawdzmy naszg implementacje!
ghci> parse expr

[(2,"", 4, ), (8, )]

ghci> parse expr

[(512,""), (8, ), (2, )]

ghci> parse expr

[z, ", (8, ), (2, )]
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Usuwanie biatych znakéw

spaces :: Parser ()

spaces = do
manyl (sat Char.isSpace)
return ()

comment :: Parser ()
comment = do
string

many (sat (\x -> x /= ’\n’))
return ()

junk :: Parser ()

junk = do
many (spaces <+> comment)
return ()
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Usuwanie biatych znakéw

clear
clear p

natural
natural

integer
integer

symbol::

symbol xs

Parser a -> Parser a
junk >> p

Parser Int
clear nat

Parser Int
clear int

String -> Parser String
= clear (string xs)
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Usuwanie biatych znakéw

clear :: Parser a -> Parser a
clear p = junk >> p

natural :: Parser Int

natural = clear nat

integer :: Parser Int

integer = clear int

symbol:: String -> Parser String

symbol xs = clear (string xs)
identifier :: [Stringl] -> Parser String
identifier ks = clear $ do

x <- ident

if (elem x ks)
then zero
else return x
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@ Monadic parser combinators. Graham Hutton, Erik Meijer.
Technical report NOTTCS-TR-96-4, Department of Computer
Science, University of Nottingham, 1996.

o Applicative Programming with Effects. Conor McBride and
Ross Paterson. 2008.

e http://learnyouahaskell.com/ ©
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