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class Arrow a where
arr “(b->¢)->abec
(>>>)abc->acd->abd
“first abc->a (bd (cd)
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second I Arrow a => abc ->a (d b) (d, c)
(%%x) I Arrow a =>
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(&&&) :: Arrow a =>

abc->abc ->ablcc)
. ArrowChoice a =>
abd->acd->a (Eitherbc) d
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type ErrorMsg = String

liftErrorF f = EF (f >>> arr Left)

errMsg 1 (Arrow a) => a b (Maybe ¢)

instance ArrowChoice a
arr f = liftErrorF (arr f)

first (EF f) = EF (first f >>> arr(\(c’,d)

newtype ErrorFunctor a b ¢ = EF (a b (Either ¢ ErrorMsg))

liftErrorF :: Arrow a => a b ¢ -> ErrorFunctor a b ¢

-> ErrorMsg -> ErrorFunctor a b ¢
ertMsg f emsg = EF (f >>> arr (\a -> case a of Just k -> Left k

=> Arrow (ErrorFunctor a) where

EF f >>> EF g= EF (f >>> (g ||l arr Right))
-> case ¢’ of Left ¢ -> Left (c,d)

Nothing -> Right emsg))

Right e -> Right e))
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type Env a = [(NAME,a)]
data ExpTerm

= Let NAME ExpTerm ExpTerm
| BinOp Op ExpTerm ExpTerm

| Conl Int

| Var  NAME

data TermType = TInt | TBool

expTypel :: ExpTerm
-> Trace (Env TermType) TermType
expTypel (Conl I) = arr (\_ -> TInt)
expTypel (Let name el e2)
= {(expTypel el) &&& (arr id))
>>> arr (\(tl,env) -> (name,tl):env)
>>> expTypel e2
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ErrorFunctor Trace (Env TermType)
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expType2 (Var name)
= arr (\env -> lookup name env) ‘errMsg'
("Variable"++ name ++"is not defined”)
expType2 (BinOp op el e2)
= ((expType2 el) &&& (expType2 e2))
>>> (arr (\(t1,t2) -> bopType op tl t2))
‘errMsg’
("Operand” ++ (show el) ++ "and”
++ (show €2) ++ “type not valid”)
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