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ZAKLADNI DEFI NI CE
——Co je to arrow
class Arrow a where
——povi nne
arr . (b->c) ->abec
(>>>) :: abc->acd->abd

first :: abc —->a(b,d (c,d)

—-—-nepovi nne, |ze definovat z povinnych
second :: abc ->a (d,b) (d,c)

second f = arr swap >>> first f >>> arr swap
wher e

swap (X,y) = (Y, X)

(***) :: a bl cl ->a b2 c2 ->a (bl,b2) (cl,c2)
f *** g =first f >>> second ¢

(&&&) :: abcl >abc2->ab(clc2
f & && g = arr (\b->(b, b)) >> (f *** Q)

-—Monady j sou Arrow
newtype Kleisli ma b = K (a —> nb)
i nstance Monad m=> Arrow (Kleisli nm) where

arr f = K (\b =>return (f b)) -— K (return $ f id)
Kf >>Kg=K((\b -—>1f b >>=g) -— K (f id >>= g)
first (Kf) = K (\(b,d) -—>f b >>=\c ->return (c,d))

——Dal si rozsireni Arrow

class Arrow a => ArrowZero a where zeroArrow :: a b c

class Arrow a => ArrowPlus a where (+++) :: abc ->abc->abc

——Choi ce

class Arrow a => ArrowChoi ce a where
——povi nne

left :: abc ->a (Either b d) (Either ¢ d)

——nepovi nne
right f = arr mrror >>> left f >>> arr mrror
wher e

mrror (Left x) = Right x
mrror (Right x) = Left x

f <+t> g =1left f >>>right g

f |l g=(f <+>g) >>> arr untag
wher e

untag (Left x) = x

untag (R ght x) = x

i nstance Monad m => ArrowChoice (Kleisli n) where
left (Kf) = K(\x —> case x of Left b ->f b >>=\c —-> return (Left c)
Right d —> return (R ght d))

——Apply
class Arrow a => ArrowApply a where
app :: a(abc, b)) c

instance Monad m => ArrowApply (Kleisli m where
app = K( \ (Kf, x) —>f x)

——ArrowApply uz je Minada
newt ype ArrowApply a => Arrowivbnad a b = M (a Void b)
i nstance ArrowApply a => Monad (Arrowlbnad a) where
return x = M(arr (\z —> X))
Mm>>=f = M( m>>>
arr (\x > let Mh =1f xin (h, ())) >>>
app )
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STATE

ARROW

?;od::(al—>bl)—>(a2—>b2)—>(al,a2)—>(bl,b2)

“prod’ g) (al,al)

newtype State s a b = ST {unST :

i nstance Arrow ate s) where

arr f = E. d ‘prod f)
ST f >>> ST g =ST (g . f)
first (ST s) = ST (assoc . (f°
assoc ((a, ) c) = (a,(b
unassoc (a,(b,c)) = ((a,b
fetch::State s () s
fetch = ST (\(s,_) —-> (s,58))
store::State s s ()
store = ST (\(_,s")—=>(s",()))

next Num: State Int () Int

next Num = fetch >>> arr

I NTERPRETER

--1) pronenne a cisla

= (f al, g a2)

((s,a)—>(s, b))}

od‘id) unassoc) where

((+1) " prod'id) >> first store >>> arr snd

Vv MONADACH A

data Exp = Var String | Add Exp Exp

data Val = Cslo Int

type Env = [(String, Val)]

--MONADY ARROW

eval : : Exp —> Env -> M Val eval : : Exp —=> A Env Va

eval (Var s) env = return (lookup s env) eval (Var s) = arr (Il ookup s)

eval (Add el e2) env = eval (Add el e2) =
liftM2 add (eval el env) (eval e2 env) liftA2 add (eval el) (eval e2)
wher e ——((eval el) &&& (eval e2)) >>>

add (Cislo a) (Cslob) = Cslo (atbh) ——arr (\(a,b) -> a 'add b)

-=2) podn1nky

data Exp = ... If Exp Exp Exp

data Val = | Bl Boo

--MONADY ARROW

eval (If el e2 e3) env = do eval (If el e2 e3)=(eval el &&& arr id)>>>

podm <- eval el env

arr(\ (B

b,env)->if b then Left env else Ri ght env)>>>

if b then eval e2 env (eval e2 ||| eval e3)
el se eval e3 env
—-3) | anmbda-kal kul us
data Exp = .|JLam String Exp | App Exp Exp
data Val = .| Fun (Val -> M Val) —-- nonady
data Val = .| Fun (A Vval Val) —-- arrow
--MONADY ARROW
eval (Lamx e) env = eval (Lamx e) = arr (\env —>
return (Fun (\v —> eval e((x,V) env) Fun(arr (\v—=>(x, v):env)>>>eval e))
eval (App el e2) env=eval el env>>= eval (App el e2) =
\Fun f -> eval e2 env >>=\v —>f v ((eval el>>>arr(\Fun f->f)) &&& eval e2)
>>> app
——DO NOTACE
eval (Add el e2) env = do eval (Add el e2) = proc env —> do
Cislo al <- eval el env Cslo al <- eval el —-< env
Cislo a2 <- eval e2 env Cslo a2 <- eval e2 —-< env
return $ Cislo (al + a2) returnA $ Cslo (al + a2)
eval (If el e2 e3) env = do eval (If el e2 e3) = proc env —> do
podm <- eval el env podm <- eval el -< env
if b then eval e2 env el se eval e2 env (eval e2 ||| eval e2) -<

I f podmthen Left env
el se Ri ght env
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next Num : State Int () Int
next Num = proc () —> do
n <- fetch —-< ()
store -< (n+l)
returnA -< n

STREAM PROCESORY

data SPa b =Put b (SPab) | Gt (a—-> SP a b)

i nstance Arrow SP where
arr f = Get (\x—>Put (f x) (arr f))

spl >>> Put ¢ sp2 = Put c (spl>>>sp2)
Put b spl >>> Get f =spl >>f b
Get f1 >>> sp2 = Gt (\x —> f1 x >>> sp2)

first f = bypass [] f where
bypass ds (Get f) = Get (\(b,d)->bypass (ds++[d]) (f b))
bypass (d:ds) (Put ¢ sp) = Put (c,d) (bypass ds sp)
bypass [] (Put ¢ sp) = Get (\(b,d)->Put (c,d) (bypass [] sp))

fibs::SP Int Int
fibs = Put O fibs’ where fibs’ = Put 1 (liftA2 (+) fibs fibs’)

i nstance ArrowZero SP where zeroArrow = Get (\Xx->zer 0Arrow)

i nstance ArrowPl us SP where Put b spl <+> sp2
spl <+> Put b sp2
Get f1 <+> Cet f2

Put b (spl<+>sp2)
Put b (spl<+>sp2)
Get (\a—>f1 a<+>f2 a)

i nstance ArrowChoice SP where left (Put ¢ sp)=Put (Left c) (left sp)
left (Get f) = Get (\z->case z of
Left a->left (f a)
Ri ght a-—>Put (Right a) (left (Get f)))

PARSER S E STATI CKOU I NFORMACI

data StaticParser = SP Bool [Char]
data Dynam sParser a b = DP ((a, String)—->(b, String))
dat a Parser ab =P StaticParser (Dynam cParser a b)

i nstance Arrow Parser where
arr f = P (SP True []) (DP (\(b,s)->(f b,s)))

P (SP el sl1) (DP pl) >>> P (SP e2 s2) (DP p2) =
P (SP (el & e2) (sl ‘union' if el then s2 else []))
(DP (p2 . pl))

first (Psp (DP p)) =P sp (\((b,d),s)->let (c,s’)=p (b,s) in ((c,d),s")

i nstance ArrowZero Parser where zeroArrow = P (SP False []) (DP undefined)
i nstance ArrowPl us Parser where P (SP el sl1) (DP pl) <+> P (SP e2 s2) (DP p2) =
P (SP (el || e2) (s1 ++ s2)) (DP (\(b,s)—->case s of
[T —>if el then pl [] else p2 []
c:cs—> if c'elem sl then pl s else
if ctelems2 then p2 s else
if el then pl s else p2 s))
—-—neni ArrowChoi ce ani ArrowApply
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NEDETERMI NI STI CKE VYPOCTY

new ype NonDet a b = ND (a—>[Db])

i nstance Arrow NonDet where
arr f = ND (\a—>[f a])
ND f >>> ND g = ND (\a—>[c | b<-f a,c<-g b])
first (NDf) = ND (\(b,d)->[(c,d) | c<-f b])

i nstance ArrowZero NonDet where zeroArrow = ND (\_—>[])
i nstance ArrowPl us NonDet where ND f <+> ND g = ND (\a—>f a ++ g a)

i nstance ArrowChoi ce NonDet where
left (NDf) = ND (\i—->case i of Left a —->then Left (f b)
Ri ght b->then Right [Db])

i nstance ArrowApply NonDet where
app = ND (\(ND f,a) -—> f a)

ZMENY CHOVANI

newtype MapTrans t a b = MI ((t->a) —> (t->b))

i nstance Arrow (MapTrans t) where

arr f = ND (f .)

M f >>> MF g =M (g . f)

first (MIrf) = M (zipMap . (f*prod'id) . unzipMap) where
zipMap i (t->a,t->b)->(t->(a, b))
zipMap (f,g) t =(f t, gt)
unzi pMap: : (t—>(a, b)) —>(t—>a, t —>b)
unzi pMap fg = (fst fg, snd fg)

—-—neni ArrowChoi ce
——neni ArrowApply




