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type P s a

-- parser combinators
symbol :: P s s
fail   :: P s a
(+++)  :: P s a -> P s a -> P s a

-- monadic operators
return :: a -> P s a
(>>=)  :: P s a -> (a -> P s b) -> P s b
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[|_|] :: P s a -> [s] -> {(a,[s])}
[|symbol|]   (c:s) = {(c,s)}
[|symbol|]   []    = {}
[|fail|]     s     = {}
[|p +++ q|]  s     = [|p|] s \/ [|q|] s
[|return x|] s     = {(x,s)}
[|p >>= k|]  s     =
{ (y,s’’) | (x,s’)  <- [|p|] s

, (y,s’’) <- [|k x|] s’
}
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data P s a = Symbol            -- wrong!
| Fail
| P s a :+++ P s a
| ∀∀∀∀b . P s b :>>= (b -> P s a)
| Return a

3�&����	�����	���(��� �����)

data P s a where
Symbol :: P s s
Fail :: P s a
(:+++) :: P s a -> P s a -> P s a
(:>>=) :: P s a -> (a -> P s b) -> P s b
Return :: a -> P s a

3�&����	�����	���(33)
-- extra operation
symbolMap :: (s -> a) -> P s a

-- semantics
[|symbolMap h|] (c:s) = {(h c,s)}
[|symbolMap h|] []    = {}

-- correct datatype
data P s a = SymbolMap (s -> a)

| Fail
| P s a :+++ P s a
| ∀∀∀∀b . P s b :>>= (b -> P s a)
| Return a

3�&����	�����	���(333)

symbol = SymbolMap id
fail   = Fail
(+++)  = (:+++)
(>>=)  = (:>>=)
return = Return

3�&����	�����	���(3')

parse :: P s a -> [s] -> {(a,[s])}
parse (SymbolMap h) (c:s) = {(h c,s)}
parse (SymbolMap h) []    = {}
parse Fail       s = {}
parse (p :+++ q) s = parse p s \/ parse q s
parse (Return x) s = {(x,s)}
parse (p :>>= k) s =
{ (y,s’’) | (x,s’)  <- parse p s

, (y,s’’) <- parse (k x) s’
}
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-- new constructor
SymbolBind k === symbol >>= k

-- new datatype
data P s a = SymbolBind (s -> P s a)

| Fail
| P s a :+++ P s a
| Return a

3�&����	�����	�*�(33)
-- unchanged operations
fail   = Fail
(+++)  = (:+++)
return = Return

-- new symbol
symbol = SymbolBind return

-- new >>=
SymbolBind f >>= k = SymbolBind (\c.f c>>=k)
Fail         >>= k = Fail
(p :+++ q)   >>= k = (p>>=k) :+++ (q>>=k)
Return x     >>= k = k x

3�&����	�����	�*�(333)

parse :: P s a -> [s] -> {(a,[s])}
parse (SymbolBind f) (c:s) = parse (f c) s
parse (SymbolBind f) []    = {}
parse Fail       s = {}
parse (p :+++ q) s = parse p s \/ parse q s
parse (Return x) s = {(x,s)}
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-- new constructor
ReturnPlus x p === return x +++ p

-- new datatype
data P s a = SymbolBind (s -> P s a)

| Fail
| ReturnPlus a (P s a)

3�&����	�����	���(33)
-- unchanged operations
fail   = Fail
symbol = SymbolBind return

-- new return
return x = ReturnPlus x Fail

3�&����	�����	���(333)
-- new +++
SymbolBind f +++ SymbolBind g =

SymbolBind (\c.f c +++ g c)
Fail    +++ q        = q
p       +++ Fail     = p
ReturnPlus x p +++ q = ReturnPlus x (p+++q)
p +++ ReturnPlus x q = ReturnPlus x (p+++q)

-- new >>=
SymbolBind f >>= k = SymbolBind (\c.f c>>=k)
Fail         >>= k = Fail
ReturnPlus x p >>= k = k x +++ (p>>=k)
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parse :: P s a -> [s] -> {(a,[s])}
parse (SymbolBind f) (c:s) = parse (f c) s
parse (SymbolBind f) []    = {}
parse Fail             s = {}
parse (ReturnPlus x p) s = {(x,s)}\/parse p s
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parse :: P s a -> [s] -> [(a,[s])]
parse (SymbolBind f) (c:s) = parse (f c) s
parse (SymbolBind f) []    = []
parse Fail             s   = []
parse (ReturnPlus x p) s   = (x,s):parse p s
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type P’ s a

symbol’ :: P’ s s
fail’ :: P’ s a
(+++’)  :: P’ s a -> P’ s a -> P’ s a

return’ :: a -> P’ s a
(>>=’)  :: P’ s a -> (a -> P’ s b)

-> P’ s b

parse’ :: P’ s a -> [s] -> [(a,[s])]

3�&����	�����	�+

-- context: ”•••• >>=’ k”
type Ctxt s a b = a -> P’ s b
type P s a      = ∀∀∀∀.Ctxt s a b -> P’ s b

-- laws
p       === \k . p’ >>=’ k
parse p === parse’ p’

3�&����	�����	�+�(33)
-- parser combinators
symbol  = \k. SymbolBind k
fail    = \k. Fail
p +++ q = \k. p k +++’ q k

-- monadic operators
return x = \k. k x
p >>= f  = \k. p (\x. f x k)

-- run-function
parse p = parse’ (p return’)
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-- new operation
look :: P s [s]

-- semantics
[|look|] s = {(s,s)}

-- datatype
data P’ s a = ...

| LookBind ([s] -> P’ s a)
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-- add to +++’
LookBind f +++’ LookBind g =
LookBind (\s.f s +++’ g s)

LookBind f +++’ q = LookBind (\s.f s+++’q)
p +++’ LookBind f = LookBind (\s.p+++’f s)

-- add to >>=’
LookBind f >>=’ k = LookBind (\s.f s>>=’k)

-- add to parse’
parse’ (LookBind f) s = parse’ (f s) s

���
��������8������

munch :: (s -> Bool) -> P s [s]
munch r = do s <- look; inspect s
where
inspect (c:s) | r c =
do symbol

s’ <- inspect s
return (c:s’)

inspect _ =
do return []
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longest :: P s a -> P s a
try     :: P s a -> P s (Maybe a)
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parse’ :: P’ s a -> [s] -> Either Pos a
parse’ p s = track p s pos0

track (SymbolBind f) (c:s) pos =
track (f c) s $! next pos c

track (ReturnPlus x _) [] pos = Right x
track (ReturnPlus _ p) s  pos = track p s pos
track (LookBind f) s pos = track (f s) s pos
track _            _ pos = Left pos
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