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5.1 Multiparameter Type Classes

O0000000000000000000000
class Iso a b where

iso :: a > b

osi :: b ->a

instance Iso a a where iso = id

class Sub a b where
sub :: a ->b
sup :: b -> Maybe a

5.1.1 Functional Dependencies

googoboogoog“ocoo"boogogn

class Collects e ce | ce -> e where
empty :: ce

insert :: e -> ce -> ce
member :: e -> ce -> Bool

5.1.2 Associated Types

goboonoogoogoooogooooooooog

-- J00d0ooooooooogoooon

-- data Array e

-- data Array Int = IntArray UlntArray

-- data Array Bool = BoolArray BitVector

data Array (a,b) = PairArray (Array a) (Array b)
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class ArrayElem e where
data Array e
index :: Array e -> Int -> e

instance ArrayElem Int where
data Array Int = IntArray UlntArr
index (IntArray ar) i = indexUIntArr ar i

instance (ArrayElem a, ArrayElem b) => ArrayElem (a,b) where
data Array (a,b) = PairArray (Array a) (Array b)
index (PairArray ar br) i = (index ar i, index br i)

5.2 Lazy Functional State Threads funST)

‘0070000000000 00000000oooDoooCoDO (in-placeupdate) 00000
dodoon “0bgn"idoooooooooooooon

newVar :: a -> ST s (MutVar s a)
readVar :: MutVar s a -> ST s a
writeVar :: MutVar s a -> a -> ST s O

runST :: Va. (Vs. ST s a) -> a

-- 0000000000000 0ooo
-- let v = runST (newVar True)
-- in runST (readVar v)

5.2.1 Uniqueness Typé€Concurrent Clean)

OO0 “uniquenessU 00000000000 OODOO0OO single-threadedness D O O O in-place
updatel D000 OO0OOQOOOOOO

000000 HaskellDOOOOOOOOOOOOO
furitec:: Char -> *File -> *File

WriteABC:: *File -> *File
WriteABC file = fwritec ’c¢’ (fwritec ’b’ (fwritec ’a’ file))

-- 000000000000 ooOooon
-- (file, fwritec ’a’ file)
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5.3 Implicit Parameters
0000000000000000000000000000000

sortBy :: (a -> a -> Bool) -> [a] -> [a]

sort :: (?cmp :: a -> a -> Bool) => [a] -> [a]
sort = sortBy 7cmp

least :: (?cmp :: a -> a -> Bool) => [a] -> a

least xs = head (sort xs)

min :: [a] -> a
min = let ?cmp = (<=) in least

5.4 Generalized Algebraic Data Types (GADTS)

goooobogooooonogoogoon

data Term :: * -> * where
Lit :: Int -> Term Int
Inc :: Term Int -> Term Int
IsZ :: Term Int -> Term Bool
If :: Term Bool -> Term a -> Term a -> Term a
Pair :: Term a -> Term b -> Term (a,b)
Fst :: Term (a,b) -> Term a
Snd :: Term (a,b) -> Term b

Jo0Dodoo0dTerm a0 000000000

eval :: Term -> a

eval (Lit i) i

eval (Inc t) eval t + 1
eval (IsZ t) eval t ==
eval (If b t e) = if eval b then eval t else eval e
eval (Pair a b) = (eval a, eval b)

eval (Fst t) fst (eval t)
eval (Snd t) snd (eval t)

nmnooo il Il

data Monad a where
Unit :: a -> Monad a
Bind :: Monad a -> (a -> Monad b) -> Monad b

5.5 Lexically Scoped Type Variables

00000 (typeannotation) D 0000000000000 O00OOCOO0O0O0O0O0OOOCO0O

f :: forall a. [a] -> [a]
f Xxs = ys ++ ys
where
ys :: [a]
yS = reverse Xxs
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5.5.1 Arbitrary-rank Explicit Universal Quantification

O0000ooooooooooooooon higher-rankd OOOOCOOOOO0OO

foo :: ([Bool], [Char])

foo = let
f :: (forall a. [a] -> [a]l) -> ([Bool], [Charl)
f x = (x [True, Falsel, x ['a’, b’ 1)

in f reverse

oooobod
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