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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

-— zatimto nestaci, protoze nemam jak zkombi novat paranetry
——add :: Arcrowa =>(a b lInt) -=> (a b lInt) ->(a b Int)
first :: abc ->a(b,d (c,d)

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

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

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

(***) :: ablcl —>ab2c2->a (bl b2 (ci,c2)
f *** g =first f >>> second g

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

——Mbonady j sou Arrow

newype Kleisli ma b = K (a —> nb)

instance Monad m=> Arrow (Kleisli m where
arr f = K (\b => return (f b)) -— K (return $ f id)
Kf >>Kg=K((\b —->f b >>=g9) -— 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 c 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 ||| g=(f <+>g) >>> arr untag
wher e

untag (Left x) = x

untag (Right 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 (Right d))
——Apply

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

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

——ArrowApply uz je Mnada
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

prod:: (al->bl) ->(a2->bh2) ->(al, a2) —>(bl, b2)
(f “prod‘ g) (al,al) = (f al, g a2?)

newtype State s a b = ST ((s, a) —> (s, b))

i nstance Arrow (State s) where
arr f = ST (id ‘prod" f)
ST f >>> ST g=ST (g. f)
first (ST s) = ST (assoc . (f‘prod'id) . unassoc) where
assoc ((a, ) c) = (a,(b,c))
unassoc (a,(b,c)) = ((a,b),c)
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 ((+1)‘prod'id) >> first store >>> arr snd
next Num = proc () -> do n <- fetch —-< ()

store -< (n+l)

returnA -< n

I NTERPRETER \% MONADACH A ARROW

—-1) pronenne a cisla

data Exp = Var String | Add Exp Exp

data Val = Cislo 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 (|l ookup s)

eval (Add el e2) env = eval (Add el e2) =
[iftM2 add (eval el env) (eval e2 env) lift A2 add (eval el) (eval e2)
wher e -—((eval el) &&& (eval e2)) >>>

add (Cislo a) (Cslob) = Cslo (ath) ——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(\ (Bl b,env)->if b then Left env el se Ri ght env)>>>
if b then eval e2 env (eval e2 ||| eval e3)

el se eval e3 env

--3) | anbda-kal kul us

data Exp = ...|Lam String Exp | App Exp Exp
data Val = .| Fun (Vval -> M Val) -- nonady
data Val = .| Fun (A Val Val) —-- arrow
--MONADY ARROW
eval (Lamx e) env = eval (Lamx e) = arr (\env —>
return (Fun (\v —> eval e((x,Vv) : 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 Cislo a2 <- eval e2 —-< env
return $ Gslo (al + a2) returnA -< Cislo (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 e3 env (eval e2 ||| eval e3) -<

if podmthen Left env el se R ght env
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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
Cet f1l <+> Get f2

Put b (spl<+>sp2)
Put b (spl<+>sp2)
Get (\a—>f1l 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 a b =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 s1) (DP pl) >>> P (SP e2 s2) (DP p2) =
P (SP (el & e2) (sl ‘union' if el then s2 else []))
_ (DP (p2 . pl)) .
first (Psp (DPp)) =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 ArrowPlus Parser where P (SP el sl1l) (DP pl) <+> P (SP e2 s2) (DP p2) =
P (SP (el || e2) (sl ++ s2)) (DP (\(b,s)—->case s of
[T —>if el then pl [] else p2 []
c:cs—> if c'elem sl then pl s el se
if c'elems2 then p2 s el se
if el then pl s else p2 s))
—-—neni ArrowChoi ce ani ArrowApply

NEDETERMI NI STI CKE VYPOCTY

newt ype NonDet a b = ND (a—>[b])

i nstance Arrow NonDet where
arr f = ND (\a—>[f a])
NDf >> 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 NDf <+> 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 [b])
i nstance ArrowApply NonDet where
app = ND (\(ND f,a) -—> f a)
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ZMENY CHO
new ype MapTrans t a b = MI ((t->a) —-> (t->b)
i nstance Arrow (MapTrans t) where

arr f = ND (f .)
M f >>> Mg =M (g . f)
first (Mr f) = Ml (zipMap . (f*prod'id)
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 ani ArrowApply
Funkci onal ni gr
type Node = Int
cl ass FCCont ext ctx where
type FGVLabel ctx
pre, suc :: ctx —> [(Node, FGELabel ctx)]
ver ctx —-> (Node, FGvVLabel ctx)
data FGView ctx gr = Mssing gr | ctx :& gr
cl ass FGraph gr where
type FGCtx gr enpty :: gr
nodes :: gr —> [(Node, FGVLabel (FGCtx gr)]
edges :: gr —> [(Node, Node, FGELabel (FG
using :: Node -> gr -> FGView (FGCtx gr) gr
usi ngAny :: gr -> FGView (FGCtx gr) gr
(& ::([FGEdge (FGCtx gr)], FGvertex (FGCtx
dfs v g = dfs’ [v] g where
df s’ [v] =[]
dfs’ (v:vs) (using v—> vc :& g ) = map ((,)v
df s (v:vs) (using v—>Mssing g) = dfs’ vs g
data SeqViewa b = Enpty | a :< b
cl ass Seq a where
type SeqEl em a enpty :: a i SEnpt
push :: SegElema -> a —-> a pop ::

pushLi st xs s = foldl

dfs (v ‘push’ S.enpty) g where
(pop—>Enpt y) _
(pop—>v:<vs) (using v-> vc : &

map ((,)Vv) (u
(pop—>v: <vs) (using v->M ssing g

bfs” (push v Q enpty) g where
(pop—>Enpt y) _
(pop—>v:<vs) (using v—=> vc :& g )

. map ((,)v) (usu
(pop—>v: <vs) (using v->M ssing @)

dij (push (0, v) Henpty) g

(pop—>Enpt y)

(pop—>(d, v):<vs) (using v—>M ssing @)

(pop—>(d,v):<vs) (using v—> vCc :& Qg )
(pre vc, (v,d), suc vc) & dij (pushL

(flip push) s xs

dfs v g =
df s’
df s’

[]

ve
df

IIO I

g )
su
df s’ )
bfs v g =
bf s’
bf s’

[]

ve
bf

wh

oIl

bfs’

dijkstra v g
di j
di
di ]

prim (usi ngAny—>M ssi ng g) = FG aph.enpty
prim (usingAny-> vc :& g ) =

pri (add_succ 0 (uver vc) H enpty (suc vc))
where add_succ d v = foldr (\(s,w) —> push (

pri(pop- >Enpty)
pri (pop->(d, v, p):<vs) (using v->M ssi
pri (pop—>(d,v,p):<vs) (using v-—> vc

pri (add_succ d v vs

V ANI

)

unzi pMap) where

afy

type FCELabel ctx
upre, usuc :: ctx —> [ Node]
uver ctx —> Node
i sSEnpty :: gr —> Bool
unodes :: gr —> [ Node]
X gr)] uedges: : gr—>[ ( Node, Node)]

gr), [FCGEdge (FGCtx gr)])—>gr—>gr

) (usuc vc) ++ dfs’

(usuc vc++vs) g

y :: a —> Bool
a —> SeqView (SeqElema) a

) ++ dfs’
s’ vs ¢

(pushLi st (usuc vc) vs) g

) ++ bfs’ (usuc vc ‘pushList’ vs) g
s’ vs ¢
ere
FG aph. enpty
dij vs ¢
ist [(d+w,s) | (s,w)<-suc vc] vs) g
g (([1, ver vc, []) & FGaph. enpty)
d+w, s, (v, )
st = st
ng g) st = pri vs g st
& g ) st =

(suc ve)) g (([p].ver vc,[]) & st)




