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fpSpammer :: Haxl Bool
fpSpammer = 
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fpSpammer :: Haxl Bool
fpSpammer = 
talkingAboutFP
where
talkingAboutFP = 
strContains “Functional Programming” <$> postContent

▪

postContent :: Haxl Text



fpSpammer :: Haxl Bool
fpSpammer = 
talkingAboutFP .&&
numFriends .> 100 
where
talkingAboutFP = 

strContains “Functional Programming” <$> postContent

(.&&) :: Haxl Bool -> Haxl Bool -> Haxl Bool
(.>)  :: Ord a => Haxl a -> Haxl a -> Haxl Bool
numFriends :: Haxl Int



fpSpammer :: Haxl Bool
fpSpammer = 
talkingAboutFP .&&
numFriends .> 100 .&&
friendsLikeCPlusPlus
where
talkingAboutFP = 

strContains “Functional Programming” <$> postContent

friendsLikeCPlusPlus = do
friends <- getFriends
cppFriends <- filterM likesCPlusPlus friends
return (length cppFriends >= length friends `div` 2)
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fpSpammer :: Haxl Bool
fpSpammer = 
talkingAboutFP .&&
numFriends .> 100 .&&
friendsLikeCPlusPlus
where
talkingAboutFP = 

strContains “Functional Programming” <$> postContent

friendsLikeCPlusPlus = do
friends <- getFriends
cppFriends <- filterM likesCPlusPlus friends
return (length cppFriends >= length friends `div` 2)
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▪

(.&& )= liftA2 (&&)
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friendsLikeCPlusPlus = do
friends <- getFriends
cppFriends <- filterM likesCPlusPlus friends
...



numCommonFriends a b = do
fa <- friendsOf a
fb <- friendsOf b
return (length (intersect fa fb))





▪

▪

data Result a
= Done a
| Blocked (Seq BlockedRequest) (Haxl a)

newtype Haxl a = Haxl { unHaxl :: IO (Result a) }



instance Monad Haxl where
return a = Haxl $ return (Done a)

Haxl m >>= k = Haxl $ do
r <- m
case r of

Done a       -> unHaxl (k a)
Blocked br c -> return (Blocked br (c >>= k))



•

•

numCommonFriends a b = do
fa <- friendsOf a
fb <- friendsOf b
return (length (intersect fa fb))



▪

▪

numCommonFriends a b =
length <$> (intersect <$> friendsOf a <*> friendsOf b)

class Applicative f where
pure  :: a -> f a
(<*>) :: f (a -> b) -> f a -> f b

class Monad m where
return :: a -> m a
(>>=)  :: m a -> (a -> m b) -> m b 
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▪

instance Applicative Haxl where
pure = return

Haxl f <*> Haxl x = Haxl $ do
f' <- f
x' <- x
case (f',x') of

(Done g,        Done y       ) -> return (Done (g y))
(Done g,        Blocked br c ) -> return (Blocked br (g <$> c))
(Blocked br c,  Done y       ) -> return (Blocked br (c <*> return y))
(Blocked br1 c, Blocked br2 d) -> return (Blocked (br1 <> br2) (c <*> d))
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▪

fetch :: [BlockedRequest] -> IO ()

runHaxl :: Haxl a -> IO a
runHaxl (Haxl h) = do
r <- h
case r of

Done a -> return a
Blocked br cont -> do

fetch (toList br)
runHaxl cont



(intersect <$> friendsOf x) <*> friendsOf y
= 
(friendsOf x >>= return . intersect) <*> friendsOf y
= 
(Blocked [FriendsOf x] (get (FriendsOf x)) >>= return . intersect)

<*> friendsOf y
= 
(Blocked [FriendsOf x] (get (FriendsOf x) >>= return . intersect))

<*> friendsOf y
=
(Blocked [FriendsOf x] (get (FriendsOf x) >>= return . intersect))

<*>  Blocked [FriendsOf y] (get (FriendsOf y))
=
Blocked [FriendsOf x, FriendsOf y]

((get (FriendsOf x) >>= return . intersect) <*> get (FriendsOf y))

(<$>) = fmap
fmap f m = m >>= return . f

friendsOf :: UserId -> Haxl [UserId]
friendsOf x = 

Haxl (return (Blocked [FriendsOf x] (get (FriendsOf x))
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sequence :: Monad m => [m a] -> m [a]
mapM :: Monad m => (a -> b) -> m [a] -> m [b]
filterM :: Monad m => (a -> m Bool) -> [a] -> m [a]

friendsLikeCPlusPlus = do
friends <- getFriends
cppFriends <- filterM likesCPlusPlus friends
...
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blog :: Haxl Html
blog = renderPage <$> leftPane <*> mainPane

getAllPostsInfo :: Haxl [PostInfo]
getAllPostsInfo = do

ids <- getPostIds
mapM getPostInfo ids
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numCommonFriends a b = do
fa <- friendsOf a
fb <- friendsOf b
return (length (intersect fa fb))

numCommonFriends a b =
length <$> (intersect <$> friendsOf a <*> friendsOf b)



numCommonFriends = do
fx <- friendsOf x
fy <- friendsOf y
return (length (intersect fx fy))

numCommonFriends = 
length <$> (intersect <$> friendsOf x <*> friendsOf y)
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do x1 <- A
x2 <- B
return (x1,x2)

A >>= \x1 ->
B >>= \x2 ->
return (x1,x2)

(,) <$> A <*> B

f <$> ma = ma >>= \a ->
return (f a)

mf <*> ma = mf >>= \f -> 
ma >>= \a -> 
return (f a)
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do x1 <- A
x2 <- B[x1]
return (x1,x2)

(<*>) :: Applicative f => f (a -> b) -> f a        -> f b
(>>=) :: Monad f => f a -> (a -> f b) -> f b
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do x1 <- A
x2 <- B
x3 <- C[x1]
x4 <- D[x2]
return (x3,x4)



do x1 <- A
x2 <- B
x3 <- C[x1]
x4 <- D[x2]
return (x3,x4)

((,) <$> A <*> B) >>= \(x1,x2) ->
(,) <$> C[x1] <*> D[x2]
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(,) <$> (A >>= \x1 -> C[x1])
<*> (B >>= \x2 -> D[x2])

((,) <$> A <*> B) >>= \(x1,x2) ->
(,) <$> C[x1] <*> D[x2]
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do x1 <- A
x2 <- B
x3 <- C[x1]
x4 <- D[x2]
return (x3,x4)

(,) <$> (A >>= \x1 -> C[x1])
<*> (B >>= \x2 -> D[x2])
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do x1 <- A
x2 <- B
x3 <- C[x1]
x4 <- D[x2]
return (x3,x4)
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do x <- A
y <- B
z <- C[x]
return (y + z)
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do x1 <- A
x2 <- B
x3 <- C[x1]
x4 <- D[x2]
return (x3,x4)

((,) <$> A <*> B) >>= \(x1,x2) ->
(,) <$> C[x1] <*> D[x2]

join ((\x1 x2 -> (,) C[x1] <*> D[x2]) <$> A <*> B)

join :: Monad m => m (m a) -> m a
join m = m >>= id



▪

do x1 <- A
x2 <- B[x1]
x3 <- C
return (x2,x3)

{ x1 <- A; x2 <- B[x1] }  |  { x3 <- C }

(\x2 x3 -> (x2,x3))
<$> (A >>= \x1 -> B[x1])
<*> C
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l = { s1 ; ... ; sn }

s = ( l1 | ... | ln )

do x1 <- A
x2 <- B[x1]
x3 <- C
return (x2,x3)

{ x1 <- A; x2 <- B[x1] }  |  { x3 <- C }
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do x1 <- A
x2 <- B[x1]
x3 <- C
return (x2,x3)

do x1 <- A
x2 <- B[x1]
x3 <- C
return (x2,x3)

rearrange { x1 <- A; x2 <- B[x1] }
| rearrange { x3 <- C }
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rearrange { x1 <- A; x2 <- B[x1] }
= { x1 <- A; x2 <- B[x1] }

rearrange { x3 <- C }
= { x3 <- C }

{ x1 <- A; x2 <- B[x1] } | { x3 <- C }



▪

desugar ({ x1 <- A; x2 <- B[x1] } | { x3 <- C }) (x2,x3)

(\x2 x3 -> (x2,x3)) 
<$> desugar { x1 <- A; x2 <- B[x1] } x2
<*> desugar { x3 <- C } x3
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(\x2 x3 -> (x2,x3)) 
<$> desugar { x1 <- A; x2 <- B[x1] } x2
<*> desugar { x3 <- C } x3

desugar { x3 <- C } x3
=

C

desugar { x1 <- A; x2 <- B[x1] } x2
= 

A >>= \x1 -> desugar { x2 <- B[x1] } x2
=

A >>= \x1 -> B[x1]



(\x2 x3 -> (x2,x3)) 
<$> (A >>= \x1 -> B[x1])
<*> C

do x1 <- A
x2 <- B[x1]
x3 <- C
return (x2,x3)
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x1 <- A
x2 <- B[x1]
x3 <- C
x4 <- D[x3]
x5 <- E[x1,x4]
return (x2,x4,x5)
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{ s1 ; ... ; sn }

rearrange { s1 ; ... ; si-1 } ; rearrange { si ; ... ; sn }



x1 <- A
x2 <- B[x1]
x3 <- C
x4 <- D[x3]
x5 <- E[x1,x4]
return (x2,x4,x5)

A ; (B|{C;D;E})  (cost 4)



x1 <- A
x2 <- B[x1]
x3 <- C
x4 <- D[x3]
x5 <- E[x1,x4]
return (x2,x4,x5)

A;B ; C;D;E    (cost 5)



x1 <- A
x2 <- B[x1]
x3 <- C
x4 <- D[x3]
x5 <- E[x1,x4]
return (x2,x4,x5)

({A;B}|C) ; D;E    (cost 4)



x1 <- A
x2 <- B[x1]
x3 <- C
x4 <- D[x3]
x5 <- E[x1,x4]
return (x2,x4,x5)

({A;B}|{C;D}) ; E   (cost 3)



▪

join (\(x1,x2) x4 -> 
E[x1,x4] >>= \x5 -> pure (x2,x4,x5))

<$> (A >>= \x1 -> B[x1] >>= \x2 -> return (x1,x2))
<*> (C >>= \x3 -> D[x3])
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setAllocationCounter :: Int64 -> IO ()
getAllocationCounter :: IO Int64

enableAllocationLimit :: IO ()
disableAllocationLimit :: IO ()
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